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General Product Information 
Cypress Semiconductor 
Background 
1-1 
Cypress Process Technology. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. 
1-2 


Product Selector Guide. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. 
1-3 
Ordering Information 
.........................................................................•................. 
1-9 
Product Line Cross Reference 
...............................•....•.......•.......................... 
. . . . . . . . . . .. 1-11 


Device Number 
CY2147 
CY2148 
CY21L48 
CY2149 
CY21lA9 
CY6116 
CY6116A 
CY6117A 
CY7CI0l 
CY7C102 
CY7CI06 
CY7C107 
CY7C108 
CY7CI09 
CY7C122 
CY7CI23 
CY7CI28 
CY7CI28A 
CY7C130 
CY7C13l 
CY7CI40 
CY7C141 
CY7C132 
CY7C136 
CY7C142 
CY7CI46 
CY7B134 
CY7B135 
CY7B1342 
CY7B138 
CY7BI44 
CY7C147 
CY7CI48 
CY7C149 
CY7C150 
CY7B153 
CY7B154 
CY7B155 
CY7B156 
CY7C157A 
CY7BI6Q 


Description 
4096 x 1 Static R/W RAM 
2-1 


1024 x 4 Static R/W RAM 
2-6 


1024 x 4 Static R/W RAM, Low Power 
2-6 


1024 x 4 Static R/W RAM 
2-6 


1024 x 4 Static R/W RAM, Low Power 
2-6 


2048 x 8 Static R/W RAM 
2-12 


2048 x 8 Static R/W RAM 
...........................................•............. 
2-19 


2048 x 8 Static R/W RAM 
2-19 


262,144 x 4 Static R/W RAM with Separate I/O 
2-26 


262,144 x 4 Static R/W RAM with Separate I/O 
2-26 


262,144 x 4 Static R/W RAM ......................................•................ 
2-32 


1,048,576x 1 Static R/W RAM 
...........•......................................... 
2-39 


131,072 x 8 Static R/W RAM 
2-45 


131,072 x 8 Static R/W RAM 
2-45 


256 x 4 Static R/W RAM Separate I/O 
2-52 


256 x 4 Static R/W RAM Separate I/O 
2-59 


2048 x 8 Static R/W RAM 
...............•....•..........•......................... 
2-65 


2048 x 8 Static R/W RAM 
2-72 


1024 x 8 Dual-Port Static RAM 
2-80 


1024 x 8 Dual-Port Static RAM 
> ••••••••••••••••••••••••••••••• 
2-80 


1024 x 8 Dual-Port Static RAM ................•.................................... 
2-80 


1024 x 8 Dual-Port Static RAM ................•..........•......................... 
2-80 


2048 x 8 Dual-Port Static RAM 
2-92 


2048 x 8 Dual-Port Static RAM 
2-92 


2048 x 8 Dual-Port Static RAM 
2-92 


2048 x 8 Dual-Port Static RAM ................•.................................... 
2-92 


4K x 8 Dual-Port Static RAM 
2-104 


4K x 8 Dual-Port Static RAM 
2-104 


4K x 8 Dual-Port Static RAM with Semaphores 
2-104 


4K x 8 Dual-Port Static RAM with Semaphores, INT, and BUSy 
2-114 


8K x 8 Dual-Port Static RAM with Semaphores, INT, and BUSy 
2-128 


4096 x 1 Static RAM 
2-142 


1024 x 4 Static RAM 
................•............................................ 
2-149 


1024 x 4 Static RAM 
2-149 


1024 x 4 Static R/W RAM 
2-156 


65,536 x 4 Expandable Static R./W RAM 
2-164 


65,536 x 4 Expandable Static R./W RAM 
2-164 


16K x 16 Synchronous Static RAM 
2-171 


16K x 16 Synchronous Static RAM 
2-171 


16,384 x 16 Static R/W Cache Storage Unit 
2-177 


Expandable 
16,384x 4 Static RAM 
2-179 


Device Number 
CY7B161 
CY7B162 
CY7C161 
CY7C162 
CY7C161A 
CY7C162A 
CY7B163 
CY7BI64 
CY7BI66 
CY7Cl64 
CY7CI66 
CY7CI64A 
CY7CI66A 
CY7C167 
CY7C167A 
CY7Cl68 
CY7C169 
CY7Cl68A 
CY7C169A 
CY7C170 
CY7C170A 
CY7Cl71 
CY7Cl72 
CY7C171A 
CY7Cl72A 
CY7B173 
CY7B174 
CY7B180 
CY7B181 
CY7C182 
CY7C183 
CY7CI84 
CY7B185 
CY7BI86 
CY7C185 
CY7CI86 
CY7C185A 
CY7Cl86A 
CY7C187 
CY7C187A 
CY7C189 
CY7C19O 
CY7Bl91 
CY7B192 
CY7C191 
CY7CI92 
CY7B193 
CY7B194 
CY7B195 
CY7B196 
CY7C194 


Description 
16,384x 4 Static RAM Separate I/O .. . . . . . . . . . . . . . . . • . . . . . . . . . . . .. 
. 
2-184 


16,384x 4 Static RAM Separate I/O 
, 
2-184 


16,384x 4 Static R/W RAM Separate 110 ....•.....................•................ 
2-190 


16,384x 4 Static R/W RAM Separate I/O 
2-190 


16,384x 4 Static R/W RAM Separate I/O 
2-197 


16,384x 4 Static R/W RAM Separate I/O 
, 
2-197 
Expandable 262,144 x 1 Static R/W RAM with Separate I/O 
2-205 


16,384 x 4 Static R/W RAM 
2-211 


16,384 x 4 Static R/W RAM .................................•..................... 
2-211 


16,384 x 4 Static R/W RAM 
2-217 


16,384 x 4 Static R/W RAM with Output Enable 
2-217 


16,384 x 4 Static R/W RAM 
2-224 


16,384x 4 Static R/W RAM with Output Enable 
2-224 


16,384x 1 Static R/W RAM 
2-233 


16,384x 1 Static RAM 
2-240 


4096 x 4 Static RAM 
2-247 


4096 x 4 Static RAM 
2-247 


4096 x 4 R/W RAM ........•.......•....•.......•..•.......•.....•............... 
2-254 


4096 x 4 R/W RAM 
2-254 


4096 x 4 Static R/W RAM 
2-263 


4096 x 4 Static R/W RAM 
2-268 


4096 x 4 Static R/W RAM Separate I/O 
2-274 


4096 x 4 Static R/W RAM Separate I/O 
2-274 


4096 x 4 Static R/W RAM Separate I/O 
2-280 


4096 x 4 Static R/W RAM Separate I/O 
2-280 


32,768 x 9 Synchronous Cache R/W RAM 
2-288 


32,768 x 9 Synchronous Cache R/W RAM 
2-288 


4K x 18 Cache Tag 
2-297 


4K x 18 Cache Tag 
2-297 
8,192x 9 Static R/W RAM 
2-316 
2 x 4096 x 16 Cache RAM 
2-321 
2 x 4096 x 16 Cache RAM ....•...........................•..•..................... 
2-321 
8,192 x 8 Static RAM 
2-329 
8,192 x 8 Static RAM 
2-329 
8,192 x 8 Static R/W RAM 
2-334 
8,192 x 8 Static R/W RAM 
2-334 
8,192 x 8 Static R/W RAM 
2-341 
8,192 x 8 Static R/W RAM 
2-341 
65,536 x 1 Static R/W RAM 
2-349 
65,536 x 1 Static R/W RAM 
2-356 


16 x 4 Static R/W RAM 
2-365 


16 x 4 Static R/W RAM 
2-365 
65,536 x 4 Static R/W RAM Separate 110 ......•..........•......................... 
2-372 
65,536 x 4 Static R/W RAM Separate 110 ......•.......•..•..........•..•........... 
2-372 
65,536 x 4 Static R/W RAM Separate 110 ............................•..•..•........ 
2-379 
65,536 x 4 Static R/W RAM Separate 110 
2-379 
262,144 x 1 Static R/W RAM 
2-386 
65,536 x 4 Static R/W RAM 
2-393 
65,536 x 4 Static R/W RAM with Output Enable 
2-393 
65,536 x 4 Static R/W RAM with Output Enable 
2-393 
65,536 x 4 Static R/W RAM 
2-401 


Device Number 
CY7C195 
CY7C196 
CY7B197 
CY7C197 
CY7B198 
CY7BI99 
CY7C198 
CY7CI99 
CY74S189 
CY27LS03 
CY27S03 
CY27S07 
CY93422A 
CY93lA22A 
CY93422 
CY93lA22 
CYMI240 
CYMI420 
CYM1422 
CYMI423 
CYMI441 
CYMI460 
CYMI461 
CYMI464 
CYMI465 
CYMI466 
CYMI471 
CYMI481 
CYM1540 
CYMI560 
CYM1610 
CYMI611 
CYMI620 
CYM1621 
CYMI622 
CYM1624 
CYMI641 
CYMI720 
CYM1821 
CYMI822 
CYMI828 
CYM1830 
CYM1831 
CYM1832 
CYM1838 
CYM1840 
CYM1841 
CYM1910 
CYMI911 
CY7M194 
CY7MI99 


Description 
65,536 x 4 Static R/W RAM with Output Enable 
............•..•.................... 
2-401 


65,536 x 4 Static R/W RAM with Output Enable 
2-401 


262,144 x 1 Static R/W RAM 
2-409 


262,144 x 1 Static R/W RAM 
2-415 


32,768 x 8 Static R/W RAM ...........................................•........... 
2-422 


32,768 x 8 Static R/W RAM 
2-422 


32,768 x 8 Static R/W RAM ..................•.................................... 
2-429 


32,768 x 8 Static R/W RAM 
2-429 


16 x 4 Static R/W RAM 
2-437 


16 x 4 Static R/W RAM 
2-437 


16 x 4 Static R/W RAM 
2-437 


16 x 4 Static R/W RAM 
2-437 


256 x 4 Static R/W RAM 
2-443 


256 x 4 Static R/W RAM 
2-443 


256 x 4 Static R/W RAM 
2-443 


256 x 4 Static R/W RAM 
2-443 


256K x 4 Static RAM Module 
2-449 


128K x 8 Static RAM Module 
2-450 


128K x 8 Static RAM Module 
2-451 


128K x 8 Static RAM Module 
2-452 


256K x 8 Static RAM Module 
2-453 


512K x 8 Static RAM Module 
2-454 


512K x 8 Static RAM Module 
..................................•..•..•............ 
2-455 


512K x 8 Static RAM Module 
2-456 


512K x 8 Static RAM Module 
2-457 


512K x 8 Static RAM Module 
2-458 


1024K x 8 Static RAM Module 
2-459 


2048K x 8 Static RAM Module 
2-459 


256K x 9 Buffered Static RAM Module with Separate 1/0 
2-460 


lO24K x 9 Buffered Static RAM Module with Separate 1/0 
2-461 


16K x 16 Static RAM Module 
2-462 


16K x 16 Static RAM Module 
2-463 


64K x 16 Static RAM Module 
2-464 


64K x 16 Static RAM Module 
...............•.............•....................... 
2-465 


64K x 16 Static RAM Module 
2-466 


64K x 16 Static RAM Module 
2-467 


256K x 16 Static RAM Module 
2-468 


32K x 24 Static RAM Module 
2-469 


16K x 32 Static RAM Module 
2-470 


16K x 32 Static RAM Module with Separate 1/0 .............•....................... 
2-471 


32K x 32 Static RAM Module 
2-472 


64K x 32 Static RAM Module 
2-473 


64K x 32 Static RAM Module 
....•.......•........................................ 
2-474 


64K x 32 Static RAM Module 
2-475 


128K x 32 Static RAM Module 
2-476 


256K X 32 Static RAM Module 
2-477 


256K x 32 Static RAM Module 
2-478 


16K x 68 Static RAM Module 
2-479 


16K x 68 Static RAM Module 
2-480 


64K x 4 Static RAM Module 
..........•........................................... 
2-481 


32K x 8 Static RAM Module 
2-482 


PROMs (Programmable 
Read Only Memory) 
Introduction 
to PROMs 
. 
Page Number 


....... 
3-1 


Device Number 
Description 


CY7B201 
131,072 x 8 Reprogrammable 
PROM ..................•.............................. 
3-4 
CY7B21O 
65,536 x 16 Reprogrammable 
Registered PROM 
3-5 
CY7B211 
65,536 x 16 Reprogrammable 
Registered PROM 
3-5 


CY7C225 
512 x 8 Registered PROM 
3-7 
CY7C235 
1024 x 8 Registered PROM 
3-14 


CY7C245 
2048 x 8 ReprogrammableReigstered 
PROM 
3-21 


CY7C245A 
2048 x 8 ReprogrammableRegistered 
PROM 
3-30 


CY7C251 
16,384 x 8 Power Switched and Reprogrammable 
PROM 
....•......................... 
3-38 
CY7C254 
16,384 x 8 Reprogrammable 
PROM .......................•......................... 
3-38 
CY7C261 
8192 x 8 Power Switched and Reprogrammable 
PROM 
3-44 
CY7C263 
8192 x 8 Reprogrammable 
PROM 
3-44 
CY7C264 
8192 x 8 Reprogrammable 
PROM 
3-44 


CY7C265 
64K Registered PROM 
3-53 
CY7C266 
8192 x 8 Power Switched and Reprogrammable 
PROM 
3-61 
CY7C268 
64K Registered Diagnostic PROM. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. 
3-67 


CY7C269 
64K Registered Diagnostic PROM 
3-67 


CY7C271 
32,768 x 8 Power Switched and Reprogrammable 
PROM 
....•......................... 
3-77 
CY7C274 
32,768 x 8 Reprogrammable 
PROM 
3-77 


CY7C277 
32,768 x 8 Reprogrammable 
Registered PROM .....•..•.........................•.... 
3-83 
CY7C279 
32,768 x 8 Reprogrammable 
Registered PROM .....•................................. 
3-83 
CY7C281 
1024 x 8 PROM 
3-92 
CY7C282 
1024 x 8 PROM 
3-92 
CY7C285 
65,536 x 8 Reprogrammable 
Fast Column Access PROM 
3-101 
CY7C289 
65,536 x 8 Reprogrammable 
Fast Column Access PROM 
3-101 


CY7C286 
65,536 x 8 Reprogrammable 
Registered PROM .............•........................ 
3-108 
CY7C287 
65,536 x 8 Reprogrammable 
Registered PROM. 
. . . . • . . . . . . . . . . . . . . . . . . . 
. 
3-108 
CY7C291 
2048 x 8 Reprogrammable 
PROM 
3-113 
CY7C292 
2048 x 8 Reprogrammable 
PROM 
3-113 
CY7C29lA 
2048 x 8 Reprogrammable 
PROM 
3-120 
CY7C292A 
2048 x 8 Reprogrammable 
PROM 
3-120 
CY7C293A 
2048 x 8 Reprogrammable 
PROM 
3-120 


PROM Programming 
Information 
3-127 


EPLDs (Erasable 
Programmable 
Logic Devices) 
Introduction 
to Cypress PLDs ...................................•................................................ 
4-1 


Device Number 
PAL® C 20 Series 
PLD C 18G8 
PALC 2OGlOB 
PALC 2OGI0 
PLD 2ORAI0 
PALC22VlOB 
PALC 22VlO 
PAL 22VIOC 
PAL 22VPIOC 
CY7B326 
CY7C330 
CY7C331 


Description 


Reprogrammable 
CMOS PAL C 16L8, 16R8, 16R6, 16R4 
4-7 


CMOS Generic 2O-Pin Programmable 
Logic Device 
4-26 


CMOS Generic 24-Pin Reprogrammable 
Logic Device 
,...................... 
. 
4-33 


CMOS Generic 24-Pin Reprogrammable 
Logic Device 
. 
4-33 


Reprogrammable 
Asynchronous 
CMOS Logic Device 
,........... 
.. 4-44 
Reprogrammable 
CMOS PAL Device. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. .. 4-53 
Reprogrammable 
CMOS PAL Device...... 
.............•.............. 
. .. 4-53 


Universal PAL Device 
4-64 


Universal PAL Device 
4-64 


Multipurpose 
BiCMOS PLD 
4-73 


CMOS Programmable 
Synchronous State Machine 
. 
4-80 


Asynchronous 
Registered EPLD . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 
. 
4-92 


Device Number 
Description 


CY7C332 
Registered Combinatorial 
EPLD 
4-104 
CY7B333 
General-Purpose 
Synchronous BiCMOS PLD 
4-114 
CY7B336 
6-ns BiCMOS PAL with Input Registers 
4-121 
CY7B337 
7-ns BiCMOS PAL with Input Registers 
4-127 
CY7B338 
6-ns BiCMOS PAL with Output Latches 
4-133 
CY7B339 
7-ns BiCMOS PAL with Output Latches 
4-139 
CY7C340 EPLD Family 
Multiple Array Matrix High-Density EPLDs 
4-145 
CY7C341 
192-Macrocell MAX EPLD 
4-154 
CY7C342 
128-Macrocell MAX EPLD 
4-165 
CY7C343 
64-Macrocell MAX EPLD 
4-178 
CY7C344 
32-Macrocell MAX EPLD 
4-190 
CY7C361 
Ultra High Speed State Machine EPLD 
4-201 
PLD Programming 
Information 
4-211 


Device Number 
CY3341 
CY7C401 
CY7C402 
CY7C403 
CY7C404 
CY7C408A 
CY7C409A 
CY7C420 
CY7C421 
CY7C424 
CY7C425 
CY7C428 
CY7C429 
CY7C432 
CY7C433 
CY7C439 
CY7C441 
CY7C443 
CY7C451 
CY7C453 
CY7C460 
CY7C462 
CY7C464 
CY7C470 
CY7C472 
CY7C474 
CYM4210 
CYM4220 
CYM4241 


Description 
64 x 4 Serial Memory FIFO 
5-1 


64 x 4 Cascade able FIFO 
5-6 


64 x 5 Cascadeable FIFO 
5-6 


64 x 4 Cascadeable FIFO with Output Enable 
5-6 


64 x 5 Cascadeable FIFO with Output Enable 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. 
5--6 


64 x 8 Cascadeable FIFO 
5-16 


64 x 9 Cascadeable FIFO 
5-16 


512 x 9 Cascadeable FIFO 
5-30 


512 x 9 Cascade able FIFO 
5-30 


1024 x 9 Cascade able FIFO 
5-30 


1024 x 9 Cascadeable FIFO 
5-30 


2048 x 9 Cascadeable FIFO 
, 
5-30 


2048 x 9 Cascade able FIFO 
.................•...................................... 
5-30 


4096 x 9 Cascade able FIFO 
.........•..........•................................... 
5-45 


4096 x 9 Cascadeable FIFO 
.................•.......•.............................. 
5-45 


2048 x 9 Bidirectional FIFO .........................•.. 
, 
5-58 


512 x 9 Synchronous FIFO 
, 
5-70 


2K x 9 Synchronous FIFO 
.................•..................................•.... 
5-70 


512 x 9 Cascadeable Clocked FIFO 
5-83 


2K x 9 Cascadeable Clocked FIFO 
. . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. 
5-83 


8K x 9 Cascadeable FIFO ..................•...................................... 
5-104 


16K x 9 Cascadeable FIFO ...............................•........................ 
5-104 


32K x 9 Cascadeable FIFO.. 
.. . . . . .. .. .. . . .. .. .. . . .. .. 
.. 
5-104 


8K x 9 FIFO 
, .. , 
5-116 


16K x 9 FIFO 
.................................•..................... 
. 
5-116 


32K x 9 FIFO 
I ..•.....•..•............. 
5-116 


Cascadeable 8K x 9 FIFO 
5-128 


Cascade able 16K x 9 FIFO ...........................•..•......................... 
5-128 


64K x 9 FIFO 
, 
, ..•......................... 
5-129 


Device Number 
CY2901C 
CY2909A 
CY291lA 
CY2910A 
CY7C510 
CY7C516 
CY7C517 
CY7C901 
CY7C909 
CY7C911 
CY7C91O 
CY7C9101 
CY7C9115 
CY7C9116 
CY7C9117 


Description 
CMOS 4-Bit Slice 
6-1 


CMOS Microprogram 
Sequencers 
6-9 


CMOS Microprogram 
Sequencers 
6-9 


CMOS Microprogram Controller 
6-14 
16 x 16 Multiplier Accumulator 
6-19 


16 x 16 Multipliers 
6-31 


16 x 16 Multipliers 
6-31 


CMOS 4-Bit Slice 
6-43 


CMOS Microprogram 
Sequencers 
6-58 


CMOS Microprogram 
Sequencers 
6-58 


CMOS Microprogram 
Controller 
...............•...................•..•............ 
6-69 


CMOS 16-Bit Slice 
6-80 


CMOS 16-Bit Microprogrammed 
ALU ...........................•.................. 
6-97 


CMOS 16-Bit Microprogrammed 
ALU 
6-97 


CMOS 16-Bit Microprogrammed 
ALU 
6-97 


RIse 
Introduction 
to RISC 
7-1 


Device Number 
CY7C60lA 
CY7C602A 
CY7C604A 
CY7C605A 
CY7C61lA 


Description 
32-Bit RISC Processor 
7-6 


Floating-Point 
Unit 
7-14 


Cache Controller and Memory Management 
Unit 
7-20 


Cache Controller and Memory Management 
Unit 
7-29 


32-Bit RISC Controller 
7-39 


Modules 
Custom Module Capabilities 
8-1 


Device Number 
CYMl240 
CYM1420 
CYM1422 
CYM1423 
CYMl441 
CYMl460 
CYMl461 
CYMl464 
CYMl465 
CYMl466 
CYM1471 
CYMl481 
CYM1540 
CYM1560 
CYM1610 
CYM1611 
CYM1620 
CYM1621 
CYM1622 
CYM1624 
CYMl641 
CYM1720 
CYM1821 


Description 
256K x 4 Static RAM Module 
8-5 


128K x 8 Static RAM Module 
8-10 


128K x 8 Static RAM Module 
8-15 


128K x 8 Static RAM Module 
...................................•.................. 
8-20 


256K x 8 Static RAM Module 
8-25 


512K x 8 Static RAM Module 
8-30 


512K x 8 Static RAM Module 
8-35 


512K x 8 Static RAM Module 
8-41 


512K x 8 Static RAM Module 
8-46 


512K x 8 Static RAM Module 
8-51 


1024K x 8 Static RAM Module 
8-58 


2048K x 8 Static RAM Module 
8-58 


256K x 9 Buffered Static RAM Module with Separate VO 
8-64 


1024K x 9 Buffered Static RAM Module with Separate I/O 
8-69 


16K x 16 Static RAM Module 
8-74 


16K x 16 Static RAM Module 
8-81 


64K x 16 Static RAM Module 
8-87 


64K x 16 Static RAM Module 
. . 8-92 


64K x 16 Static RAM Module 
......•............................................... 
8-98 


64K x 16 Static RAM Module 
8-103 


256K x 16 Static RAM Module 
8-108 


32K x 24 Static RAM Module............. 
.. 
8-113 


16K x 32 Static RAM Module.......................................... 
8-118 


Device Number 
CYM1822 
CYM1828 
CYM1830 
CYM1831 
CYM1832 
CYM1838 
CYM1840 
CYMl841 
CYMl910 
CYM1911 
CYM4210 
CYM4220 
CYM4241 
CY7M194 
CY7Ml99 


Description 
16K x 32 Static RAM Module with Separate IJO .....•............................... 
8-125 


32K x 32 Static RAM Module 
........................•............................ 
8-132 


64K x 32 Static RAM Module 
................•.................................... 
8-138 


64K x 32 Static RAM Module 
...................•................................. 
8-143 
64K x 32 Static RAM Module 
8-148 


128K x 32 Static RAM Module 
8-153 
256K X 32 Static RAM Module 
8-154 
256K x 32 Static RAM Module 
8-159 


16K x 68 Static RAM Module 
8-164 


16K x 68 Static RAM Module 
8-170 
Cascade able 8K x 9 FIFO 
8-177 
Cascadeable 
16K x 9 FIFO 
8-177 
64K x 9 FIFO 
8-186 


64K x 4 Static RAM Module 
...............................•...................... 
8-192 
32K x 8 Static RAM Module 
8-197 


Device Number 
CYlOE301 
CY100E301 
CYlOE302 
CY100E302 
CY100E302 
CYlOE383 
CY101E383 
CYlOE422 
CY100E422 
CY10E470 
CY100E470 
CY10E474 
CY100E474 
CYlOE484 
CY100E484 
CY101E484 
CYlOE494 
CY100E494 
CY101E494 


Description 
Combinatorial 
ECL 16P4 Programmable 
Logic Device 
9-1 
Combinatorial 
ECL 16P4 Programmable 
Logic Device 
9-1 
Combinatorial 
ECL 16P4 Programmable 
Logic Device 
9-6 


Combinatorial 
ECL 16P4 Programmable 
Logic Device 
9-6 


Combinatorial 
ECL 16P4 Programmable 
Logic Device 
9-6 


ECUITL 
Translator and High-Speed Bus Driver 
9-11 


ECUITL 
Translator and High-Speed Bus Driver 
9-11 


256 x 4 ECL Static RAM 
9-16 


256 x 4 ECL Static RAM 
9-16 


4096 x 1 ECL Static RAM 
9-23 


4096 x 1 ECL Static RAM 
9-23 


1024 x 4 ECL Static RAM 
9-28 


1024 x 4 ECL Static RAM 
9-28 


4096 x 4 ECL Static RAM 
9-35 


4096 x 4 ECL Static RAM 
9-35 
4096 x 4 ECL Static RAM 
9-35 


16,384 x 4 ECL Static RAM. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 
. .. 9-37 
16,384 x 4 ECL Static RAM 
9-37 


16,384x 4 ECL Static RAM 
9-37 


Device Number 
VIC068 
VAC068 


Description 
VMEbus Interface Controller 
10-1 


VMEbus Address Controller 
10-15 


Military Information 


Military Overview. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11-1 
Military Product Selector Guide 
11-2 
Military Ordering Information 
11-7 


Device Number 
CY3101 
CY3200 
CY3210 
CY3300 


Description 
PLD ToolKit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 12-1 
PLDS-MAX + PLUS Design System 
.............•..•............................... 
12-3 
PLS-EDIF 
Bidirectional Nellist Interface 
12-8 


QuickPro II ...........................................•......................... 
12-15 


Quality and Reliability 
Page Number 


Quality, Reliability, and Process Flows. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
13-1 
Tape and Reel Specifications 
....................................................•.............................. 
13-16 


Packages 
Page Number 
Thermal Management 
and Component 
Reliability 
14-1 
Package Diagrams 
14-8 


Sales Representatives 
and Distributors 


Direct Sales Offices 
North American Sales Representatives 
International 
Sales Representatives 


Distributors 


10E301 
10E302 
10E383 
10E422 
lOE470 
lOE474 
10E484 
10E494 
l00E301 
l00E302 
l00E302 
l00E422 
l00E470 
l00E474 
l00E484 
l00E494 
101E383 
101E484 
101E494 
2147 
2148 
21lA8 
2149 
21lA9 
27LS03 
27S03 
27S07 
2909A 
2910A 
291lA 
3101 
3200 
3210 
3300 
3341 
6116 
6116A 
6117A 
74S189 
7B134 
7B135 
7B138 
7BI44 
7B153 
7B154 
7B155 
7Bl56 
7BI60 
7B161 
7B162 
7B163 
7BI64 


Combinatorial 
ECL 16P4 Programmable 
Logic Device 
. 
9-1 
Combinatorial 
ECL 16P4 Programmable Logic Dcvice 
. . . . . . . . . . . . . 
. 
9-6 


ECUTTL 
Translator and High-Speed Bus Driver. 
. 
9-11 


256 x 4 ECL Static RAM 
. 
9-16 


4096 x 1 ECL Static RAM 
9-23 


1024 x 4 ECL Static RAM 
9-28 


4096 x 4 ECL Static RAM 
9-35 


16,384x 4 ECL Static RAM 
9-37 


Combinatorial 
ECL 16P4 Programmable 
Logic Device 
9-1 


Combinatorial 
ECL 16P4 Programmable 
Logic Device 
9-6 


Combinatorial 
ECL 16P4 Programmable 
Logic Device 
9-6 


256 x 4 ECL Static RAM 
. 
9-16 


4096 x 1 ECL Static RAM 
. . 9-23 


1024 x 4 ECL Static RAM 
........•.. 
. . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . 
9-28 


4096 x 4 ECL Static RAM 
9-35 


16,384 x 4 ECL Static RAM. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. 
9-37 


ECUTTL 
Translator and High-Speed Bus Driver.... 
. 
9-11 


4096 x 4 ECL Static RAM 
9-35 


16,384 x 4 ECL Static RAM 
9-37 


4096 x 1 Static R/W RAM 
2-1 


1024 x 4 Static R/W RAM 
2-6 


1024 x 4 Static R/W RAM, Low Power 
2-6 


1024 x 4 Static R/W RAM 
. .. . .. 
. 
2-6 


1024 x 4 Static R/W RAM, Low Power 
. 
2-6 


16 x 4 Static R/W RAM 
. 
2-437 


16 x 4 Static R/W RAM 
. 
2-437 


16 x 4 Static R/W RAM 
2-437 


CMOS Microprogram 
Sequencers 
...........•....................................... 
6-9 


CMOS Microprogram 
Controller. 
. . . . . . . . . . . . . . . . . . . . . . . . . 
. 
6-14 


CMOS Microprogram 
Sequencers 
6-9 


PLD ToolKit 
12-1 


PLDS-MAX + PLUS Design System 
12-3 


PLS-EDIF 
Bidirectional Nellist Interface 
....•....................................... 
12-8 


QuickPro II 
. . . . . . . . . . . . . . .• . .. .. .. .. .. . . .. .. . . . . . . . . .. . . . . . . . . .. 
12-15 


64 x 4 Serial Memory FIFO 
5-1 
2048 x 8 Static R/W RAM 
. • . .. . .. . . . . . 
. . 2-12 


2048 x 8 Static R/W RAM 
. 
2-19 


2048 x 8 Static R/W RAM 
,., .. ,............................ 
. 
2-19 


16 x 4 Static R/W RAM 
2-437 


4K x 8 Dual-Port Static RAM 
2-104 


4K x 8 Dual-Port Static RAM 
. 
2-104 


4K x 8 Dual-Port Static RAM with Semaphores, INT, and BUSy............... 
. .. 2-114 


8K x 8 Dual-Port Static RAM with Semaphores, INT, and BUSY.. 
.. 2-128 


65,536 x 4 Expandable Static R./W RAM 
. .. 2-164 


65,536 x 4 Expandable Static R./W RAM 
2-164 


16K x 16 Synchronous Static RAM . .. . . . . . .. . . . . . . .. . .. . . . . . . . . . 
. .. 2-171 


16K x 16 Synchronous Static RAM. 
. . . . . . . . .. 
2-171 


Expandable 
16,384 x 4 Static RAM..... 
. 
2-179 


16,384x 4 Static RAM Separate 110 
.. 2-184 


16,384x 4 Static RAM Separate 110...... 
2-184 


Expandable 262,144 x 1 Static R/W RAM with Separate 
110 
2-205 


16,384 x 4 Static R/W RAM. 
. 
. . . . . . . . . . . 
. . . . . . . . . . 
. . 2-211 


7BI66 
7B173 
7B174 
7B18O 
7B181 
7B185 
7B186 
7BI91 
7B192 
7B193 
7B194 
7B197 
7B195 
7B196 
7B198 
7BI99 
7B1342 
7B201 
7B21O 
7B211 
7B326 
7B333 
7B336 
7B337 
7B338 
7B339 
7C101 
7CI02 
7CI06 
7CI07 
7CI08 
7CI09 
7CI22 
7CI23 
7CI28 
7CI28A 
7C130 
7Cl31 
7C132 
7C136 
7CI40 
'7C141 
7C142 
7CI46 
7C147 
7CI48 
7C149 
7C150 
7C157A 
7C161 
7C161A 
7C162 


16,384 x 4 Static R/W RAM .........................•............................. 
2-211 


32,768 x 9 Synchronous Cache R/W RAM 
2-288 


32,768 x 9 Synchronous Cache R/W RAM 
2-288 


4K x 18 Cache Tag 
2-297 


4K x 18 Cache Tag .........................•..................................... 
2-297 
8,192 x 8 Static RAM 
2-329 


8,192 x 8 Static RAM 
2-329 


65,536 x 4 Static R/W RAM Separate 110 ........•..•.............•........•..•..... 
2-372 


65,536 x 4 Static R/W RAM Separate I/O 
2-372 


262,144 x 1 Static R/W RAM ......................•............................... 
2-386 


65,536 x 4 Static R/W RAM 
2-393 


262,144 x 1 Static R/W RAM 
2-409 


65,536 x 4 Static R/W RAM with Output Enable 
2-393 


65,536 x 4 Static R/W RAM with Output Enable 
2-393 


32,768 x 8 Static R/W RAM 
2-422 


32,768 x 8 Static R/W RAM 
2-422 


4K x 8 Dual-Port Static RAM with Semaphores. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
.. 2-104 


131,072x 8 Reprogrammable 
PROM 
3-4 


65,536 x 16 Reprogrammable 
Registered PROM 
3-5 


65,536 x 16 Reprogrammable 
Registered PROM 
3-5 


Multipurpose 
BiCMOS Pill 
....................................•.................. 
4-73 


General-Purpose 
Synchronous BiCMOS PLD 
4-114 


6-ns BiCMOS PAL with Input Registers 
4-121 


7-ns BiCMOS PAL with Input Registers 
4-127 


6-ns BiCMOS PAL with Output Latches 
4-133 


7-ns BiCMOS PAL with Output Latches 
4-139 


262,144 x 4 Static R/W RAM with Separate I/O 
2-26 


262,144 x 4 Static RIW RAM with Separate I/O 
, 
2-26 


262,144 x 4 Static R/W RAM 
2-32 


1,048,576x 1 Static R/W RAM 
2-39 


131,072x 8 Static R/W RAM .....................•................................. 
2-45 


131,072x 8 Static R/W RAM 
2-45 
256 x 4 Static R/W RAM Separate I/O 
................................•............. 
2-52 


256 x 4 Static R/W RAM Separate 110 
2-59 
2048 x 8 Static R/W RAM 
2-65 


2048 x 8 Static R/W RAM 
............•....... 
. 
2-72 


1024 x 8 Dual-Port Static RAM 
2-80 


1024 x 8 Dual-Port Static RAM ....................................•................ 
2-80 


2048 x 8 Dual-Port Static RAM 
2-92 


2048 x 8 Dual-Port Static RAM 
2-92 


1024 x 8 Dual-Port Static RAM .....................•............................... 
2-80 


1024 x 8 Dual-Port Static RAM 
2-80 


2048 x 8 Dual·Port Static RAM 
2-92 


2048 x 8 Dual·Port Static RAM 
2-92 


4096 x 1 Static RAM 
........................•.................................... 
2-142 


1024 x 4 Static RAM 
2-149 


1024 x 4 Static RAM 
................................•............................ 
2-149 


1024 x 4 Static R/W RAM 
. ....•............................ 
2-156 


16,384 x 16 Static R/W Cache Storage Unit 
2-177 


16,384x 4 Static R/W RAM Separate I/O 
2-190 


16,384x 4 Static R/W RAM Separate 110 . . . . . . .. . . . . .. .. . . . •. . •. .. . . . . . . . 
. . 2-197 


16,384x 4 Static R/W RAM Separate I/O 
2-190 


7C162A 
7Cl64 
7Cl64A 
7Cl66 
7Cl66A 
7C167 
7C167A 
7Cl68 
7Cl68A 
7C169 
7C169A 
7C170 
7C170A 
7Cl71 
7C17lA 
7Cl72 
7Cl72A 
7C182 
7C183 
7C184 
7C185 
7Cl86 
7C185A 
7Cl86A 
7C187 
7C187A 
7C189 
7Cl90 
7Cl91 
7Cl92 
7C194 
7C195 
7C196 
7C197 
7C198 
7Cl99 
7C225 
7035 
7045 
7C245A 
7C251 
7C254 
7C261 
7C263 
7C264 
7C265 
7C266 
7C268 
7C269 
7C271 
7C274 
7C277 


16,384x 4 Static R/W RAM Separate 1/0 ............•.............................. 
2-197 


16,384 x 4 Static R/W RAM ...........................•........................... 
2-217 


16,384 x 4 Static R/W RAM ...........................•........................... 
2-224 


16,384 x 4 Static R/W RAM with Output Enable 
2-217 
16,384 x 4 Static R/W RAM with Output Enable 
2-224 


16,384x 1 Static R/W RAM 
2-233 


16,384 x 1 Static RAM 
2-240 


4096 x 4 Static RAM 
2-247 


4096 x 4 R/W RAM 
2-254 


4096 x 4 Static RAM 
2-247 


4096 x 4 R/W RAM 
2-254 


4096 x 4 Static R/W RAM 
2-263 


4096 x 4 Static R/W RAM 
2-268 


4096 x 4 Static R/W RAM Separate 1/0 ..............•..•.......................... 
2-274 


4096 x 4 Static R/W RAM Separate 1/0 ..............•............................. 
2-280 


4096 x 4 Static R/W RAM Separate I/O 
2-274 


4096 x 4 Static R/W RAM Separate 1/0 
2-280 


8,192 x 9 Static R/W RAM 
2-316 


2 x 4096 x 16 Cache RAM ........•.......•..•.......•............................. 
2-321 


2 x 4096 x 16 Cache RAM 
2-321 


8,192 x 8 Static R/W RAM 
2-334 


8,192 x 8 Static R/W RAM 
2-334 


8,192x 8 Static R/W RAM ............•........................................... 
2-341 


8,192 x 8 Static R/W RAM 
2-341 


65,536 x 1 Static R/W RAM 
2-349 


65,536 x 1 Static R/W RAM ......................•................................ 
2-356 


16 x 4 Static R/W RAM 
2-365 


16 x 4 Static R/W RAM 
2-365 


65,536 x 4 Static R/W RAM Separate 1/0 .......•................................... 
2-379 


65,536 x 4 Static R/W RAM Separate I/O 
2-379 


65,536 x 4 Static R/W RAM 
2-401 


65,536 x 4 Static R/W RAM with Output Enable 
2-401 


65,536 x 4 Static R/W RAM with Output Enable 
...........•........................ 
2-401 


262,144 x I Static R/W RAM .............................•........................ 
2-415 


32,768 x 8 Static R/W RAM 
2-429 


32,768 x 8 Static R/W RAM 
2-429 


512 x 8 Registered PROM 
3-7 


1024 x 8 Registered PROM 
3-14 


2048 x 8 ReprogrammableReigstered 
PROM 
3-21 


2048 x 8 ReprogrammableRegistered 
PROM 
3-30 


16,384 x 8 Power Switched and Reprogrammable 
PROM 
3-38 


16,384 x 8 Reprogrammable 
PROM 
3-38 


8192 x 8 Power Switched and Reprogrammable 
PROM 
3-44 


8192 x 8 Reprogrammable 
PROM 
3-44 


8192 x 8 ReprogrammabJe 
PROM 
3-44 


64K Registered PROM 
3-53 


8192 x 8 Power Switched and Reprogrammable 
PROM 
...................•............ 
3-61 


64K Registered Diagnostic PROM 
3-67 


64K Registered Diagnostic PROM 
3-67 


32,768 x 8 Power Switched and Reprogrammable 
PROM 
3-77 


32,768 x 8 Reprogrammable 
PROM................... 
.. 
.. 3-77 


32,768 x 8 Reprogrammable 
Registered PROM ........•.............................. 
3-83 


7C279 
7C281 
7C282 
7C285 
7C286 
7C287 
7C289 
7C291 
7C29lA 
7C292 
7C292A 
7C293A 
7C330 
7C331 
7C332 
7C340 EPLD Family 
7C341 
7C342 
7C343 
7C344 
7C361 
7C401 
7C402 
7C403 
7C404 
7C408A 
7C409A 
7C42O 
7C421 
7C424 
7C425 
7C428 
7C429 
7C432 
7C433 
7C439 
7C441 
7C443 
7C451 
7C453 
7C460 
7C462 
7C464 
7C470 
7C472 
7C474 
7C51O 
7C516 
7C517 
7C60lA 
7C602A 
7C604A 


32,768 x 8 Reprogrammable 
Registered PROM........................... 
. 
3-83 
1024 x 8 PROM 
......................................•............. 
. 
3-92 


1024 x 8 PROM 
. .. 3-92 


65,536 x 8 Reprogrammable 
Fast Column Access PROM 
. 
3-101 
65,536 x 8 Reprogrammable 
Registered PROM. 
. . . . . . . . . . . . . . . . . . . . . . . . 
3-108 


65,536 x 8 Reprogrammable 
Registered PROM 
3-108 


65,536 x 8 Reprogrammable 
Fast Column Access PROM 
3-101 


2048 x 8 Reprogrammable 
PROM 
3-113 
2048 x 8 Reprogrammable 
PROM 
3-120 
2048 x 8 Reprogrammable 
PROM 
3-113 
2048 x 8 Reprogrammable 
PROM 
....................•............................ 
3-120 
2048 x 8 Reprogrammable 
PROM 
3-120 
CMOS Programmable 
Synchronous State Machine 
4-80 


Asynchronous 
Registered EPLD 
4-92 


Registered Combinatorial 
EPLD 
4-104 
Multiple Array Matrix High-Density EPLDs 
4-145 
192-Macrocell MAX EPLD 
....................•................... 
4-154 
128-Macrocell MAX EPLD 
4-165 
64-Macrocell MAX EPLD 
4-178 


32-Macrocell MAX EPLD 
4-190 
Ultra High Speed State Machine EPLD 
.........•.................................. 
4-201 
64 x 4 Cascadeable FIFO 
5-6 


64 x 5 Cascadeable FIFO 
_ 
5-6 


64 x 4 Cascade able FIFO with Output Enable 
5-6 


64 x 5 Cascadeable FIFO with Output Enable 
5-6 
64 x 8 Cascadeable FIFO 
5-16 


64 x 9 Cascadeable FIFO 
. 
5-16 


512 x 9 Cascade able FIFO 
...............•......................................... 
5-30 
512 x 9 Cascadeable FIFO 
,....... 
. 
5-30 


1024 x 9 Cascadeable FIFO 
5-30 
1024 x 9 Cascadeable FIFO 
5-30 
2048 x 9 Cascadeable FIFO 
............................•........................... 
5-30 
2048 x 9 Cascadeable FIFO 
5-30 


4096 x 9 Cascadeable FIFO 
5-45 


4096 x 9 Cascadeable FIFO 
................•..•.................................... 
5-45 
2048 x 9 Bidirectional FIFO 
5-58 


512 x 9 Synchronous FIFO . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . 
. 
5-70 
2K x 9 Synchronous FIFO 
.................•.......•............................... 
5-70 
512 x 9 Cascadeable Clocked FIFO 
5-83 


2K x 9 Cascadeable Clocked FIFO 
. . .. .. . . . . •. . . . . . . . . . . . . • . .. . .. . .. . 
.. 
5-83 
8K x 9 Cascade able FIFO. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . 5-104 


16K x 9 Cascadeable FIFO ......................•.. 
, .. .. .. . . . . .. . . . . .. . 
. . 5-104 
32K x 9 Cascadeable FIFO ......................•..•.............................. 
5-104 
8K x 9 FIFO 
5-116 


16K x 9 FIFO 
5-116 


32K x 9 FIFO 
...........................•....................................... 
5-116 


16 x 16 Multiplier Accumulator 
....•.......•.......•................................ 
6-19 


16 x 16 Multipliers 
...............................•................................ 
6-31 
16 x 16 Multipliers 
............................•..•................................ 
6-31 
32-Bit RISC Processor 
, . . . . . . . . . . 
. 
7-6 


Floating-Point 
Unit 
. 
7-14 
Cache Controller and Memory Management 
Unit 
...........•.................. 
. .. 7-20 


7C605A 


7C611A 
7C901 
7C909 
7C911 
7C91O 
7C9101 
7C9115 
7C9116 
7C9117 
7M194 
7Ml99 
93422A 
93lA22A 
93422 
93lA22 
M1240 
M1420 
M1422 
M1423 
Ml441 
Ml460 
Ml461 
Ml464 
Ml465 
Ml466 
M1471 
Ml481 
M1540 
M1560 
M1610 
M1611 
M1620 
M1621 
M1622 
M1624 
Ml641 
M1720 
M1821 
M1822 
M1828 
M1830 
M1831 
M1832 
M1838 
M1840 
M1841 
M1910 
M1911 
M4210 
M4220 
M4241 


Cache Controller and Memory Management 
Unit 
7-29 


32-Bit RISC Controller 
7-39 
CMOS 4-Bit Slice .....................•.......... 
, 
6-43 
CMOS Microprogram 
Sequencers 
.................•................................ 
6-58 


CMOS Microprogram 
Sequencers 
......•....... 
, ..•.....•.......................... 
6-58 


CMOS Microprogram 
Controller 
..................•.....•.......................... 
6-69 
CMOS 16-Bit Slice .......................•........................................ 
6-80 
CMOS 16-Bit Microprogrammed 
ALU ................•............................. 
6-97 


CMOS 16-Bit Microprogrammed 
ALU 
_ 
6-97 
CMOS 16-Bit Microprogrammed 
ALU 
6-97 


64K x 4 Static RAM Module 
8-192 


32K x 8 Static RAM Module 
..................•.................................... 
8-197 


256 x 4 Static R/W RAM 
2-443 


256 x 4 Static R/W RAM 
2-443 


256 x 4 Static R/W RAM 
2-443 


256 x 4 Static R/W RAM 
.......................•.............................. 
. 2-443 


256K x 4 Static RAM Module 
. 
8-5 
128Kx8 
Static RAM Module............................................ 
. .. 8-10 
128K x 8 Static RAM Module 
8-15 


128K x 8 Static RAM Module 
8-20 


256K x 8 Static RAM Module 
8-25 


512K x 8 Static RAM Module. 
8-30 


512K x 8 Static RAM Module 
8-35 


512K x 8 Static RAM Module 
8--41 


512K x 8 Static RAM Module 
8--46 


512K x 8 Static RAM Module 
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16K x 68 Static RAM Module 
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. 
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16L8 ........•............................................................................................ 
4-26 
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Cypress Semiconductor 
Background 


Cypress Semiconductor was founded in April 1983with the stated 
goal of serving the high-performance 
semIconductor market. ThIs 


market is served by producing 
the highest-performance 
l~te- 


grated circuits using state-of-the-art 
processes and cIrcuIt desl~n. 


Cypress is a complete semiconductor 
manufacturer, 
performIng 


its own process development, circuit design, wafer fabricatIon, as- 
sembly, and text. The company went public in May 1986 and was 
listed on the New York Stock Exchange in October 1988. 
The initial semiconductor 
process, a CMOS process employing 
1.2-micron geometries, was introduced in March 1984.This pro- 
cess is used in the manufacturing 
of Static RAMs and Logic cir- 


cuits. In the third quarter of 1984, a 1.2-micron CMOS EPROM 
process was introduced for the production of programmable prod- 
ucts. At the time of introduction, 
these processes were the most 


advanced production 
processes in the industry. Following the 


1.2-micron processes, a 0.8-micron CMOS SRAM process was im- 
plemented in the first quarter of 1986, and a 0.8-micron EPROM 
process in the third quarter of 1987.To stay at the forefront of pro- 
cess technology, Cypress's I-megabyte SRAM is manufactured 
using its proprietary 
0.65-micron CMOS process. 
In keeping with the strategy of serving the high-performance 
mar- 


kets with state-of-the-art 
integrated circuits, Cypress introduced 


two new processes in 1989. These were a bipolar submicron pro- 
cess, targeted for ECLcircuits, 
and a BiCMOS process to be used 


for most types of TTL and ECL circuits. 
The circuit design technology used by Cypress is also state of the 
art. This design technology, along with advanced process technol- 
ogy, allows Cypress to introduce the fastest; highest-performance 
circuits in the industry. Cypress's products fall into seven families: 
high-speed Static RAMs, PROMS, Erasable Programmable Log- 
ic Devices, Logic, RISC 
microprocessors, 
ECL SRAMs 
and 
PLDs, and module products. Members of the CMOS Static RAM 
family include devices in densities of 64 bits to 1 Mbit, and per- 
formance from 7 ns to 35 ns. The various organizations, 
16 x 4, 


256 x 4 through 1 Mbit x 1,256K x 4, and 128Kx 8 provide optimal 
solutions for applications such as large mainframes, high-speed 
controllers, communications, 
and graphics display. Cypress's BiC- 


MOS family of 64K and 256K SRAMs in 16Kx 4 and 32K x 8 con- 
figurations offers speeds as fast as 8 os. Cypress's CMOS cache 
RAMs include a 4K x 18 cache tag RAM at 12 ns match, a 32K 
x 9 cache RAM with a 14-ns access time, an 8K x 16cache RAM 
with a 25-ns access time, and a 16K x 16cache RAM with a 12-ns 
access time. 
Cypress's CMOS programmable 
products consist of high-speed 


PROMs 
and Erasable 
Programmable 
Logic Devices (EPLDs), 
both employing 
an EPROM 
programming 
element. 
Like the 


high-speed Static RAM family, these products 
are the natural 


choice to replace older devices because they provide superior per- 
formance at one half of the power consumption. PROM densities 
range from 4 to 512 kilobits in byte-wide organization. 
EPLD 


products range from 20 pins to 84 pins with performance 
as fast 


as 156MHz. To support new programmable products, Cypress in- 
troduced 
the QuickPro@ 
programming 
system (CY3000) for 


Pills 
and PROMs, and the PLD ToolKit for PLDs. QuickPro is 


a development tool that includes a single, IBM PC® compatible 
add-on board and a software utility program. The Pill 
ToolKit 


is a software design tool that assembles and simulates logic func- 
tions, generates 
JEDEC 
files, and reverse assembles to create 


source files. Both QuickPro and the PLD ToolKit software are up- 
dated via floppy disk, thereby allowing quick support of all Cy- 
press programmable 
products. 


Logic products include circuits such as 4-bit and 16-bit slices, 16 
x 16 multipliers and 16-bit microprogram mabIe ALUs, a famIly 
of 1KJ2Kx 8 and 4KJ8Kx 8 dual-port SRAMS, as well as a family 
of FIFOs that range from 64 x 4 to 32K x 9. Cypress also offers 
1 
application-specific FIFOs such as the 2K x 9 bidirectional FIFO 
and the 51212Kx 9 clocked FIFO. FIFOs provide the interface be- 
tween digital information paths of widely varying speeds. This al- 
lows the information source to operate at its own intrinsic speed, 
while the results may be processed or distributed at a speed com- 
mensurate with need. 
Until 1988, all Cypress products were TTL I/O--eompatible. 
In 


1989, Cypress introduced 
ECL products 
having access times 


(propagation 
delays) of less than 3.5 ns in either of the popular 


I/O configurations, lOOKor 10KJIOKH. ECL RAMs Include 256 
x 4, 1K x 4, and 16K x 4 RAM families with balanced read/wnte 
cycles. The ECL PLDs are combinatorial 
16P8 and 16P4 devices 


that can be programmed 
on QuickPro and other commercially 


available programming 
tools. Both the RAMs and Pills 
are of- 
fered in low-power versions, reducing operating power by 30 to 
40 percent while achieving 4-ns access times (RAM) and 6-ns tpo 
(Pill). 
The module family consists of both standard and custom modules 
incorporating circuits from the other sixproduct families. This ca- 
pability provides a fast, low-risk solution for designs requiring the 
ultimate in system performance 
and density. SRAM and FIFO 


module configurations 
are available depending 
on height and 


board real estate constraints. 
Modules include Single-In-Line, 


Dual-In-Line, Dual Single-In-line, Vertical Dual-In-Line, 
Quad- 
In-Line, and (Staggered) Zig-Zag-In-Line 
packages. 


Cypress's CY7C600 family of RISC microprocess?r products "ro- 
vides state-of-the-art 
high-performance 
computIng 
for applIca- 


tions ranging from UNIX-based business computers and worksta- 
tions to embedded 
controls. 
Based on the 
SPARC® 
RISC 


architecture, the family provides a complete solution with Integer 
Unit 
(lU), 
Floating-Point 
Unit 
(FPU), 
Cache 
Control 
and 


Memory 
Management 
Unit 
(CMU), 
and 
Cache 
RAMs 


(CRAMs). The family is functionally partitioned 
to proVlde a 


range of features, performance, 
and price to suit each type of 


application. 
Situated in California's Silicon Valley (San Jose) and Round Rock 
(Austin), Texas, Cypress houses R&D, design, wafer fabrication, 
assembly, and administration. 
The facilities are designed to the 


most demanding 
technical and environmental 
specifications in 


the industry. At the Texas facility, the entire wafer fabrication area 
is specified to be a Class 1environment. This means that the ambi- 
ent air has less than 1particle of greater than 0.2 microns in diam- 
eter per cubic foot of air. Other environmental 
considerations are 


carefully insured: temperature 
is controlled 
to a ± 0.2 degree 


Fahrenheit 
tolerance; filtered air is completely exchanged more 


than 10times each minute throughout the fab; and critical equip- 
ment is situated on isolated slabs to minimize vibration. 
Attention 
to assembly is equally as critical. Cypress assembles 


80% of its packages in the United States at its San Jose, California 
plant. Assembly is completed in a clean room until the silicon die 
is sealed in a package. Lead frames are handled in carriers or cas- 
settes through the entire operation. 
Automated 
robots remove 


and replace parts into cassettes. Using sophisticated 
automated 


equipment, parts are assembled and tested in less than five days. 
The Cypress assembly line is the most flexible, automated line in 
the United States. 
The Cypress motto has always been "only the best-the 
best faci- 


lities, the best equipment, 
the best employees ... 
all striving to 


make the best CMOS, BiCMOS, and bipolar products. 


Cypress Process Technology 


In the last decade, there has been a tremendous 
need for high- 


performance 
semiconductor 
products manufactured 
with a bal- 
ance of SPEED, RELIABILITY, 
and POWER. 
Cypress Semi- 


conductor 
has overcome 
the classically held perceptions 
that 


CMOS is a moderate-performance 
technology. 
Cypress initially introduced 
a 1.2-micron "N" well technology 


with double-layer poly and a single-layer metal. The process em- 
ploys lightly doped extensions of the heavily doped source and 
drain regions for both "N" and "P" channel transistors for signifi- 
cant improvement 
in gate delays. Further improvements 
in per- 


formance, through the use of substrate bias techniques, have add- 
ed the benefit 
of eliminating 
the input and output 
latch-up 


characteristics associated with the older CMOS technologies. 


Cypress pushed process development 
to new limits in the areas 


of PROMs (Programmable 
Read Only Memory) and EPLDs (Er- 


aseable Programmable Logic Devices). Both PROMs and EPLDs 
have existed since 
the early 19705 in a bipolar 
process that 


employed vanous fuse technologies and was the only viable high- 
speed nonvolatile process available. Cypress PROMs and EPLDs 
use EPROM 
technology, which has also been in use in MOS 


(Metal Oxide Silicon) also since the early 19705.EPR OM technol- 
ogy has traditionally emphasized density advantages while forsak- 
ing performance. 
Through 
improved technology, 
Cypress has 
produced 
the 
first 
high-performance 
CMOS 
PROMs 
and 


EPLDs, replacing their bipolar counterparts. 


To maintain our leadership position in CMOS technology, Cy- 
press has Introduced 
a sub-mIcron technology into production. 
This D.8 micron breakthrough 
makes Cypress's CMOS one of the 


most advanced production 
processes in the world. The drive to 
maintain leadership in process technology has not stopped with 
the D.8-mlcron deVIces. Cypress will bring a D.65-micron process 
to production 
in 1991 with the introduction 
of its I-megabyte 
SRAM. 


To further enhance the technology from the reliability direction, 
Impro~e~ents 
have been incorporated 
in the process and design, 
minimizing electrostatic discharge and input signal clipping prob- 
lems. 


Finally, although not a requirement 
in the high-performance 
are- 


na, CMOS technology substantially reduces the power consump- 
tI.on for any deVIce. This improves reliability by allowing the de- 
~ce to operate at a !ower die temperature. 
Now higher levels of 


integration 
are possible without trading performance 
for power. 


IBM PC is a registered trademark of International 
Business Corporation. 
QUlckPro IS a trademark of Cypress Semiconductor 
Corporation. 


SPARC ISa regIstered trademark of SPARC International, 
Inc. 


For instance, devices may now be delivered in plastic packages 
without any impact on reliability. 
While addressing the performance 
issues of CMOS technology, 


Cypress has not ignored the quality and reliability aspects of tech- 
nology development. 
Rather, the traditional failure mechanisms 


of electrostatic 
discharge 
(ESD) and latch-up 
have been 
ad- 


dressed and solved through process and design technology inno- 
vation. 


ESD-induced failure has been a generic problem for many high- 
performance 
MOS and bipolar products. Although in its earliest 


years, MOS technology experienced oxide reliability failures, this 
problem 
has largely been eliminated 
through 
improved oxide 


growth techniques and a better understanding 
of the ESD prob- 


lem. The effort to adequately protect against ESD failures is per- 
turbed by circuit delays associated with ESD protection circuits. 
Focusing on these constraints, Cypress has developed ESD pro- 
tection circuitry specific to 1.2- and D.8-micron CMOS process 
technology. Cypress products are designed to withstand voltage 
and energy levels in excess of 2001 volts and D.4 milli-joules. 
Latch-up, a traditional 
problem with CMOS technologies, 
has 


been eliminated 
through 
the use of substrate 
bias generation 


teChniques, the elimination of the "P" MOS pull-ups in the output 
dTlvers, the use of guardring structures and care in the physical 
layout of the products. 


Cypress has also developed additional process innovations and 
enhancements: 
the use of multilayer metal interconnections, 
ad- 


vanced metal deposition 
techniques, 
silicides, exclusive use of 


plasma for etching and ashing process steps, and 100percent step- 
per technology with the world's most advanced equipment. 


A wholly owned subsidiary of Cypress, Aspen Sem iconductor, has 
developed a BiCMOS technology to augment the capabilities of 
the Cypress CMOS processes. The new BiCMOS technology is 
based on the Cypress D.8-micron CMOS process for enhanced 
manufacturability. Like CMOS, the process is scalable, to take ad- 
vantage of finer line lithography. Where speed is critical, Cypress 
BICMOS allows increased transistor performance. 
It also allows 


red~ced power in the non-speed critical sections of the design to 
optimIze the speed/power balance. The BiCMOS process makes 
memories and logic operating up to 400 MHz possible. 


Cypress technologies have been carefully designed, creating prod- 
ucts that are "only the best" in high-speed, excellent reliability, 
and low power. 


Size 
Organization 
Pins 
Part Number 
Speed (ns) 
IcclIsBlIccDR 
Packages 
Availability 
(mA@n.) 


64 
16x4-lnverting 
16 
CY7C189 
tAA = 15,25 
55@25 
D,L,P 
Now 


64 
16x4-Non-Inverting 
16 
CY7C190 
tAA = 15,25 
55@25 
D,L,P 
Now 


64 
16x4-lnverting 
16 
CY74S189 
tAA = 35 
90@35 
D,P 
Now 


64 
16x4-lnverting 
16 
CY27S03A 
tAA = 25,35 
90@25 
D,L,P 
Now 


64 
16x4-Non-Inverting 
16 
CY27S07A 
tAA = 25,35 
90@25 
D,L,P 
Now 
64 
16 x 4 - Inverting Low Power 
16 
CY27LS03M 
tAA = 65 
38@65 
D,L 
Now 


1K 
256x4 
22 
CY7C122 
tAA = 15,25,35 
60@25 
D,L,p,S 
Now 


1K 
256x4 
24S 
CY7C123 
tAA = 7,9,10,12,15 
120@7 
D,L,p,V 
Now 


1K 
256x4 
22 
CY9122191L22 
tAA= 25,35,45 
120@25 
D,P 
Now 


1K 
256x4 
22 
CY93422A/93L422 
tAA = 35,45,60 
80@45 
D,L,P 
Now 
4K 
4Kx 1-CS 
Power-Down 
18 
CY7C147 
tAA =25,35,45 
80/10@35 
D,L,P,S 
Now 
4K 
4Kx 1-CS 
Power-Down 
18 
CY2147/21L47 
tAA = 35,45,55 
125/25@35 
D,P 
Now 


4K 
lKx4-CSPower-Down 
18 
CY7C148 
tAA = 25,35,45 
80/10@35 
D,L,P,S 
Now 


4K 
lKx4-CSPower-Down 
18 
CY214812lL48 
tAA = 35,45,55 
120/20@35 
D,P,S 
Now 


4K 
1Kx4 
18 
CY7C149 
tAA = 25,35,45 
80@35 
D,L,P,S 
Now 


4K 
1Kx4 
18 
CY2149/21L49 
tAA = 35,45,55 
120@35 
D,P 
Now 


4K 
lKx4 -Separate 
I/O, Reset 
24S 
CY7C150 
tAA = 10,12,15,25,35 
90@12 
D,L,p,S 
Now 


8K 
lKx8-Dual 
Port Master 
48 
CY7C130 
tAA = 25,35,45,55 
170@25 
D,L,P 
Now 


8K 
1Kx8-Dual 
Port Slave 
48 
CY7C140 
tAA = 25,35,45,55 
170@25 
D,L,P 
Now 


8K 
1Kx8- 
Dual Port Master 
52 
CY7C131 
tAA = 25,35,45,55 
170@25 
L,J 
Now 


8K 
1Kx8-Dual 
Port Slave 
52 
CY7C141 
tAA = 25,35,45,55 
170@25 
L,J 
Now 


16K 
2Kx8-CSPower-Down 
24S 
CY7C128 
tAA = 35,45,55 
90/20@55 
D,L,p,V 
Now 


16K 
2Kx8-CSPower-Down 
24 
CY7C128A 
tAA = 20,25,35,45,55 
90/20@55 
D,L,P,V 
Now 
16K 
2Kx8-CSPower-Down 
24 
CY6116 
tAA = 35,45,55 
120/20@55 
D,L 
Now 
16K 
2Kx8-CSPower-Down 
24 
CY6116A 
tAA = 20,25,35,45,55 
80/20@55 
D,L 
Now 


16K 
2Kx8-CSPower-Down 
32 
CY6117A 
tAA = 20,25,35,45,55 
80/20@55 
L 
Now 
16K 
16Kx1-CSPower-Down 
20 
CY7C167 
tAA = 35,45 
50/15@25 
D,L,P,V 
Now 


16K 
16Kx1-CSPower-Down 
20 
CY7C167A 
tAA= 15,20,25,35,45 
50/15@45 
D,L,P,V 
Now 


16K 
4Kx4-CSPower-Down 
20 
CY7C168 
tAA = 35,45 
90/15@25 
D,L,P,V 
Now 


16K 
4Kx4-CSPower-Down 
20 
CY7C168A 
tAA = 15,20,25,35,45 
70/15@45 
D,L,P,V 
Now 


16K 
4Kx4 
20 
CY7C169 
tAA = 35,40 
90@25 
D,L,P,V 
Now 


16K 
4Kx4 
20 
CY7C169A 
tAA = 15,20,25,35,45 
70@45 
D,L,p,V 
Now 
16K 
4Kx4 -Output 
Enable 
22S 
CY7C170 
tAA = 35,45 
90@45 
D,L,P,V 
Now 


16K 
4Kx4-0utputEnable 
22S 
CY7C170A 
tAA = 15,20,25,35,45 
90@45 
D,L,P,V 
Now 


16K 
4Kx4-Separatel/0 
24S 
CY7Cl71 
tAA= 35,45 
90/15@25 
D,L,P,V 
Now 
16K 
4Kx4-Separatel/0 
24S 
CY7Cl71A 
tAA = 15,20,25,35,45 
90@45 
D,L,P,V 
Now 
16K 
4Kx4-Separatel/0 
24S 
CY7Cl72 
tAA = 35,45 
90/15@25 
D,L,P,S 
Now 


16K 
4Kx4-Separatel/0 
24S 
CY7CI72A 
tAA = 15,20,25,35,45 
90@45 
D,L,P,V 
Now 


16K 
2Kx8 - Dual Port Master 
48 
CY7C132 
tAA = 25,35,45,55 
170@25 
D,L,P 
Now 


16K 
2Kx8-Dual 
Port Slave 
48 
CY7C142 
tAA = 25,35,45,55 
170@25 
D,L,P 
Now 


16K 
2K x 8 - Dual Port Master 
52 
CY7C136 
tAA = 25,35,45,55 
170@25 
L,J 
Now 


16K 
2K x 8 - Dual Port Slave 
52 
CY7C146 
tAA = 25,35,45,55 
170@25 
L,J 
Now 


32K 
4Kx8- 
Dual Port, No Arbitration 
48 
CY7B134 
tAA = 20,25,35 
240 
D,P,J,L 
2Q91 


32K 
4Kx8-Dual 
Port, wlSemaph 
52 
CY7B1342 
tAA = 20,25,35 
240 
J,L 
2Q91 


32K 
4Kx 8 - Dual Port, No Arbitration 
52 
CY7B135 
tAA = 20,25,35 
240 
J,L 
2Q91 


32K 
4Kx8-Dual 
Port, w/Semaph, 
Busy, Int 
68 
CY7B138 
tAA = 15,25,35 
260 
G,J,L 
2Q91 


64K 
8Kx8 - Dual Port, w/Semaph, 
Busy, Int 
68 
CY7B144 
tAA = 15,25,35 
260 
G,J,L 
2Q91 


64K 
8Kx8-CSPower-Down 
28S 
CY7B185 
tAA = 10,12,15 
140/40@12 
D,P,V 
Now 


64K 
8Kx8-CSPower-Down 
28 
CY7B186 
tAA = 12,15 
140/40@12 
D,P,V 
Now 


64K 
8Kx8-CSPower-Down 
28S 
CY7C185A 
tAA = 20,25,35,45 
120/20@15 
D,L,P,V 
Now 


64K 
8Kx8-CS 
Power-Down 
28 
CY7C186A 
tAA = 20,25,35,45 
120/20@15 
D,P 
Now 


64K 
16Kx4-CSPower-Down 
22S 
CY7B164 
tAA = 10,12 
130/40@10 
D,P,V 
Now 


64K 
16Kx4 -CS 
Power-Down 
22S 
CY7C164A 
tAA = 20,25,35,45 
115/40@20 
D,L,P,V 
Now 


64K 
16Kx4 -Linear 
Decode with 5 CSs 
28S 
CY7B160 
tAA = 10,12,15 
120/40@12 
L,V 
Now 


64K 
16Kx4 -Output 
Enable 
24S 
CY7B166 
tAA = 10,12 
130/40@10 
D,p,V 
Now 


64K 
16Kx4-0utput 
Enable 
24S 
CY7C166A 
tAA = 15,20,25,35,45 
115/40@15 
D,L,P,V 
Now 


64K 
16Kx4 -Separate 
1/0, 1ransparent 
28S 
CY7B161 
tAA = 10,12 
130/40@10 
D,P,V 
Now 
Write 


64K 
16Kx4-Separate 
1/0 
28S 
CY7B162 
lAA = 10,12 
130/40@10 
D,P,V 
Now 


64K 
16Kx4-Separate 
I/O, 1ransparent 
285 
CY7C161A 
tAA = 15,20,25,35,45 
115/40@15 
D,L,P,V 
Now 
Write 
64K 
16Kx4-5eparatel/0 
285 
CY7C162A 
tAA = 15,20,25,35,45 
115/40@15 
D,L,P,V 
Now 


• 


Size 
Organization 
Pins 
Part Number 
Speed (ns) 
IcclsB"cCDR 
Packages 
Availability 


(mA@ns) 


64K 
64Kx I-CSPower-Down 
22S 
CY7CI87A 
tAA = 15,20,25,35,45 
90/40@15 
D,L,P,V 
Now 
12K 
8Kx9 
28S 
CY7C182 
tAA = 25,35,45,55 
140/35@25 
D,P,V 
Now 


76K 
4Kx 18-CacheThg, 
Multiprocessing 
68 
CY7CI80 
tMATCH= 12,15,20 
250@12 
G,J,L 
2Q91 


76K 
4Kx 18-CacheThg, 
Uniprocessing 
68 
CY7CI81 
tMATCH= 12,15,20 
250@12 
G,J,L 
2Q91 
128K 
8Kx 16-Addresses 
Latched exceptA12 
52 
CY7CI83 
tAA = 25,35,45 
220@25 
J 
Now 
128K 
8Kx 16-Addresses 
Latched 
52 
CY7C184 
tAA = 25,35,45 
220@25 
J 
Now 


256K 
16Kx 16-SPARCCacheRAM 
52 
CY7CI57 
tAA = 20,24,33 
250 
J,L 
Now 


256K 
16Kx 16 -Cache 
52 
CY7C155 
tAA = 12,15,20 
200@12 
J,L 
3Q91 
256K 
16Kx 16-Cache 
52 
CY7CI56 
tAA = 12,15,20 
200@12 
J,L 
3Q91 
256K 
32Kx8-CS 
Power-Down 
28 
CY7CI98 
tAA = 25,35,45,55 
170/35@25 
L 
Now 
256K 
32Kx8-CS 
Power-Down 
28S 
CY7CI99 
tAA = 25,35,45,55 
170/35@25 
D,L,P,V 
Now 
256K 
32Kx8-CS 
Power-Down 
28 
CY7B198 
tAA = 12,15,20 
155@12 
L 
3Q91 


256K 
32Kx8-CS 
Power-Down 
28S 
CY7B199 
tAA = 12,15,20 
155@12 
P,Y,D 
3Q91 


256K 
64Kx4-CS 
Power-Down 
24S 
CY7C194 
tAA = 25,35,45 
120/35@25 
D,L,P,V 
Now 


256K 
64Kx4 -CS 
Power Down with DE 
28S 
CY7C196 
tAA = 25,35,45 
120/35@25 
D,L,P,V 
Now 
256K 
64Kx4 -Separate 
liD, Transparent 
Write 
28S 
CY7CI91 
tAA = 25,35,45 
120/35@25 
D,L,P,V 
Now 
256K 
64Kx4-Separatell0 
28S 
CY7CI92 
tAA = 25,35,45 
120/35@25 
D,L,p'V 
Now 
256K 
64Kx4 -Common 
liD, linear 
Decode 
28S 
CY7BI53 
tAA = 12,15,20 
135@12 
P,V,D,L 
4Q91 


256K 
64Kx4 -Common 
liD, linear 
Decode 
28S 
CY7B154 
tAA = 12,15,20 
135@12 
P'Y,D,L 
4Q91 


256K 
64Kx4 -Separate 
1I0,nansparent 
Write 
28S 
CY7B191 
tAA = 12,15,20 
135@12 
P,V,D,L 
4Q91 


256K 
64Kx4-Separatell0 
28S 
CY7B192 
tAA = 12,15,20 
135@12 
P,Y,D,L 
4Q91 


256K 
64Kx4 -CS 
Power-Down 
24S 
CY7B194 
tAA = 12,15,20 
135@12 
P,V,D,L 
3Q91 
256K 
64Kx4 -CS 
Power-Down wiDE 
28S 
CY7BI95 
tAA = 12,15,20 
135@12 
P,V,D,L 
3Q91 
256K 
64Kx4 -CS 
Power-Down w/OE,Second 
CS 
28S 
CY7Bl96 
tAA = 12,15,20 
135@12 
P,V,D,L 
3Q91 
256K 
64Kx4 -CS 
Power-Down wiDE 
28S 
CY7CI95 
tAA = 25,35,45 
120/35@25 
P,V,D,L 
Now 
256K 
256Kx I-CommonllOw/OE 
24S 
CY7BI93 
tAA = 12,15,20 
1l0@12 
P,Y,D,L 
4Q91 
256K 
256Kx l-CS 
Power-Down 
24S 
CY7BI97 
tAA = 12,15,20 
1l0@12 
P,Y,D,L 
3Q91 
256K 
256Kx 1-CS 
Power-Down 
24S 
CY7CI97 
tAA = 25,35,45 
100/35@25 
P'Y,D,L 
Now 


256K 
256Kx 1- linear 
Decode 
28S 
CY7Bl63 
tAA = 12,15,20 
110@12 
P'Y,D,L 
4Q91 


288K 
32K x 9 - Cache, 486 Burst Mode 
44 
CY7C173 
tAA = 14,18,21 
250@14 
J,L 
3Q91 


288K 
32K x 9-Cache, 
linear 
Burst Mode 
44 
CY7C174 
tAA = 14,18,21 
250@14 
J,L 
3Q91 
1M 
128Kx8-CS 
Power-Down 
32 
CY7ClO8 
tAA = 25,35,45 
160@25 
L 
3Q91 
1M 
128Kx8-CSPower-Down 
32 
CY7ClO9 
tAA = 25,35,45 
160@25 
V,D 
2Q91 
1M 
256Kx4-CS 
Power-Down wiDE 
28 
CY7CI06 
tAA = 25,35,45 
130@25 
V,D,L 
3Q91 
1M 
256Kx4-Separale 
liD, Transparent 
Write 
32 
CY7ClOI 
lAA = 25,35,45 
130@25 
D,L 
3Q91 
1M 
256Kx4-Separate 
110 
32 
CY7ClO2 
tAA = 25,35,45 
130@25 
V,D,L 
3Q91 
1M 
1Mxl-CSPower-Down 
28 
CY7ClO7 
tAA = 25,35,45 
130@25 
V,D,L 
3Q91 


Size 
Organization 
Pins 
Part Number 
Speed (ns) 
lEE 
Packages 
Availability 


1K 
256x4-10K/IOKH 
24.4 
CY10E422 
tAA = 5 
220 
D,L,K,Y 
Now 
1K 
256x4-10K/IOKH 
24.4 
CY10E422L 
tAA=5,7 
150 
D,L,J,K 
Now 
IK 
256x4-100K 
24.4 
CY100E422 
tAA = 5 
220 
D,L,K,Y 
Now 


1K 
256x4-100K 
24.4 
CY100E422L 
tAA=5,7 
150 
D,L,J,K 
Now 
4K 
4Kx1-10K 
18.3 
CY10E470 
tAA = 5,7 
200 
D 
Now 
4K 
4Kxl-100K 
18.3 
CYlOOE470 
tAA = 5, 7 
200 
D 
Now 
4K 
1024x4-10K/IOKH 
24.4 
CYIOE474 
tAA=4,5 
275 
D,L,K,Y 
Now 
4K 
1024x4-10K/IOKH 
24.4 
CYIOE474L 
tAA=5,7 
190 
D,L,J,K 
Now 
4K 
1024x4-100K 
24.4 
CY100E474 
tAA = 3.5,5 
275 
D,L,K,Y 
Now 


4K 
1024x4-100K 
24.4 
CY100E474L 
tAA=5,7 
190 
D,L,J,K 
Now 
16K 
4Kx4-10K/10KH 
28.4 
CY10E484 
tAA = 5 
320 
D,K 
4Q91 
16K 
4Kx4-10K/IOKH 
28.4 
CYlOE484L 
tM = 7, 8 
180 
D,K 
4Q91 
16K 
4Kx4-100K 
28.4 
CYI01E484 
tAA = 5 
320 
D,K 
4Q91 
16K 
4Kx4-100K 
28.4 
CYlOOE484L 
tM = 7,8 
180 
D,K 
4Q91 


64K 
16Kx4-1OK/IOKH 
28.4 
CYIOE494 
lAA = 7,8,10 
190 
D,K,V 
Now 
64K 
16Kx4-1OK/IOKH 
28.4 
CYIOE494L 
tAA= 12 
135 
D,K,V 
Now 
64K 
16Kx4-100K 
28.4 
CY101 E494 
tAA = 7,8,10 
190 
D,K,V 
Now 
64K 
16Kx4-100K 
28.4 
CYIOOE494L 
tAA = 12 
135 
D,K,V 
Now 


Siu 
Organization 
Pins 
Part Number 
Speed (ns) 
IcclIsB/IcCDR 
Packages 
Availability 


(rnA@nf) 


256K 
64Kx4-SRAM(JEOEC) 
24 
CY7M194 
lAA= 12,15 
325@10 
HO 
Now 


256K 
64Kx4-SRAM(JEDEC) 
24 
CYMI220 
tAA= 12,15 
325@10 
HD 
Now 


256K 
32Kx8-SRAM(JEDEC) 
28 
CY7M199 
tAA= 12,15 
375@10 
HD 
Now 


256K 
32Kx8-SRAM(JEDEC) 
28 
CYM1400 
lAA= 12,15 
375@10 
HD 
Now 
256K 
16Kx 16-SRAM(JEDEC) 
40 
CYM1610 
lAA= 12,15 
550@12 
HD 
Now 
lAA= 20,25,35,45,50 
330@20 
HD 
Now 


256K 
16Kx16-SRAM 
36 
CYMI611 
lAA= 12,15 
550@12 
HY,PV 
Now 
lAA= 20, 25,30,35,45 
330@20 
HY,PV 
Now 
512K 
16Kx 32-SRAM(JEOEC) 
64 
CYM1821 
lAA= 12,15 
960@12 
PZ,PM 
Now 


lAA= 20,25,30,35,45 
nO@25 
PZ,PM 
Now 


512K 
16Kx32-SRAM 
88 
CYM1822 
lAA= 12,15 
960@12 
HV 
Now 


lAA= 20,25,30,35,45 
nO@25 
HV 
Now 
768K 
32Kx24-SRAM 
56 
CYMlnO 
lAA= 25,30,35 
330@25 
PZ 
Now 


1M 
256Kx4-SRAM(JEDEC) 
28 
CYM1240 
lAA= 25,30,35,45 
480@25 
HD 
Now 


1M 
128Kx8-SRAM(JEDEC) 
32 
CYM1420 
lAA= 25,30,35,45,55 
210@30 
HD,PO 
Now 
1M 
128Kx8-SRAM 
30 
CYM1422 
lAA= 35,45,55 
2oo@35 
PS 
Now 
1M 
128Kx8-SRAM(JEDEC) 
32 
CYM1423 
lAA= 45,55,70 
210@45 
PD 
Now 
1M 
32Kx32-SRAM 
66 
CYM1828 
lAA= 35,45,55,70 
400@45 
HG 
Now 
1M 
64Kx 16-SRAM(JEDEC) 
40 
CYM1620 
lAA= 25,30,35,45,55 
340@25 
HD,PO 
Now 


1M 
64KxI6-SRAM 
40 
CYM1621 
tAA= 20,25,30,35,45 
1250@20 
HD 
Now 
1M 
64Kx 16-SRAM 
40 
CYM1622 
lAA= 25,30,35,45 
400@25 
HV 
Now 
1M 
64Kx 16-SRAM 
(JEDEC) 
40 
CYM1624 
lAA = 25,35,45 
5OO@25 
PV 
Now 


1M 
16Kx68-SRAM, 
Regislered 
Address 
104 
CYM1910 
tAA= 25,35,45 
19OO@25 
PV 
Now 
1M 
16Kx68-SRAM, 
Latched Address 
104 
CYMI911 
tAA= 25,35,45 
19OO@25 
PV 
Now 
2M 
256Kx8-SRAM(JEDEC) 
60 
CYM1441 
tAA= 25,35,45 
960@25 
PZ 
Now 
2M 
64Kx32-SRAM 
60 
CYM1830 
tAA= 25,30,35,45,55 
880@25 
HD 
Now 


2M 
64Kx32-SRAM(JEDEC) 
64 
CYM1831 
tAA= 20,25,30,35,45 
nO@20 
PZ,PM 
Now 
2M 
64Kx32-SRAM 
60 
CYMI832 
lAA= 25,35,45,55 
980@25 
PZ 
Now 


2.25M 
256Kx9-SRAM 
44 
CYM1540 
tAA= 30,35,45 
1125@30 
PS,PF 
Now 


4M 
512Kx8-SRAM(JEDEC) 
32 
CYM1466 
tAA= 35,45,55,70,85, 
350@35 
HD 
lQ91 
100,120 
184@55 
84@100 


4M 
512Kx8-SRAM 
36 
CYM1460 
lAA= 35,45,55,70 
625@35 
PF,PS 
Now 


4M 
512Kx8-SRAM 
36 
CYM1461 
lAA= 70,85,100 
150@70 
PF,PS 
Now 


4M 
512Kx8-SRAM(JEOEC) 
32 
CYM1464 
lAA= 35,45,55,70 
3OO@35 
PO 
Now 


4M 
512Kx8-SRAM(JEDEC) 
32 
CYM1465 
lAA= 85, 100, 120, 150 
110@85 
PO 
Now 


4M 
256Kx16-SRAM 
40 
CYM1644 
lAA= 25,30,35,45 
480@25 
PV 
lQ91 


4M 
256Kx16-SRAM 
48 
CYM1641 
lAA= 25,30,35,45,55 
1800@25 
HO 
Now 


8M 
256Kx32-SRAM 
60 
CYM1840 
tAA= 25,30,35,45,55 
1120@25 
HD,PO 
lQ91 


8M 
256Kx32-SRAM(JEDEC) 
64 
CYM1841 
tAA= 25,30,35,45,55 
960@25 
PZ,PM 
Now 


8M 
IMx8-SRAM 
36 
CYMI471 
tAA= 85,100,120 
110@85 
PS 
lQ91 


9M 
IMx9-SRAM 
44 
CYM1560 
tAA= 30,35,45 
1200@30 
PS 
lQ91 


16M 
2Mx8-SRAM 
36 
CYM1481 
tAA= 85,100,120 
110@85 
PF,PS 
Now 


Siu 
Organization 
Pins 
Part Number 
Speed (ns) 
1cclIsBIIcCDR 
Packages 
Availability 


(mA@ns) 


4K 
512 x8 - Regislered 
24S 
CY7C225 
lSAIco = 25/12,30115 
90 
O,L,P 
Now 


8K 
1024 x 8 - Registered 
24S 
CY7C235 
lSAIco = 25/12,30/15 
90 
O,L,P 
Now 


8K 
lKx8 
24S 
CY7C281 
lAA = 30,45 
90 
D,L,P 
Now 


8K 
lKx8 
24 
CY7C282 
tAA = 30,45 
90 
D,L,P 
Now 
16K 
2Kx8-Registered 
24S 
CY7C245/L 
lSAICO= 25/12,35/15 
100,60 
O,L,P'Q,W,S 
Now 
16K 
2Kx8-Registered 
24S 
CY7C245A/ 
lSAIco = 15/10,18/12 
60@35 
O,L,P'Q,W,S 
Now 
16K 
2Kx8 
24S 
CY7C2911L 
lAA = 35,40 
90,60 
O,L,P,Q,W,S 
Now 
16K 
2Kx8 
24S 
CY7C291AIL 
tAA = 25,30,35,50 
60@35 
O,L,P,Q,W,S 
Now 


16K 
2Kx8 
24 
CY7C2921L 
tAA = 35,50 
90,60 
D,P 
Now 


16K 
2Kx8-CSPower-Oown 
24S 
CY7C293AIL 
tAA = 25,30,35,50 
60/15@35 
D,L,P,Q,W,S 
Now 


64K 
8Kx8-CSPower-Oown 
24S 
CY7C261 
lAA = 20,25,30, 
35,4045,55 
100/30 
D,L,P,Q,W,S 
Now 


64K 
8Kx8 
24S 
CY7C263 
lAA = 20,25,30, 
35,40,45,55 
100 
O,L,P'Q,W,S 
Now 


64K 
8Kx8 
24 
CY7C264 
lAA = 20,25,30, 
35,40,45,55 
100 
O,P 
Now 


64K 
8Kx8-Re.istered 
28S 
CY7C265 
lSAIm = 40/20,15/12 
80 
O,L,P,Q,W,S 
Now 


• 


5ire 
Organization 
Pins 
Part Number 
5peed(ns) 
IccllsBllcCDR 
Packages 
Availability 


(mA@ni) 


64K 
8Kx8-EPROMPinout 
28 
CY7C266 
tAA = 20,25,35,45,55 
80/15 
D,L,P,Q.W 
Now 
64K 
8Kx 8 - Registered, 
Diagnostic 
285 
CY7C269 
tSNco = 40/20,50/25 
100 
D,L,P,Q, 
W,5 
Now 
64K 
8Kx 8 - Registered, 
Diagnostic 
32 
CY7C268 
tSNCO = 40/20,50125 
100 
D,L,Q,W 
Now 
128K 
16Kx8-CSPower-Down 
285 
CY7C251 
tAA= 45,55,65 
100/30 
D,L,P.Q,W 
Now 
128K 
16Kx8 
28 
CY7C254 
tAA= 45,55.65 
100 
D,P 
Now 
256K 
32Kx 8 -CS 
Power-Down 
285 
CY7C271 
tAA= 35,45.55,65 
100/30 
D.L,P,Q,W 
Now 
256K 
32Kx8-EPROMPinout 
28 
CY7C274 
tAA= 35.45,55 
120/30 
D.L,P,Q,W 
Now 
256K 
32Kx 8 - Registered 
285 
CY7C277 
tSNCO = 40120 
120/30 
D,L,P,Q.W 
Now 
256K 
32Kx8-Latched 
28 
CY7C279 
tAA = 35.45,55 
120 
D,L,P,Q.W 
Now 
512K 
64Kx8 
28 
CY7C286 
tAA = 60 
120140 
Q,W 
Now 
512K 
64 K x 8 - Registered 
285 
CY7C287 
tco = 20 
180 
Q,W 
Now 
512K 
64Kx8withALE 
285 
CY7C285 
tAA= 65120 
180 
Q,W 
Now 
512K 
64Kx8withALE 
325 
CY7C289 
tAA= 65/20 
180 
Q,W 
Now 


5ire 
Organization 
Pins 
Part Number 
5peed(ns) 
Icc"sBlcCDR 
Packages 
Availa· 


(mA@ns) 
bility 


PALZO 
16L8 
20 
PALC16L8IL 
tpD = 20 
70,45 
D,L,P,Q.V,W 
Now 
PALZO 
16R8 
20 
PALC16R81L 
tSiCO= 15/12 
70,45 
D,L,P,Q,V,W 
Now 
PALZO 
16R6 
20 
PALC16R6/L 
tpD/SiCO= 20120/15 
70,45 
D,L,P,Q,V,W 
Now 
PALZO 
16R4 
20 
1'ALC16R41L 
tpD/SiCO= 20120/15 
70,45 
D,L,1',Q.V,W 
Now 
1'LD20 
18G8-Generic 
20 
1'LDC18G8 
tpD/SiCO= 1218/10 
90nO 
D,L,1',Q.V,W.J 
Now 
PLD24 
22V10-Macrocell 
245 
1'ALC22VlOIL 
tpOISICO= 25/15115.20112112 
90,55 
D,L,1',Q,W,J 
Now 
PLD24 
22VlO - Macrocell 
245 
1'ALC22V108 
tpOISICO= 15/10/10 
90 
D,L,P'Q,W,J,H 
Now 
PLD24 
22V10 - Macroccll 
245 
PAL22VlOC 
tpD/SiCO= 7.5,13/6,1013.6n.5, 
190 
D,L,1',J 
Now 


12/4.519.5 


PLD24 
22V1'lO-Macrocell 
245 
PAL22V1'1OC 
tpD/SiCo= 7.5,1316,1013.6n.5, 
190 
D,L,1',J 
Now 


1214.519.5 


PLD24 
20G10-Gcncric 
245 
1'LDC20G10 
tpo/SiCo = 25115115 
55 
D,L.1',Q,W,J 
Now 
PLD24 
2OG10-Gcneric 
245 
1'LDC20G108 
tpD/SiCO= 15112110 
70 
D,L,1',Q.W,J,H 
Now 
PLD824 
20G 10 - Generic 
245 
1'LDC20GlOC 
tpD/SiCO= 1013.6n.5.1214.519.5 
190 
D,L,1',J 
2Q91 
PLD24 
20RA10 - Asynchronous 
245 
PLD20RAlO 
tpD/SiCO= 15110115 
80 
D,L,1',Q,W,J.H 
Now 
PLD24 
78326 -16 
Macrocell 
245 
CY78326 
tpD z 12 
170 
D,J,K,L,p,y 
4Q91 
PLD28 
7C330-5tate 
Machine 
285 
CY7C330 
fMAX,tlS,tCo = 66 MHzI3 nsl12 ns 
130@50MHz 
D,L,P'Q,W,J,H 
Now 
1'LD28 
7C331-Asynchronous, 
285 
CY7C331 
tpOISICO= 20112/20 
120@25ns 
D,L,1',Q,W,J,H 
Now 


Registered 


1'LD28 
7C332-lnput 
Re~istcrcd, 
285 
CY7C332 
tpD = 20 
120@20ns 
D,L,1',Q,W,J,H 
Now 
Combinatonal 


PLD28 
78333-16Macrocell 
285 
CY78333 
tpD/SiCO= 101818 
170 
D, J,K, L, 1',Y 
4Q91 
PLD28 
78336-lnputReg.,2m 
285 
CY7B336 
fMAXD= 156 MHz 
180 
D,J,L,p, 
V 
Now 
PLD28 
78337 -lnputRcg.,4 
m 
285 
CY7B337 
fMA-XD= 142 MHz 
180 
D,J,L, 
P, V 
Now 
PLD28 
78338-0utput 
Latched, 
285 
CY78338 
fMA-XD= 156 MHz 
180 
D, J, L. 1'.V 
Now 
2 m 
1'LD28 
78339-0utput 
Latched, 
285 
CY78339 
fMAXD= 142MHz 
180 
D,J,L,1',V 
Now 
4 Pn 
PLD28 
7C361- 
32 Macrocell 
285 
CY7C361 
fMAX= 125 MHz 
140 
D.J,L,1',Q.W,H 
Now 
MAX28 
7C344 - 32 Macroccll 
285 
CY7C344 
tpOISICO= 20/10/15 
120 
D,L,P'Q,W,J,H 
Now 
MAX44 
7C343-64 
Macrocell 
44 
CY7C343 
tpD/SiCO= 30122116 
1551100 
J, H 
Now 
MAX68 
7C342-128 
Macrocell 
68 
CY7C342 
tpD/SiCO= 30122115 
3101200 
L,J,G.H,R 
Now 
MAX84 
7C341-192 
Macrocell 
84 
CY7C341 
tpD = 35 
4701340 
J. H 
Now 


Organization 
Pins 
Part Number 
5peed(ns) 
lEE 
Packages 
Availability 
(mA@ns) 


161'8-10KH 
24 
CYlOE301 
tpD = 3.5.4 
240 
D,K,Y 
Now 
161'8-10KH 
24 
CY10E301L 
tpD = 6 
170 
1',J 
Now 
161'8-100K 
24 
CY100E301 
tpD = 3.5,4 
240 
D,K,Y 
Now 
161'8-100K 
24 
CY100E301L 
l"n = 6 
170 
1',J 
Now 


Organization 
Pins 
Part Number 
8peed(ns) 
lEE 
Packages 
Availability 


(mA@nl) 


16P4-I0KH 
24 
CYI0E302 
tpD = 3,4 
220 
D,K,Y 
Now 


16P4-I0KH 
24 
CYI0E302L 
tpD = 4 
170 
P,J 
Now 


16P4-I00K 
24 
CYI00E302 
tpD = 3,4 
220 
D,K,Y 
Now 
16P4-l00K 
24 
CYI00E302L 
tpn = 4 
170 
P,J 
Now 


Organization 
Pins 
Part Number 
8peed 
IcclIss 
Packages 
Availability 


(mA@nl) 


64x4 
16 
CY3341 
L2,2MHz 
45 
D,P 
Now 


64x4 
16 
CY7C401 
5,10,15,25 
MHz 
75 
D,L,P 
Now 


64x4-w/OE 
16 
CY7C403 
10,15,25 
MHz 
75 
D,L,P 
Now 


64x5 
18 
CY7C402 
5,10,15,25 
MHz 
75 
D,L,P 
Now 


64x5-w/OE 
18 
CY7C404 
10,15,25 
MHz 
75 
D,L,P 
Now 


64x8-w/0E 
aod Almost Flags 
288 
CY7C408A 
15,25,35 
MHz 
120 
D,L,p,V 
Now 


64x9-w/Almost 
Flags 
288 
CY7C409A 
15,25,35 
MHz 
120 
D,L,p,V 
Now 


512x9-wlHalfFull 
Flag 
28 
CY7C420 
20, 25,30,40,650s 
142/30 
D,P 
Now 


512x9-wlHalfFull 
Flag 
288 
CY7C421 
20, 25,30,40,650s 
142/30 
D,J,L,P,V 
Now 


512 x 9-Clocked 
288 
CY7C441 
14,20,30 
os· 
180 
D, L, J, P, V 
lQ91 


512 x 9 - Clocked wiProg. Flags 
32 
CY7C451 
14,20,300s· 
180 
D,L,J 
lQ91 
lKx9-w/HalfFull 
Flag 
28 
CY7C424 
20, 25,30,40,650s 
142/30 
D,P 
Now 
lKx9-w/HalfFullFlag 
28S 
CY7C425 
20, 25,30,40,65 
os 
142/30 
D,J,L,P 
Now 
2Kx9-w/HalfFull 
Flag 
28 
CY7C428 
20, 25,30,40,65ns 
142/30 
D,P 
Now 


2Kx9-w/HalfFullFlag 
288 
CY7C429 
20, 25,30,40,650s 
142/30 
D,J,L,P,V 
Now 


2Kx 9 - Bidirectiooal 
288 
CY7C439 
30,40,65 
os 
140/40 
D,J,L,P,V 
Now 


2K x 9 -Clocked 
28S 
CY7C443 
14,20,30 
os· 
180 
D, L, J, P, V 
lQ91 


2Kx 9-Clockedw/Prog. 
Flags 
32 
CY7C453 
14,20,30 
os· 
180 
D,L,J 
lQ91 
4Kx9-w/HalfFullFlag 
28 
CY7C432 
25,30,40,65 
os 
142/25 
D,P 
Now 


4Kx9-wlHalfFullFlag 
288 
CY7C433 
25,30,40,65 
os 
142/25 
D,J,L,P, 
V 
Now 


8K x 9 - Module 
28 
CYM4210 
30,40,50,65 
os 
540/120 
HD 
Now 


8K x 9 -wi Half Full Flag 
28 
CY7C460 
15,25,400s 
180 
D,J,L,P 
2Q91 


8K x 9 -wi Prog. Flags 
28 
CY7C470 
15,25,400s 
180 
D,J,L,P 
2Q91 


16Kx 9-w/HalfFullFlag 
28 
CY7C462 
15,25,400s 
180 
D,J,L,P 
2Q91 
16K x 9-w/Prog. 
Flags 
28 
CY7C472 
15,25,400s 
180 
D,J,L,P 
2Q91 
16Kx9-Module 
28 
CYM4220 
30,40, 
50, 65 os 
540/120 
HD 
Now 


32K x 9 -wi Half Full Flag 
28 
CY7C464 
15,25,400s 
180 
D,J,L,P 
2Q91 


32K x 9-w/Prog. 
Flags 
28 
CY7C474 
15,25,400s 
180 
D,J,L,P 
2091 


64K x 9-Module 
28 
CYM4241 
85, 100 os 
240@85 
PD 
Now 


Organization 
Pins 
Part Number 
8peed(os) 
IcclIssllcCDR 
Packages 
Availability 


(mA@nl) 


2901-4-BitSlice 
40 
CY7C901 
tCLK= 23,31 
70 
D,L,P,J 
Now 
2901-4-Bit8Iice 
40 
CY2901 
C 
140 
D,P 
Now 
4x2901-16-Bit8lice 
64 
CY7C9101 
tCLI<= 30,40 
60 
D,L,P,J 
Now 


29116 - 16-Bit Coo troller 
52 
CY7C9116 
tCL' = 35,45,53,79,100 
145 
D,L,G,J 
Now 


29116 -16-Bit 
Cootroller 
52 
CY7C9115 
tCL'= 
35,45,53,79,100 
145 
J 
Now 


29117 -16-Bit 
Cootroller 
68 
CY7C9117 
tCLI<= 35,45,53,79,100 
145 
L,G,J 
Now 


2909 - Seq ueocer 
28 
CY7C909 
tCLI<= 30,40 
55 
D,L,p,J 
Now 


2911-Sequeocer 
20 
CY7C911 
tCLI<= 30,40 
55 
D,L,p,J 
Now 


lCUITL 
Translator-l0KH 
84 
CYI0E383 
tpD = 3/40s 
255 
J 
2Q91 


ICUITL 
Traoslator-l00K 
84 
CY101E383 
tpD = 3/4 os 
255 
J 
2Q91 


• 


Organization 
Pins 
Part Number 
Speed (ns) 
IcclsB"ccOR 
Packages 
Availability 
(mA@ns) 


2909-Sequencer 
28 
CY2909 
A 
70 
D,P 
Now 
2911-Sequencer 
20 
CY2911 
A 
70 
D,P 
Now 
2910-Controller(17-word 
Stack) 
40 
CY7C91O 
tCLK= 40,50,93 
100 
D,L,P,l 
Now 
2910- 
Con troller (9-word Stack) 
40 
CY2910 
A 
170 
D,L,P,l 
Now 


16 x 16 Multiplier 
64 
CY7C516 
tMC= 38,45,55,75 
100@10MHz 
D,L,p'G,l 
Now 
16 x 16 Multiplier 
64 
CY7C517 
tMC= 38,45, 55, 75 
100@10MHz 
D,L,P,G,l 
Now 


16 x 16 Multiplier/Accumulator 
64 
CY7C51O 
tMC = 45, 55, 65, 75 
100@10MHz 
D,L,p'G,l 
Now 


Desc. 
Organization 
Pins 
Part Number 
Speed (ns) 
Icc"sBllccOR 
Packages 
Availability 


(.mA@40MHz) 


IV 
SPARC 32-bit Integer Unit 
207 
CY7C601A 
Freq. = 40,33,25 
MHz 
675 
G 
Now 
FPU 
Floating-Point 
Unit 
143 
CY7C602A 
Freq. = 40, 33,25 MHz 
350 
G 
Now 
(Controller 
and Processor) 
CMU 
Cache-Controlled 
Memory 
243 
CY7C604A 
Freq. = 40, 33,25 MHz 
650 
G 
Now 


Management Unit 


CMU 
Cache Controller 
and Multiprocessing 
243 
CY7C605A 
Freq. = 40,33,25 
MHz 
850 
G 
25 MHz Now 
-MP 
Memory Management 
Unit 
33MHz2Q91 
40MHz3WQ91 


IV 
SPARC 32-bit InteferUnit 
for 
160 
CY7C611A 
Freq. = 25 MHz 
600 
P 
Now 


Embedded 
Contro 
CSU 
SPARC Cache Storage Unit 
52 
CY7C157A 
Freq. = 40,33,25 
MHz 
250 
1 
Now 


Pal1Name 
lYpe 
Part Number 


QuickProll 
Programmer 
CY3300 


PLDToolKit 
DesignThoI 
CY3101 


MAX+PWS 
Design Tool 
CY3201 


QP2 - MAX PLD Programmer 
Programmer 
CY3202 


MAX + PWS 
PLS-EDIF 
Design tool 
CY3210 


Notes: 


The above specifications 
are for the commercial 
temperature 
range of O°C to 70°e. 
Military temperature 
range (-55°C 
to + 125°C) 
product 
processed 
to MIL-STD-883 
Revision C is also available for most products. 
Speed and power selections 
may vary from those above. Contact 
your 
local sales office for more information. 


Commercial 
grade product 
is available in plastic, CERDlP, 
or Lee. 
Military grade product 
is available in CERDlP, 
LeC, 
or PGA. F, K, and T 
packages are special order only. 


All power supplies are Vcc = 5V ± 10% (Vcc = 5V ± 5% for RISC). 


22S, 24S, 28S stands for 300 mil. 22-pin, 24-pin, 28-pin, respectively. 
28.4 stands for 28-pi'n 400 mil, 24.4 stands for 24-pin 400 mil. 


PLeC, 
SOl, and SOIC packages are available on some products. 


F, K, and T packages are special order only. 


MAX and MAX +PLUS are trademarks 
of Alte •• Corporation. 


Package Code: 


B = PLASTIC 
PIN GRID ARRAY 


D = CERDIP 
F = FLATPAK 
G = PIN GRID 
ARRAY (PGA) 
H = WINDOWED 
HERMETIC 
LeC 
1 = PLeC 
K = CERPAK 
L = LEADED 
CHIP CARRIER 
(LeC) 
N = PLASTIC 
QUAD 
FLATPACK 


P = PLASTIC 
Q = WINDOWED 
LeC 
R = WINDOWED 
PGA 


S = SOIC 
T = WINDOWED 
CERPAK 
U = WINDOWED 
CERAMIC 
QUAD 
FLATPACK 
V = SOl 
W = WINDOWED 
CERDIP 


X = DICE 


HD = HERMETIC 
DIP 
HV = HERMETIC 
VERTICAL 
DIP 
PF = PLASTIC 
FLAT SIP 
PS = PLASTIC 
SIP 
PZ = PLASTIC 
ZIP 
Y = CERAMIC 
LeC 


Ordering Information 


PAL&PLD 


PREFIX 
DEVICE 
SUFFIX 


'PALC' 
rt6R8' 
'-25PC' 


PAL C 
l6R8 
L-35 
P 
C 
PAL C 
22VlO 
-25 
W C 


PLD C 
2OGIO 
-25 
W C 


CY 
7C330 
-33 
P 
C 


CY 
1OE302 
-2.5 
D C 


CY 
100E302 
-2.5 
D C 


RAM, PROM, 
FIFO, 
~P, ECL 


PREFIX 
DEVICE 
SUFFIX 
rcY' 
'7C128' 
I 
-45 D M B I 


CY 
7B185 
-15 V C 


CY 
7C245 
L-35 P C 


CY 
7C404 
-25 D M B 


CY 
7C90l 
-23 P C 


CY 
1OE4l5 
-3 
DC 


CY 
lOOE4l5 
-3 
F C 
L 


FAMILY 


PAL 20 
LOW POWER 
PAL 20 
PAL 24 VARIABLE 
PRODUcr 
TERMS 
GENERIC 
PLD 24 
PLD SYNCHRONOUS 
STATE MACHINE 
10K ECL PLD 
lOOK ECLPLD 
• 


FAMILY 


CMOSSRAM 
BiCMOSSRAM 
PROM 
FIFO 


fo~ECLSRAM 
lOOK ECL SRAM 


PROCESSING 
B = HI REL MIL SID 
883C FOR MILITARY 
PRODUcr 
= LEVEL 2 PROCESSING 
FOR COMMERCIAL 
PRODUcr 
T = SURFACE-MOUNTED 
DEVICES rv & S PACKAGE) TO 
BE TAPE AND REELED 
R = LEVEL 2 PROCESSING 
ON TAPE AND REEL 
DEVICES 


TEMPERATURE 
RANGE 
C = COMMERCIAL 
(O°C TO 700C) 
I 
= INDUSTRIAL 
(-40°C 
TO +8,°C) 
M = MILITARY 
(-5S0C 
TO + 125°C) 


PACKAGE 
B = PLASTIC 
PIN GRID ARRAY 
D = CERDIP 
F = FLATPAK 
G = PIN GRID ARRAY (PGA) 
H = WINDOWED 
LEADED 
CHIP CARRIER 
1 = PLeC 
K = CERPAK (GLASS-SEALED 
FLAT PACKAGE) 
L = LEADLESS 
CHIP CARRIER 
N = PLASTIC 
QUAD 
FLATPACK 
P = PLASTIC 
Q = WINDOWED 
LEADLESS 
CHIP CARRIER 
R = WINDOWED 
PGA 
S = SOIC (GULL 
WING) 
T = WINDOWED 
CERPAK 
U = WINDOWED 
CERAMIC 
QUAD 
FLATPACK 
V = SOIC (1 LEAD) 
W = WINDOWED 
CERDIP 
X = DICE (WAFFLE 
PACK) 
Y = CERAMIC 
LEADED 
CHIP CARRIER 


e.g., CY7Cl28-35PC, 
PALC16R8L-25PC 


Cypress FSCM #65786 


Ordering Information 


PREFIX 
DEVICE 
I CYM I 
I'}(j(j'}1 
SUFFIX 


H 0 -120 M B1 


PROCESSING 
B = MILITARY 
STANDARD 
883 
= STANDARD 


TEMPERATURE 
RANGE 


C = O·C TO 70·C 
I 
= -40·C 
TO 85·C 
M = -55·CTO 
125·C 


SPEED 


CONFIGURATION 
o = DUAL-IN-LINE 
G = PIN GRID ARRAY 
Q = QUAD-IN-LINE 
S 
= SINGLE-IN-LINE 
V = VERTICAL 
DIP 
Z = ZIGZAG-IN-LINE 


TYPE 
H = HERMETIC 
P = PLASTIC 


CYPRESS 
CYPRESS 


2147-35C 
7C147-35C 


2147-45C 
2147-35C 
2147-45C 
7C147-45C 
2147-45M+ 
7CI47-45M+ 


2147-55C 
2147-45C 
2147-55M 
2147-45M 
2148-35C 
21U8-35C 
2148-35C 
7C148-35C 
2148-35M 
7C148-35M 


2148-45C 
2148-35C 
2148-45C 
21U8-45C 
2148-45M 
2148-35M 
2148-45M+ 
7C148-45M+ 


2148-55C 
2148-45C 
2148-55C 
21U8-55C 
2148-55M 
2148-45M 


2149-35C 
21U9-35C 
2149-35C 
7C149-35C 
2149-35M 
7C149-35M 


2149-45C 
21U9-45C 
2149-45M 
2149-35M 
2149-45M 
7C149-45M 


2149-55C 
2149-45C 
2149-55C 
21U9-55C 
2149-55M 
2149-45M 
21U8-35C 
7C148-35C 
21U8-45C 
21U8-35C 
21U8-45C 
7C148-45C 
21U8-55C 
21U8-45C 
21U9-35C 
7C149-25C 
21U9-45C 
21U9-35C 
21U9-45C 
7C149-45C 
21U9-55C 
21U9-45C 
27S03AC 
7C189-25C 


27S03AM 
7C189-25M 


27S03C 
27S03AC 
27S03C 
74S189C 
27S03M 
27S03AM 
27S03M 
54S189M 
27S07AC 
7C190-25C 
27S07AM 
7C190-25M 


27S07C 
27S07AC 
27S07M 
27S07AM 
27S07M 
7C190-25M 
2901CC 
7C901-31C 
2901CM 
7C901-32M 
2909AC 
7C909-40C 
2909AM 
7C909-40M 


2910AC 
7C91O-50C 
2910AM 
7C910-51M 


2910C 
2910AC 
29 10M 
2910AM 
2911AC 
7C911-40C 
2911AM 
7C911-40M 


3341-2C 
7C401-5C+ 


3341-2M 
7C401-10M 
3341C 
3341-2C 
3341M 
3341-2M 
54S189M 
27S03M 
6116-45C 
6116-35C 
6116-55C 
6116-45C 
6116-55M 
6116-45M 


CYPRESS 
CYPRESS 
74S189C 
27S03C 
7C122-25C 
7C122-15C+ 
7C122-35C 
7C122-25C 
7C122-35M 
7C122-25M 
7CI23-12C 
7C123-7C 
7C128-35C 
7C128-25C 


7C128-45C 
7C128-35C 


7C128-45M 
7CI28-35M+ 
7C128-55C 
7CI28-45C+ 
7C128-55M 
7CI28-45M+ 
7C130-45C 
7C130-35C 
7C130-55C 
7C130-45C 
7C130-55M 
7C130-45M 
7C131-45C 
7C131-35C 
7C131-55C 
7C131-45C 
7C131-55M 
7C131-45M 
7C132-45C 
7C132-35C 


7C132-55C 
7C132-45C 


7C132-55M 
7C132-45M 
7C136-45C 
7C136-35C 


7C136-55C 
7C136-45C 
7C136-55M 
7C136-45M 
7C140-35C 
7C140-25C 


7C140-45C 
7C140-35C 
7C140-55C 
7C140-45C 


7C141-35C 
7C141-25C 


7C141-45C 
7C141-35C 
7C141-55C 
7C141-45C 
7C147-35C 
7CI47-25C+ 
7C147-45C 
7C147-35C 


7C148-35C 
7CI48-25C+ 
7C148-45C 
7C148-35C 


7C149-35C 
7CI49-25C+ 
, 


7C149-45C 
7C149-35C 
,. 


7C149-45M 
7C149-35M 
7C150-25C 
7C150-15C 


7C150-35C 
7C150-25C 


7C150-35M 
7C150-25M 
7C167-35C 
7C167-25C 


7C167-45M 
7CI67-35M+ 
7C168-35C 
7C168-25C 


7C168-45M 
7CI68-35M+ 
7C169-35C 
7C169-25C 
7C169-40M 
7C169-35M+ 
7C170-35C 
7C170-25C 


7C170-45C 
7C170-35C 


7C170-45M 
7C170-35M 
7Cl71-35C 
7CI71-25C 
7Cl71-45M 
7C171-35M+ 
7CI72-35C 
7CI72-25C 


7CI72-45M 
7CI72-35M+ 
7C186L-45M 
7C186-45M 
7C189-25C 
7CI89-15C+ 
7C190-25C 
7CI90-15C+ 
7C191-45M 
7C191-35M 


7CI92-45M 
7CI92-35M 
7C194-35C 
7C194-25C 
7C194-45C 
7CI94-35C+ 
7C194-45M 
7C194-35M 
7C196-35C 
7C196-25C 
7C196-45C 
7CI96-35C+ 
7C197-35C 
7C197-25C 


CYPRESS 
CYPRESS 


7C197-45C 
7CI97-35C+ 


7C197-45M 
7C197-35M 


7C198-45C 
7C198-35C 


7C198-55C 
7C198-45C+ 
7C198-55M 
7C198-45M 


7C199-45C 
7C199-35C 


7C199-55C 
7CI99-45C+ 


7C199-55M 
7C199-45M 


7C225-30C 
7C225-25C 


7C225-30M 
7C225-25M 


7C225-4OC 
7C225-3OC 


7C225-40M 
7C225-35M 


7C235-4OC 
7C235-3OC 
7C245-35C 
7C245-25C 


7C245-45C 
7C245-35C 
7C245-45M 
7C245-35M 


7C245A-25C 
7C245A-18C 
7C245A-35C 
7C245AL-35C 


7C245A-35M 
7C245A-25M 


7C245AL-35C 
7C245A-25C+ 


7C245L-35C 
7C245-35C+ 
7C245L-45C 
7C245L-35C 


7C251-55C 
7C251-45C 
7C251-65C 
7C251-55C 
7C251-65C 
7C251-55C 
7C251-65M 
7C251-55M 


7C253-65M 
7C253-55M 


7C254-55C 
7C254-45C 


7C254-65C 
7C254-55C 


7C254-65M 
7C254-55M 


7C261-45C 
7C261-35C 


7C261-55C 
7C261-45C 


7C261-55M 
7C261-45M 


7C263-45C 
7C263-35C 


7C263-55C 
7C263-45C 


7C263-55M 
7C263-45M 
7C264-45C 
7C264-35C 


7C264-55C 
7C264-45C 


7C264-55M 
7C264-45M 


7C268-5OC 
7C268-4OC+ 


7C268-60C 
7C268-50C 


7C268-60M 
7C268-50M+ 
7C269-5OC 
7C269-4OC+ 
7C269-6OC 
7C269-5OC 


7C269-60M 
7C269-50M+ 
7C281-45C 
7C281-3OC 


7C282-45C 
7C282-30C+ 
7C291-35C 
7C291-25C+ 
7C291-50C 
7C291-35C 
7C291-50M 
7C291-35M 
7C291A-35C 
7C291AL-35C 
7C291A-35M 
7C291A-30M 


7C291A-50C 
7C291AL-50C 


7C291A-50M 
7C291A-35M 


7C291AL-35C 
7C291A-25C+ 


7C291AL-5OC 
7C291AL-35C 


7C291L-35C 
7C291-35C+ 
7C291L-5OC 
7C291L-35C 


7C292-35C 
7C292-25C+ 


7C292-50C 
7C292-35C 


7C292L-35C 
7C292-35C+ 


7C292L-50C 
7C292L-35C 


III 


CYPRESS 
CYPRESS 


7C293A-35C 
7C293AL-35C 


7C293A-35M 
7C293A-30M 


7C293A-50C 
7C293AL-50C 


7C293A-50M 
7C293A-35M 


7C293AL-35C 
7C293A-20C+ 


7C293AL-5OC 
7C293AL-35C 


7C401-1OC 
7C401-15C 


7C401-10M 
7C401-15M 


7C401-5C 
7C401-10C 
7C402-1OC 
7C402-15C 


7C402-10M 
7C402-15M 


7C402-5C 
7C402-1OC 
7C403-1OC 
7C403-15C 
7C403-lOM 
7C403-15M 


7C403-15C 
7C403-25C 


7C403-15M 
7C403-25M 


7C404-IOC 
7C404-15C 


7C404-10M 
7C404-15M 


7C404-15C 
7C404-25C 


7C404-15M 
7C404-25M 


7C408-15C 
7C408-25C 


7C408-15M 
7C408-25M 


7C408-25C 
7C408-35C 


7C409-15C 
7C409-25C 


7C409-15M 
7C409-25M 


7C409-25C 
7C409-35C 


7C420-4OC 
7C420-30C 
7C420-40M 
7C420-30M 
7C420-65C 
7C420-40C 
7C420-65M 
7C420-40M 


7C421-4OC 
7C421-3OC 
7C421-40M 
7C421-30M 


7C421-65C 
7C421-4OC 
7C421-65M 
7C421-40M 


7C424-4OC 
7C424-3OC 


7C424-40M 
7C424-30M 


7C424-65C 
7C424-4OC 


7C424-65M 
7C424-40M 


7C425-4OC 
7C425-3OC 
7C425-40M 
7C425-30M 
7C425-65C 
7C425-4OC 


7C425-65M 
7C425-40M 


7C428-4OC 
7C428-3OC 


7C428-40M 
7C428-30M 


7C428-65C 
7C428-4OC 


7C428-65M 
7C428-40M 


7C429-4OC 
7C429-30C 
7C429-40M 
7C429-30M 


7C429-65C 
7C429-4OC 


7C429-65M 
7C429-40M 


7C510-55C 
7C510-45C 
7C510-65C 
7C51O-55C 


7C51O-65M 
7C510-55M 


7C51O-75C 
7C510-65C 


7C51O-75M 
7C510-65M 


7C516-45C 
7C516-38C 
7C516-55C 
7C516-45C 


7C516-55M 
7C516-42M 


7C516-75C 
7C516-55C 


7C516-75M 
7C516-55M 


7C517-45C 
7C517-38C 


7C517-55C 
7C517-45C 


CYPRESS 
CYI'RESS 


7C517-55M 
7C517-42M 
7C517-75C 
7C517-55C 
7C517-75M 
7C517-55M 
7C901-31C 
7C901-23C+ 


7C901-32M 
7C901-27M 


7C909-4OC 
7C909-3OC 
7C909-40M 
7C909-30M 
7C910-5OC 
7C910-4OC 
7C910-51M 
7C91O-46M 
7C91O-93C 
7C91O-5OC 


7C91O-99M 
7C91O-5IM 
7C9101-4OC 
7C9101-3OC 


7C9101-45M 
7C9101-35M 


7C91l-4OC 
7C911-3OC 


7C911-40M 
7C911-30M 
9122-25C 
7C122-15C 
9122-25C 
91L22-25C 


9122-35C 
9122-25C 


9122-35C 
91L22-35C 


9122-45C 
93L422C 


91L22-25C 
7C122-25C 
91L22-35C 
7C122-35C 
91L22-45C 
93L422AC 


93422AC 
7CI22-35C 
93422AC 
9122-35C 


93422AM 
7C122-35M 


93422C 
93L422AC 


93422M 
93422AM 
93422M 
93L422AM 
93L422AC 
7Cl22-35C 
93L422AC 
91L22-45C 
93L422AM 
7C122-35M 


93L422C 
93L422AC 


93L422M 
93L422AM 
PALCI6L8-25C 
PALCI6L8L-25C 
PALCI6L8-30M 
PALCI6L8-20M 
PALCI6L8-35C 
PALCI6L8-25C 
PALCI6L8-40M 
PALCI6L8-30M 
PALCI6L8L-35C 
PALCI6L8L-25C 
PALCI6R4-25C 
PALCI6R4L-25C 
PALCI6R4-30M 
PALCI6R4-20M 
PALCI6R4-35C 
PALCI6R4-25C 
PALCI6R4-40M 
PALCI6R4-30M 
PALCI6R4L-35C 
PALCI6R4L-25C 
PALCI6R6-25C 
PALCI6R6L-25C 


PALCI6R6-30M 
PALCI6R6-20M 
PALCI6R6-35C 
PALCI6R6-25C 
PALCI6R6-40M 
PALCI6R6-30M 
PALCI6R6L-35C 
PALCI6R6L-25C 


PALCI6R8-25C 
PALCI6R8L-25C 
PALCI6R8-30M 
PALCI6R8-20M 
PALCI6R8-35C 
PALCI6R8-25C 


PALCI6R8-40M 
PALCI6R8-30M 
PALCI6R8L-35C 
PALCI6R8L-25C 
PALC22VlO-35C 
PALC22VlO-25C 


PALC22VlO-40M 
PALC22VIO-30M 
PALC22VIOL-25C 
PALC22VIO-25C 
PALC22V IOL- 35C 
PALC22VI0L-25C 


PLDC20GIO-35C 
PLDC2OGI0-25C 


PLDC20G 1O-40M 
PLDC20GI0-30M 


ALTERA 
PREFIX:EPM 
5032DC 
5032DC-2 
5032DM 
5032JC 
5032JC-2 
5032JM 
5032LC 
5032LC-2 
5032PC 
5032PC-2 
5064JC 
5064JC-2 
5064JM 
5128GC 
5128GC-2 
5128GM 
5128JC 
5128JC-2 
5128JM 
5128LC 
5128LC-2 


CYPRESS 
PREFIX:CY 
7C344-25WC 
7C344-20WC 
7C344-25WMB 
7C344-25HC 
7C344-20HC 
7C344-225HMD 
7C344-25JC 
7C344-20JC 
7C344-25PC 
7C344-20PC 
7C343-35HC 
7C343-30HC 
7C343-35HMD 
7C342-35RC 
7C342-30RC 
7C342-3RMD 
7C342-35HC 
7C342-30HC 
7C342-351IMB 
7C342-35JC 
7C342-30JC 


AMD 
PREFIX:Am 
PREFIX:SN 
SUFFIX:D 
SUFFIX:D 
SUFFlX:F 
SUFFIX:L 
SUFFlX:P 
2130-lOOC 
2130-12OC 
2130-70C 
2147-35C 
2147-45C 
2147-45M 
2147-55C 
2147-55M 
2147-70C 
2147-70M 
2148-35C 
2148-35M 
2148-45C 
2148-45M 
2148-55C 
2148-55M 
2148-70C 
2148-70M 
2149-35C 
2149-45C 
2149-45M 
2149-55C 
2149-55M 
2149-70C 
2149-70M 
2167-35C 
2167-35M 
2167-45C 
2167-45M 
2167-55C 
2167-55M 


Notf>:Unless otherwise noted, product meets all performance 
specs and is within 10 mA on Ice and 5 mA on ISB; 
+ = 
meets all perfonnance 
specs but may not meet Ice or [SB; 


meets all performance specs except 2V data retention-may 
not meet Ice or ISB; 


functionally equivalent. 


t 
SOIC only 


:I: 
32-pin LCC crosses to the 7C198M 


CYPRESS 
PREFIX:CY 
PREFIX:CY 
SUFFIX:B 
SUFFIX:D 
SUFFIX:F 
SUFFIX:L 
SUFFIX:P 
7C130-55C 
7C130-55C 
7C130-55C 
2147-35C 
2147-45C 
2147-45M 
2147-55C 
2147-55M 
2147-55C 
2147-55M 
2148-35C 
2148-35M 
2148-45C 
2148-45M 
2148-55C 
2148-55M 
2148-55C 
2148-55M 
2149-35C 
2149-45C 
2149-45M 
2149-55C 
2149-55M 
2149-55C 
2149-55M 
7C167-35C 
7C167-35M 
7C167-45C 
7C167-45M 
7C167-45C 
7C167-45M 


AMD 
CYPRESS 
2167-7OC 
7C167-45C 
2167-70M 
7C167-45M 


2168-35C 
7C168-35C 
2168-45C 
7C168-45C 
2168-45M 
7C168-45M 


2168-55C 
7C168-45C 
2168-55M 
7C168-45M 


2168-7OC 
7C168-45C 
2168-70M 
7C168-45M 


2169-4OC 
7C169-4OC 
2169-5OC 
7C169-4OC 
2169-50M 
7C169-40M 


2169-7OC 
7C169-4OC 
2169-70M 
7C169-40M 


21L47-45C 
7C147-45C 
21L47-55C 
7C147-45C 
21L47-7OC 
7C147-45C 
21L48-45C 
21L48-45C 
21L48-55C 
21L48-55C 
21L48-7OC 
21L48-55C 
21L49-45C 
21L49-45C 
21L49-55C 
21L49-55C 
21L49-7OC 
21L49-55C 
27C64-55C 
7C266-55C 
27C64-7OC 
7C266-55C 
27C64-75C 
7C266-55C 
27C64-9OC 
7C266-55C 
27C64-90M 
7C266-55C 
27C64-95C 
7C266-55C 
27C64-120C 
7C266-55C 
27C64-120M 
7C266-55C 
27C64-125C 
7C266-55C 
27C64-15OC 
7C266-55C 
27C64-150M 
7C266-55C 
27C64-155C 
7C266-55C 
27C64-200c 
7C266-55C 
27C64-200M 
7C266-55C 
27C64-205C 
7C266-55C 
27C64-250C 
7C266-55C 
27C64-250M 
7C266-55C 
27C64-255C 
7C266-55C 
27C64-300c 
7C266-55C 
27C64-300M 
7C266-55C 
27C191-25C 
7C292A-25C 
27C191-35C 
7C291A-25C+ 


27Cl91-35C 
7C291A-35C 
27C191-35C 
7C292A-35C 
27C191-35C 
7C292AL-35C 
27C191-35M 
7C292A-30M 
27C191-45M 
7C291A-45M 
27C256-17OC 
7C274-55C 
27C256-170M 
7C274-55M 
27C256-175C 
7C274-55C 
27C256-200C 
7C274-55C 
27C256-200M 
7C274-55M 
27C256-205C 
7C274-55C 
27C256-25OC 
7C274-55C 
27C256-250M 
7C274-55M 
27C256-255C 
7C274-55C 
27C256-300c 
7C274-55C 
27C291-25C 
7C291A-25C 
27C291-35C 
7C291AL-35C 


AMD 
CYPRESS 
27C291-45M 
7C291A-35M 


27C291A-30M 
7C291A-30M 


67C401-10 
7C401-10 
67C401-15 
7C401-15 


67C401-25 
7C401-25 
67C403-10 
7C403-10 
67C403-15 
7C403-15 


67C403-25 
7C403-25 


67C402-10 
7C402-10 


67C402-15 
7C402-15 


67C402-25 
7C402-25 


67C4023-10 
7C404-10 
67C4023-15 
7C404-15 
27LS03C 
27LS03C 
, 


27LS03M 
27LS03M+ 
27LS07C 
27S07C+ 


27LS191C 
7C292-35C 


27LS291C 
7C291-35C 


27LS291M 
7C291-35M 
27PS181AC 
7C282-45C 


27PS181AM 
7C282-45M+ 
27PS181C 
7C282-45C 
27PS181M 
7C282-45M+ 
27PS191AC 
7C292-5OC 


27PS191AM 
7C292-50M+ 


27PS191C 
7C292-5OC 


27PSl91M 
7C292-50M+ 
27PS281AC 
7C281-45C 
27PS281AM 
7C281-45M+ 
27PS281C 
7C281-45C 
27PS281M 
7C281-45M+ 
27PS291AC 
7C291-5OC 


27PS291AM 
7C291-50M+ 


27PS291C 
7C291-5OC 
27PS291M 
7C291-50M+ 
27S03AC 
27S03AC 


27S03AM 
27S03AM 
27S03C 
27S03C 


27S03M 
27S03M 


27S07AC 
27S07AC 
27S07AM 
27S07AM 


27S07C 
27S07C 
27S07M 
27S07M, 
27S181AC 
7C282-3OC 


27S181AM 
7C282-45M 
27S181C 
7C282-45C 
27S181M 
7C282-45M 
27S191AC 
7C292-35C 


27S191AM 
7C292-50M 


27S191C 
7C292-5OC 


27S191M 
7C292-50M 


27S191SAC 
7C292A-2OC 


27S25AC 
7C225-3OC 


27S25AM 
7C225-35M 
27S25C 
7C225-4OC 


27S25M 
7C225-40M 


27S25SAC 
7C225-25C 
27S25SAM 
7C225-35M 


27S281AC 
7C281-3OC 
27S281AM 
7C281-45M 
27S281C 
7C281-45C 
27S281M 
7C281-45M 


AMD 
CYPRESS 


27S291AC 
7C291-35C 
27S291AM 
7C291-50M 
27S291C 
7C291-5OC 


27S291M 
7C291-50M 


27S291SAC 
7C291A-25C 


27S291SAM 
7C291A-30M 


27S35AC 
7C235-3OC 
27S35AM 
7C235-40M 
27S35C 
7C235-4OC 
27S35M 
7C235-40M 
27S45AC 
7C245-35C 


27S45AM 
7C245-45M 


27S45C 
7C245-45C 


27S45M 
7C245-45M 
27S45SAC 
7C245-25C 
27S45SAM 
7C245A-25M- 
27549-30M 
7C264-30MB 
27549-30M 
7C263-30MB 
27549-40 
7C264-4OC 
27549-40 
7C263-4OC 


27549-55 
7C264-S5 


27549-55 
7C263-55 


27549-55M 
7C264-55MB 


27549-55M 
7C263-55MB 
27S51C 
7C254-55C 
27S51M 
7C254-65M 


2841AC 
3341C 


2841AM 
3341M 


2841C 
3341C 


2841M 
3341M 


290lBC 
2901CC 


290lBM 
2901CM 


2901CC 
2901CC 


2901CM 
2901CM 
2909AC 
2909AC 


2909AM 
2909AM 


2909C 
2909AC 


2909M 
2909M 


2910-1C 
2910C 
2910-1M 
2910M 
2910AC 
2910AC 
2910AM 
2910AM 
2910C 
2910C 
2910M 
2910M 


29116AC 
7C9116AC 


29116AM 
7C9116AM 
29116C 
7C9116AC 
29116M 
7C9116AM 
29117C 
7C9117AC 
29117M 
7C9117AM 
2911AC 
2911AC 
2911AM 
2911AM 
2911C 
2911AC 


2911M 
2911M 


29510C 
7C510-75C 


29510M 
7C510-75M 


29S16AM 
7CS16-55M 


29S16C 
7C516-55C 
29516M 
7C516-55M 


29517AC 
7C517-38C 


29517C 
7C517-55C 


29517M 
7C517-55M 


• 


AMD 
CYPRESS 


29701C 
27S07C 
29701M 
27S07M 


29703C 
27S03C 
29703M 
27S03M 
29C01-1C 
7C901-23C+ 
29COlBA 
7C901-32M 


29C01BC 
7C901-31C 
29COIC 
7C901-31C 
29C01CC 
7C901-31C 
29ClO-1C 
7C910-4OC 
29CIOIC 
7C9101-4OC 
29C101M 
7C9101-35M 


29C10ABA 
7C91O-51M 


29C10AC 
7C91O-5OC 
29ClOAC 
7C91O-93C 
29C116C 
7C9116AC 
29C116M 
7C9116AM 


29C117C 
7C9117AC 
29Ll16AC 
7C9116AC 
29Ll16AM 
7C9116AM 


29L51OC 
7C510-75C 
29L5lOM 
7C510-75M 


29L516C 
7C516-75C 
29L516M 
7C516-75M 


29L517C 
7C517-75C 
29L517M 
7C517-75M 
3341C 
3341C 
3341M 
3341M 
7201-25 
7C420-25 


7201-35 
7C420-30 
7201-50 
7C420-40 


7201-65 
7C420-65 


7201-80 
7C420-65 


7201-25R 
7C421-25 


7201-35R 
7C421-30 


7201-50R 
7C421-40 
7201-65R 
7C421-65 


7201-80R 
7C421-65 
7202-25 
7C424-25 
7202-35 
7C424-30 
7202-50 
7C424-40 


7202-65 
7C424-65 


7202-80 
7C424-65 


7202-25R 
7C425-25 


7202-35R 
7C425-30 
7202-50R 
7C425-40 


7202-65R 
7C425-65 
7202-80R 
7C425-65 
7203-25 
7C428-25 
7203-35 
7C428-30 
7203-50 
7C428-40 
7203-65 
7C428-65 
7203-80 
7C428-65 


7203-2SR 
7C429-25 


7203-35R 
7C429-30 


7203-50R 
7C429-40 
7203-65R 
7C429-65 
7203-80R 
7C429-65 
7204-25 
7C432-25 
7204-35 
7C432-30 
7204-50 
7C432-40 
7204-65 
7C432-65 


AMD 
CYPRESS 


7204-80 
7C432-65 


74S189C 
74S189C 
9122-25C 
9122-25C 
9122-35C 
9122-35C 
9122-35M 
7C122-35M 
9128-100C 
6116-55C 
9128-120M 
6116-55M 


9128-15OC 
6116-55C 
9128-150M 
6116-55M 


9128-200C 
6116-55C 
9128-200M 
6116-55M 


9128-70C 
6116-55C 
9128-90M 
6116-55M 


9150-20C 
7C150-15C 
9150-25C 
7C150-2SC 
9150-25M 
7C150-25M 
9150-35C 
7C150-35C 
9150-35M 
7C150-35M 


9150-45C 
7C150-35C 
9150-45M 
7C150-35M 


91L22-35C 
91L22-3SC 
91L22-35M 
7C122-35M 


91L22-45C 
91L22-45C 
91L22-45M 
7C122-35M 


91L22-6OC 
7C122-35C+ 


91L50-25C 
7C150-25C 
91L50-35C 
7C150-35C 
91L50-45C 
7C150-35C 
. 


93422AC 
93422AC 
93422AM 
93422AM 


93422C 
93422C 
93422M 
93422M 


93L422AC 
93L422AC 
93L422AM 
93L422AM 


93L422C 
93L422C 
93L422M 
93L422M 
99C164-35C 
7C164-35C+ 


99C164-45C 
7C164-45C+ 
99C164-45M 
7C164-45M+ 


99C164-55C 
7C164-45C+ 
99C164-55M 
7C164-45M+ 
, 
99C164-70C 
7C164-45C+ 


99C164-70M 
7C164-45M 


99C16S-35C 
7C166-35C+ 


99C165-45C 
7C166-45C+ 


99C165-45M 
7C166-4SM+ 


99C165-55C 
7C166-45C+ 


99C165-55M 
7C166-45M+ 


99C165-7OC 
7C166-45C+ 
99C165-70M 
7C166-45M+ 
99C641-25C 
7C187-25C 
99C641-35C 
7C187-35C 
99C641-45C 
7C187-45C 
99C641-4SM 
7C187-45M 


99C641-SSC 
7C187-4SC 
99C641-55M 
7C187-45M 


99C641-7OC 
7C187-45C 
99C641-70M 
7C187-45M 


99C68-35C 
7C168-35C 
99C68-45C 
7C168-45C' 
99C68-45M 
7C168-45M' 


99C68-55C 
7C168-45C' 


AMD 
CYPRESS 
99C68-55M 
7C168-45M' 
99C68-70C 
7C168-45C' 
99C68-70M 
7C168-45M' 
99C88H-35C 
7C186-35C 
99C88H-45C 
7C186-45C 
99C88H-45M 
7C186-45M 
99C88H-55C 
7C186-55C 
99C88H-55M 
7C186-55M 
99C88H-70C 
7C186-55C 


99C88H-70M 
7C186-55M 
99CL68-35C 
7C168-35C 


99CL68-45C 
7C168-45C' 


99CL68-45M 
7C168-45M" 


99CL68-55C 
7C168-45C' 
99CL6855M 
7C168-45M' 
99CL68-7OC 
7C168-45C" 
99CL68-70M 
7C168-45M' 
PALl6L8A-4C 
PALC16L8L-35C 
PALl6L8A-4M 
PALC16L8-40M 


PALl6L8AC 
PALC16L8-25C 


PALl6L8ALC 
PALC16L8-25C 


PALl6L8ALM 
PALC16L8-30M 


PALl6L8AM 
PALC16L8-30M 


PALl6L8BM 
PALC16L8-20M 


PALl6L8C 
PALC16L8-35C 


PALl6L8LC 
PALC16L8-35C 


PALl6L8LM 
PALC16L8-40M 


PALl6L8M 
PALC16L8-40M 


PALl6L8QC 
PALC16L8L-35C 


PALl6L8QM 
PALC16L8-40M 


PALl6R4A-4C 
PALC16R4L-35C 


PALl6R4A-4M 
PALC16R4-40M 


PALl6R4ALC 
PALC16R4-2SC 


PALl6R4ALM 
PALC16R4-30M 


PALl6R4AM 
PALC16R4-30M 


PALl6R4BM 
PALC16R4-20M 
PALl6R4C 
PALC16R4-35C 


PALl6R4LC 
PALC16R4-35C 


PAL16R4LM 
PALC16R4-40M 


PALl6R4M 
PALC16R4-40M 


PALl6R4QC 
PALC16R4L-35C 


PALl6R4QM 
PALC16R4-40M 


PALl6R6A-4C 
PALC16R6L-35C 


PALl6R6A-4M 
PALC16R6-40M 


PALl6R6AC 
PALC16R6-25C 


PAL16R6ALC 
PALC16R6-25C 


PAL16R6ALM 
PALC16R6-30M 


PALl6R6AM 
PALC16R6-30M 


PALl6R60M 
PALC16R6-20M 


PALl6R6C 
PALC16R6-35C 


PALl6R6LC 
PALC16R6-3SC 


PALl6R6LM 
PALC16R6-40M 


PALl6R6M 
PALC16R6-40M 


PALl6R6QC 
PALC16R6L-35C 


PALl6R6QM 
PALC16R6-40M 


PALl6R8A-4C 
PALC16R8L-35 


PALl6R8A-4M 
PALC16R8-40M 


PALl6R8AC 
PALC16R8-25C 
PALl6R8ALC 
PALC16R8-25C 
PALl6R8ALM 
PALC16R8-30M 


PALl6R8AM 
PALC16R8-30M 


PALl6R80M 
PALC16R8-20M 


Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Ice and 5 mA on IsB; 


+ 
meets all performance 
specs but may not meet Ice 
or IsB; 
meets all performance 
specs except 2V data retention-may 
not meet lee or 1sll; 
functionally 
equivalent. 


t 
SOIC only 
t 
32-pin LCC crosses to the 7C198M 


AMD 
CYPRESS 
PAL16R8C 
PALC16R8-35C 


PAL16R8LC 
PALC16R8-35C 


PAL16R8LM 
PALC16R8-40M 


PAL16R8M 
PALC16R8-40M 
PAL16R8QC 
PALC16R8L-35 
PAL16R8QM 
PALC16R8-40M 


PAL22V10AC 
PALC22V10-25C 


PAL22V10AM 
PALC22V1D-30M 


PAL22V1OC 
PALC22V10-35C 


PAL22V10M 
PALC22V10-40M 
PAL22V10-10 
PAL22V1OC-10 


PAL22V10-15 
PAL22V1OC-15M 


ANALOGDEV 
CYPRESS 


PREFlX:ADSP 
PREFIX:CY 


SUFFIX:883B 
SUFFIX:B 
SUFFIX:D 
SUFFIX:D 
SUFFlX:E 
SUFFlX:L 
SUFFIX:F 
SUFFIX:F 


SUFFIX:G 
SUFFIX:G 


1010A 
7C510-65C+ 
1010J 
7C510-75C+ 
1010K 
7C510-75C+ 
1010S 
7C510-75M+ 
1010T 
7C51O-75M+ 
7C901-27M 
7C910-32M 
7C901-32M 
2901CM 


ATMEL 
CYPRESS 
PREFIX:AT 
PREFIX:CY 


28HC1911L 
7C292A 
28HC2911L 
7C293A 
28HC642 
7C261 


22V10 
PALC22V10 


22VlO-15 
PALC22V10B 


DALLAS 
CYPRESS 
PREFIX:DS 
PREFIX:CY 
2009 
7C420-PC 
2010 
7C424-PC 
2011 
7C428-PC 


DENSEPAK 
CYPRESS 
PREFlX:DPS 
PREFIX:CYM 


1027-25C 
162lHD-25C 
1027-25C 
16lHD-25C 


1027-35C 
162lHD-3OC 


1027-35C 
162lHD-35C 
1027-45C 
162lHD-45C 
1027-55C 
162lHD-55C 


16X17-25C 
1611HV-25C 
16X17-25C 
1611HV-25C 


16X17-35C 
1611HV-35C 
16X17-35C 
1611HV-35C 
16X17-45C 
1611HV-45C 
16X17-45C 
161lHV-45C 


16X17-55C 
1611HV-55C 
41288-100c 
1421HD-85C 
41288-10OC 
142lHD-10OC 
41288-7OC 
142lHD-7OC 
41288-85C 
142lHD-85C 
41288-85C 
1421HD-85C 


DENSEPAK 
CYPRESS 
6432-45C 
1830HD-45C 
6432-55C 
1830HD-55C 
6432-55C 
1830HD-55C 
8M624-100c 
1623HD-85C 
8M624-85C 
1623HD-10OC 
8M656-35C 
1610HD-35C 
8M656-7OC 
1610HD-7OC 


ED! 
CYPRESS 
PREFIX:ED 
PREFIX:CYM 
816H16C-25 
1611HV-25C 
816H16C-35 
1611HV-35C 
816H16C-45 
1611HV-45C 
8M8128C-100 
142lHD-85C 
8M8128C-70 
1421HD-7OC 
H816H16C-25CC- 
1611HV-25C 
H816H16C-35CC- 
1611HV-35C 
H816H16C-45CC- 
1611HV-45C 
H816H16C-55CC- 
1611HV-45C 
H816H64C-35CC 
162lHD-35C 
H816H64C-35MHR 
162lHD-35MB 
H816H64C-45CC 
162lHD-45C 
H816H64C-45MHR 
162lHD-45MB 
H816H64C-55CC 
162lHD-45C 
H816H64C-55MHR 
162lHD-45MB 
H816H64C-7OCC 
162lHD-45C 
H816H64C-70MHR 
1621HD-45MB 
18464C-45 
7C194-45 
18M1664C-100cC 
1623HD-100c 
18M1664C-6OCC 
1623HD-55C 
18M1664C-7OCC 
1623HD-7OC 
18M1664C-85CC 
1623HD-85C 
18M8128C-100CB 
1420HD-55MB 
18M8128C-10OCC 
142lHD-85C 
18M8128C-6OCB 
1420HD-55MB 
18M8128C-6OCC 
1420HD-55C 
18M8128C-7OCB 
142lHD-55MB 
18M8128C-7OCC 
1421HD-7OC 
18M8128C-8OCC 
142lHD-7OC 
18M8128C-9OCB 
1421HD-55MB 
18M8128C-9OCC 
142lHD-85C 


FAIRCHILD 
CYPRESS 
PREFIX:F 
PREFIX:CY 
SUFFIX:D 
SUFFIX:D 
SUFFIX:F 
SUFFIX:F 
SUFFIX:L 
SUFFIX:L 
SUFFIX:P 
SUFFIX:P 
SUFFIX:QB 
SUFFIX:B 
100E422-5 
100E422-5C 
100E422-7 
100E422-7C 
10E422-7 
10E422-7C 
100E474-7 
100E474-7C 
10E474-7 
10E474-7C 
160OC45 
7C187-45C 
1600c55 
7C187-45C 
1600C70 
7C187-45C 
1600M55 
7C187-45M 
1600M70 
7C187-45M 
1601C55 
7C187-45C 
162OC35 
7Cl64-35C+ 
1620M35 
7C164-35M 


FAIRCHILD 
CYPRESS 


1620M45 
7C164-45M 
1621C25 
7Cl64-25C+ 
1622C25 
7C166-25C+ 
1622C35 
7C166-35C+ 
1622M35 
7C166-35M 
1622M45 
7C166-45M 
16L8A 
PALC16L8-20M 


16L8A 
PALC16L8-25C 


16P8A 
PALC16L8-20M 


16P8A 
PALC16L8-25C- 
16R4A 
PALC16R4-20M 


16R4A 
PALC16R4-25C 


16R6A 
PALC16R6-20M 


16R6A 
PALC16R6-25C 


16R8A 
PALC16R8-20M 


16R8A 
PALC16R8-25C 


16RP4A 
PALC16R4-20M 


16RP4A 
PALC16R4-25C 


16RP6A 
PALC16R6-20M 


16RP6A 
PALC16R6-25C 


16RP8A 
PALC16R8-20M 


16RP8A 
PALC16R8-25C 


3341AC 
3341C 


3341C 
3341C 


54F189 
7C189-25M- 
54F219 
7C190-25M- 
54F413 
7C401-15M 
54S189M 
54S189M 
74AC1010-40 
7C510-45C 


74F189 
7CI89-25C- 
74F219 
7CI90-25C- 
74F413 
7C401-15C 


74LS189 
27LS03C 


74S189 
74S189C 


93422AC 
93422AC 


93422AM 
93422AM 
93422C 
93422C 


93422M 
93422M 


93475C 
2149-45C 


93L422AC 
93L422AC 


93L422AM 
93L422AM 


93L422C 
93L422C 


93L422M 
93L422M 
93Z451AC 
7C282-3OC 


93Z451AM 
7C282-45M 


93Z451C 
7C282-3OC 


93Z451M 
7C282-45M 


93Z511C 
7C292-35C 


93Z511M 
7C292-50M 
93Z565AC 
7C264-45C 


93Z565AM 
7C264-55M 


93Z565C 
7C264-55C 


93Z565M 
7C264-55M 
93Z611C 
7C292-25C 


93Z611M 
7C291A-30M 


93Z665C 
7C264-35C 


93Z665M 
7C264-45M 


93Z667C 
7C263-35C 


93Z667M 
7C261-45M 


FUnTSU 
CYPRESS 
PREFIX:MB 
PREFIX:CY 


FUJTISU 
CYPRESS 
PREFIX:MBM 
PREFIX:CY 


SUFFlX:F 
SUFFIX:F 


SUFFlX:M 
SUFFlX:P 


SUFFlX:Z 
SUFFIX:D 


100422A-5C 
100E422-5C 
100422A-7C 
100E422L--7C 


100422AC 
lOOE422L--7C 
, 


10470A-7 
10E470-7C 
10470A-IOC 
1OE470-7C 
10470A-15C 
1OE470-7C 
10470A-20C 
1OE470-7C 
100470A-7 
100E470-7C 
100470A-IO 
100E470-7C 
100470A-15 
lOOE470-7C 
100474A-3C 
lOOE474-3.5C 


100474A-5C 
100E474-5C 


100474A-7C 
100E474L--7C 


100474AC 
100E474L--7C 


100484A-IO 
100E484L--7C 


100484A-8 
100E484L--7C 
100484-15 
100E484L--7C 
100C494-15 
100E494L--12C 


101A484-5 
101E484-5C 
101494-7 
101E494-7 


101494-8 
101E494-8 


10422A-5C 
10E422-5C 
10422A-7C 
1OE422L--7C 


10422AC 
1OE422L--7C 


10474A-3C 
10E474-4C 


10474A-5C 
10E474-5C 


10474A-7C 
1OE474L--7C 


10474AC 
1OE474L--7C 


10484-15 
1OE484L-- 7C 


10484A-8 
1OE484L--7C 


10484A-1O 
10E484L--7C 


10484A-5 
1OE484-5C 
10494-7 
10E494-7C 
lOC494-15 
1OE494L--12C 


2147H-35 
2147-35C 


2147H-45 
2147-45C 


2147H-55 
2147-55C 


2147H-70 
2147-55C 


2148-55L 
21L48-55C 


2148-70L 
21L48-55C 


2149-45 
2149-45C 


2149-55L 
21L49-55C 


2149-70L 
21L49-55C 


27256-17C 
7C274-55C 
27256-20C 
7C274-55C 


27256-25C 
7C274-55C 


27256A-15C 
7C274-55C 


27256A-17C 
7C274-55C 


27256A-20C 
7C274-55C 
27256A-25C 
7C274-55C 
27256H-lOC 
7C274-55C 


27256H-12C 
7C274-55C 
27C512-15C 
7C286-55C 
27C512-17C 
7C286-55C 
27C512-2OC 
7C286-55C 
27C512-25C 
7C286-55C 


27C512-3OC 
7C286-55C 


2764-2OC 
7C266-55C 


FUJTISU 
CYPRESS 


2764-25C 
7C266-55C 
2764-3OC 
7C266-55C 
27C64-2OC 
7C266-55C 
27C64-25C 
7C266-55C 
27C64-30C 
7C266-55C 
7132E 
7C282-45C 
7132E-SK 
7C281-45C 
7132E-W 
7C282-45M 
7132H 
7C282-45C 
7132H-SK 
7C281-45C 
7132Y 
7C282-3OC 
7132Y-SK 
7C281-3OC 
7138E 
7C292-5OC 
7138E-SK 
7C291-5OC 
7138E-W 
7C292-50M 
7138H 
7C292-35C 
7138H-SK 
7C291-35C 
7138Y 
7C292-35C 
7138Y-SK 
7C291-35C 
7144E 
7C264-55C 
7144E-W 
7C264-55M 
7144H 
7C264-55C 
7144Y 
7C264-45C 
7226RA-20 
7C225-3OC 
7226RA-25 
7C225-3OC 
7232RA-20 
7C235-30C 
7232RA-25 
7C235-30C 
7238RA-20 
7C245-25C 
7238RA-25 
7C245-35C 
8128-10 
7C128-55C 
8128-15 
7C128-55C 
8167-70W 
7C167-45M 


8167A-55 
7C167-45C 
8167A-70 
7C167-45C 
8168-55 
7C168-45C 
8168-70 
7C168-45C 
8168-70W 
7C168-45M 
8171-55 
7C187-45 
8171-70 
7C187-45C 


81C67-35 
7C167-35C 
81C67-45 
7C167-45C 
81C67-55W 
7C167-45M 
81C68-45 
7C168-45C 
81C68-55W 
7CI68-45M+ 


8IC71-45 
7C187-45C 
81C71-55 
7C187-45C 
81C74-25 
7C164-25C 
81C74-35 
7CI64-35C+ 
81C74-45 
7C164-45C 
81C75-25 
7C166-25C 
81C75-35 
7C166-35C 
81C78-45 
7C186-45C 
81C78-55 
7C186-55C 
81C81A-35 
7C197-35 
81C81A-45 
7C197-45 
81C84A-35 
7C194-35 
81C84A-45 
7C194-45 
81C86-70 
7CI92-45C+ 
8287-35 
7C199-35 
8287-45 
7C199-45 
8464L--IOO 
7CI85-55C+ 
8464L--70 
7CI85-45C+ 


HARRIS 
PREFIX:HM 
PREFlX:HPL 
SUFFIX:8 
PREFIX:l 
PREFIX:9 
PREFIX:4 
PREFlX:3 
16LC8-5 
16LC8-8 
16LC8-9 
16RC4-5 
16RC4-8 
16RC4-9 
16RC6-5 
16RC6-B 
16RC6-9 
16RC8-5 
16RC8-8 
16RC8-9 
6-76161-2 
6-76161-5 
6-7616IA-2 
6-7616IA-5 
6-7616IB-5 
6-7681-5 
6-7681A-5 
65162-5 
65162-8 
65162-9 
65162B-5 
65162B-8 
65162D-9 
65162C-8 
65162C-9 
65162S-5 
65162S-9 
65262-8 
65262-9 
65262D-8 
65252B-9 
65262C-9 
65262S-9 
76161-2 
76161A-2 
76161A-5 
76161B-5 
76641-2 
76641-5 
76641A-5 
7681-2 
7681-5 
7681A-5 


CYPRESS 
PREFIX:CY 
PREFIX:CY 
SUFFIX:B 
SUFFIX:D 
SUFFIX:F 
SUFFIX:L 
SUFFIX:P 
PALCI6L8L--35C 
PALCI6L8-40M 
PALCI6L8-40M 
PALCI6R4L--35C 
PALC16R4-40M 
PALCI6R4-40M 
PALCI6R6L--35C 
PALCI6R6-40M 
PALCI6R6-40M 
PALCI6R8L--35C 
PALCI6R8-40M 
PALCI6R8-40M 
7C291-50M 
7C291-50C 
7C291-50M 
7C291-50C 
7C291-35C 
7C281-45C 
7C281-45C 
6116-55C' 
6116-55M' 
6116-55M' 
6116-55C' 
6116-55M' 
6116-55M' 
6116-55M' 
6116-55M' 
6116-55C' 
6116-55M' 
7C167-45M' 
7C167-45M' 
7C167-45M' 
7C167-45M' 
7C167-45M' 
7C167-45M' 
7C292-50M 
7C292-50M 
7C292-5OC 
7C292-35C 
7C264-55M 
7C264-55C 
7C264-45C 
7C282-45M 
7C282-45C 
7C282-45C 


HITACHI 
PREFIX:HM 
PREFlX:HN 
SUFFIX:CG 
SUFFIX:G 
SUFFIX:P 
100422C 
100474-IOC 
100474-8C 


Note: Unless otherwise 
noted, product 
meets all performance 
specs and is within 10 mA on Ice and 5 mA on IsB; 
+ = 
meets all performance specs but may not meet Ice or Is8; 
meets all performance specs except 2V data retention-may 
not meet Ice or Is8; 


functionally 
equivalent. 


t 
SOIC only 


~ 
32-pin LCC crosses to the 7CI98M 


CYPRESS 
PREFIX:CY 
PREFIX:CY 
SUFFlX:L 
SUFFIX:D 
SUFFIX:P 
100E422L--7C 
100E474L--7C 
100E474L--7C 


HITACHI 
CYPRESS 
100474C 
100E474lr-7C 
100494-10 
101E494-IOC 
100494-12 
100E494lr-12C 
101494-10 
101E494-IOC 
101494-12 
101E494lr-1OC 
10422C 
10E422lr-7C 
10474-IOC 
lOOE474lr-7C 
10474-8C 
1OE474lr-7C 
10474C 
1OE474lr-7C 
10494-10 
1OE494-1OC 
10494-12 
10E494lr-12C 
25089 
7C282-45C 
25089S 
7C282-45C 
25169S 
7C292-5OC 
27256G-2SC 
7C274-SSC 
272S6G-3OC 
7C274-5SC 
27C2S6G-17C 
7C274-SSC 
27C2S6G-2OC 
7C274-SSC 
27C2S6G-25C 
7C274-S5C 
27C2S6G-30C 
7C274-SSC 
27C256GHG-70C 
7C274-S5C 
27C256GHG-8SC 
7C274-SSC 
27512G-2SC 
7C286-70C 
27S12G-30C 
7C286-70C 
4847 
2147-55C 
4847-2 
2147-4SC 
4847-3 
2147-SSC 
6116ALS-12 
6116-SSC· 
6116ALS-15 
6116-SSC· 


6116ALS-20 
6116-SSC· 


6116AS-12 
6116-5SC+ 


6116AS-IS 
6116-55C+ 


6116AS-20 
6116-SSC+ 


6147 
7CI47-4SC· 


6147-3 
7CI47-4SC· 
6147H-35 
7CI47-3SC+ 


6147H-4S 
7CI47-4SC+ 


6147H-55 
7CI47-4SC+ 


6147Hlr-3S 
7C147-3SC· 


6147Hlr-45 
7CI47-45C· 


6147Hlr-SS 
7CI47-SSC· 


6148 
7C148-4SC 
6148H-3S 
21I.A8-3SC 
6148H-4S 
7CI48-4SC+ 


6148H-55 
7C1484SC+ 
6148Hlr-3S 
21I.A8-3SC· 
6148HL-4S 
7CI48-4SC- 
6148Hlr-55 
7CI48-45C· 
6148L 
7CI48-4SC· 


6167-6 
7CI67-4SC+ 


6167-8 
7CI67-45C+ 


6167H-SS 
7C167-45C 
r 


6167H-70 
7C167-4SC 
6167Hlr-SS 
7CI67-4SC· 


6167Hlr-70 
7CI67-4SC· 


6167lr-6 
7C167-45C· 
6167lr-8 
7CI67-45C· 


6168H-45 
7CI68-45C+ 
6168H-55 
7CI68-4SC+ 
6168H-70 
7CI68-4SC+ 
6168Hlr-45 
7CI68-4SC· 
6168HL-SS 
7C168-4SC· 


HITACHI 
CYPRESS 


6168Hlr-70 
7CI68-4SC· 


62071'-35 
7C197-3S 
6207P-4S 
7C197-45 


62081'-35 
7C194-35 


62081'-45 
7C194-4S 
62256 
7C198· 


6264-10 
7CI86-5SC+ 


6264-12 
7CI86-SSC+ 
6264-IS 
7CI86-SSC+ 
6267-3S 
7CI67-3SC+ 
6267-4S 
7C167-4SC 
6268-2S 
7C168-2SC 


6268-3S 
7C168-3SC 
62832H 
7C199+ 


62832 
7CI99 


6287-4S 
7C187-45C 
6287-SS 
7C187-4SC 
6287-70 
7C187-4SC 
6288-3S 
7C164-3SC 
6288-4S 
7C164-4SC 


6288-SS 
7CI64-4SC 
67071-2S 
7C197-2S 


6707P-2S 
7C197-2S 


67081-2S 
7C194-25 


6708P-2S 
7C194-2S 


6716 
7C128-2SC 
6787-30 
7C187-2SC 
6788-2S 
7C164-2SC 
6788-30 
7C164-2SC 
6788HA-12 
7Bl64-12C 
,. 


6789HA-12 
7B166-12C 


lOT 
CYPRESS 
PREFIX:IDT 
PREFIX:CY 
PREFIX:IDT 
PREFIX:CYM 


SUFFIX:B 
SUFFIX:B 


SUFFIX:O 
SUFFIX:O 


SUFFIX:F 
SUFFIX:F 


SUFFIX:L 
SUFFIX:L 


SUFFIX:P 
SUFFIX:P 
l00484S7 
100E484lr-7C 


100494S8 
101E494-8C 


100494SI0 
101E494-IOC 
101484S7 
100E484lr-7C 


101494S7 
101E494-7C 


101494S8 
101E494-8C 


101494S1O 
101E494-IOC 


10484S7 
10E484lr-7C 
10494S7 
10E494-7C 


10494S8 
1OE494-8C 


10494SI0 
1OE494-IOC 
39COICB 
7C901-32M+ 


39COICC 
2901CC+ 
39COICM 
2901CM+ 
39COIDB 
7C901-27M+ 


39COIDC 
7C901-23C+ 


39C09A 
7C909-4OC+ 


39C09AB 
7C909-40M 


39C1OB 
7C910,-SOC- 
39CIOBB 
7C91O-5IM 


39CllA 
7C911-4OC+ 


39CIIAD 
7C911-40M+ 


lOT 
CYPRESS 


49C401 
7C9101-40C- 
49C401 
7C9101-4SM- 


6116SA2S 
7C128A-2SC 
6116SA3S 
7C128A-3SC 
6116SA35 
6116A-35C 
6116SA35B 
7C128A-35MB 
6116SA35B 
6116A-35MB 
6116SA45 
7C128A-4SC 


6116SA45 
6116A-45C 


6116SA45B 
7CI28A-4SMB 


6116SA45B 
6116A-45MB 


6116SAS5B 
7C128A-55MB 


6116SA55D 
6116A-55MD 
6116SA70D 
7C128A-55MB 
6116SA90D 
6116A-5SMB 
6116SA120B 
7C128A-55MB 
6116SAI50B 
6116A-5SMB 
61298SA25 
7C196-25C 


61298SA25B 
7C196-25MD 


61298SA35 
7C196-35C 


61298SA35D 
7C196-35MB 


61298SA45 
7C196-45C 
61298SA45B 
7C196-4SMB 
61298SA55 
7C196-45 
61298SA55B 
7C196-45MB 
61298SA70B 
7C196-45MD 
6167S55BA 
7C167-25C 
6167SA35 
7C167-35C 
6167SA35B 
7C167-35MB 
6167SA45B 
7C167-45MB 
6167SA55B 
7C167-45MB 
6167SA70B 
7C167-45MB 
6167SA85B 
7C167-45MB 
6167SA100B 
7C167-45MB 
6168SAI5 
7C168-15C 
6168SA20 
7C168-2OC 
6168SA25 
7C168-25C 
6168SA25B 
7C168-25MB 
6168SA35 
7C168-35C 
6168SA35B 
7C168-35MB 
6168SA45B 
7C168-45MB 


6168SA55B 
7C168-4SMD 


6168SA70B 
7C168-45MB 
6168SA90B 
7C168-45MD 
6168SA100B 
7Cl68-45MD 
6168SA25 
7C168A-25C 
6168SA35 
7C168A-35C 
6168SA35B 
7C168A-35MB 
6168SA45B 
7C168A-45MB 
6168SA55B 
7C168A-45MB 
6168SA70B 
7C168A-45MB 
6168SA90B 
7C168A-45MB 


6168SA100D 
7Cl68A-45MB 


6197SA25 
7C170-25C 
6197SA35 
7C170-35C 
6197SA35B 
7C170-35MD 
6197SA45B 
7C170-45MB 
6197SA55 
7C170-45C 
6197SAS5B 
7C170-45MB 
6198SAI5 
7C166-15C 


6198SAI9 
7C166-15C 
6198SA20 
7C166-20C 


lOT 
CYPRESS 


6198SA20B 
7C166-A20MB 


6198SA25 
7C166-25C 


6198SA25B 
7C166-A25MB 


6198SA30 
7C166-25C 


6198SA30B 
7C166-A25MB 


6198SA45 
7C166-45C 


6198SA45B 
7Cl66-A45MB 


6198SA55B 
7C166-A45MB 


6198SA70B 
7C166-A45MB 


6198SA85B 
7C166-A45MB 
71024SA45 
7CI08-45 
71024SA55 
7C108-45 
71024SA70 
7CI08-45 
71024SA90 
7CI08-45 
71256SA25 
7C198-25C 


71256SA30 
7C198-25C 
71256SA30B 
7C198-25MB 
71256SA35 
7C198-35C 


71256SA35B 
7C198-35MB 


71256SA45 
7C198-45C 
71256SA45B 
7C198-45MB 


71256SA55 
7C198-55C 
71256SA55B 
7C198-55MB 


71256SA70 
7C198-55C 


71256SA70B 
7C198-55MB 


71256SA85B 
7C198-55MB 
71256SAI00B 
7C198-55MB 


71257SA25 
7C197-25C 
71257SA25B 
7C197-25MB 


71257SA35 
7C197-35C 
71257SA35B 
7C197-35MB 


71257SA45 
7C197-45C 


71257SA45B 
7C197-45MB 


71257SA55 
7CI97-45C 


71257SA55B 
7C197-45MB 


71257SA70B 
7C197-45MB 
71258SA25 
7C194-25C 


71258SA25B 
7C194-25MB 


71258SA35 
7C194-35C 


71258SA35B 
7C194-35MB 
71258SA45 
7C194-45C 


71258SA45B 
7C194-45MB 


71258SA55 
7C194-45C 


71258SA55B 
7C194-45MB 


71258SA70B 
7C194-45MB 


71281SA25 
7C191-25C 


71281SA25B 
7C191-25MB 


71281SA35 
7C191-35C 


71281SA35B 
7C19l-35MB 


71281SA45 
7C191-45C 


71281SA45B 
7C19l-45MB 


71281SA55 
7C191-45C 


71281SA55B 
7CI9l-45MB 


71281SA70B 
7C19l-45MB 


71282SA 
7CI92-25C 


71282SA 
7CI92-25MB 


71282SA 
7CI92-35C 


71282SA 
7C192-35MB 


71282SA 
7CI92-45C 


71282SA 
7C192-45MB 


71282SA 
7C192-45C 


71282SA 
7C192-45MB 


lOT 
CYPRESS 
712825A 
7C192-45MB 
7130SA25 
7C130-25C 
7130SA25L52 
7C131-25C 
7130SA30 
7C130-25C 
7130SA30L52 
7C131-25C 
7130SA35 
7C130-35C 
7130SA35L52 
7C131-35C 
7130SA45 
7C130-45C 
7130SA45B 
7C130-45MB 
7130SA45L32 
7C131-45C 
7130SA45L32B 
7C131-45MB 
7130SA55 
7C130-55C 
7130SA55B 
7C130-55M 
7130SA55L32 
7C131-55C 
7130SA5 5L32B 
7C13l-55MB 
7130SA70 
7C130-55C 
7130SA70B 
7C130-55MB 
7130SA70L32 
7C131-55C 


7130SA70L32B 
7C13l-55MB 
7130SA90 
7C130-55C 
7130SA90B 
7C130-55MB 
7130SA90L32 
7C13l-55C 
7130SA90L32B 
7C131-55MB 
7130SAl00 
7C130-55C 
7130SA100B 
7C130-55MB 
7130SAl00L32 
7C131-55C 
7130SA100L32B 
7C131-55MB 
7132LlOO 
7C132-55C· 
7132LlOOB 
7C132-55M· 
7132Ll20B 
7C132-55M· 
7132L55 
7C132-55C· 
7132L70 
7CI32-55C· 
7132L70B 
7C132-55M· 
7132L90 
7CI32-55C· 
7132L90B 
7C132-55M· 
7132S100 
7C132-55C+ 
7132S100B 
7C132-55M+ 
7132S120B 
7C132-55M+ 
7132S55 
7C132-55C+ 
7132S70 
7C132-55C+ 
7132S70B 
7C132-55M+ 
7132590 
7Cl32-55C+ 
7132590B 
7C132-55M+ 
71321S25 
7C132-25C 
71321S35 
7C132-35C 
71321S45 
7C132-45C 
7140SA25 
7C140-25C 
7140SA25L52 
7C141-25C 
7140SA30 
7C140-25C 
7140SA30L52 
7C141-25C 
7140SA35 
7C140-35C 
7140SA35L52 
7C141-35C 
7140SA45 
7C140-45C 
7140SA45B 
7C140-45MB 
7140SA45L32 
7C141-45C 
7140SA45L32B 
7C141-45MB 
7140SA55 
7C140-55C 
7140SA55B 
7C140-55MB 
7140SA55L32 
7C141-55C 
7140SA55L32B 
7C141-55MB 
7140SA70 
7C140-55C 
7140SA70B 
7C140-55MB 


lOT 
CYPRESS 
7140SA70L32 
7C141-55C 


7140SA 70L32B 
7C141-55MB 


7140SA90 
7C140-55C 


7140SA90B 
7C140-55MB 


7140SA90L32 
7C141-55C 


7140SA90L32B 
7C141-55MB 


7140SAI00 
7C140-55C 
7140SAI00B 
7C140-55MB 


7140SAI00L32 
7C141-55C 


7140SAl00L32B 
7C141-55MB 
71421S25 
7C142-25C 


71421S35 
7C142-35C 
71421S45 
7C142-45C 


71421S55 
7C142-55C 


71421S70 
7C142-55C 


71421S90 
7C142-55C 


7188SA35 
7C164-35C 


7188SA35B 
7C164A-35MB 


7188SA45 
7C164-45C 


7188SA45B 
7CI64A-45MB 


7188SA55B 
7Cl64A-45MB 
7188SA70B 
7CI64A-45MB 
7188SA85B 
7CI64A-45MB 


7164SA20 
7C185-2OC 


7164SA20P 
7C186-2OC 


7164SA25 
7C185-25C 


7164SA25B 
7C185-25MB 


7164SA25P 
7C186-25C 


7164SA25PB 
7C186-25MB 


7164SA30 
7C185-25C 


7164SA30B 
7C185-25MB 
7164SA30P 
7C186-25C 


7164SA30PB 
7C186-25MB 


7164SA35 
7C185-35C 


7164SA35B 
7C185-35MB 
7164SA35P 
7C186-35C 
7164SA35PB 
7C186-35MB 
7164SA45 
7C185-45C 


7164SA45B 
7C185-45MB 


7164SA45P 
7C186-45C 


7164SA45PB 
7C186-45MB 


7164SA55B 
7C185-55MB 


7164SA55BP 
7C185-55MB 


7164SA70B 
7C186-55MB 


7164SA70BP 
7Cl86-55MB 


7164SA85B 
7C185-55MB 


7164SA85BP 
7C185-55MB 


71681SA25 
7C110A-25C 


71681SA25B 
7C170A-25MB 


71681SA35 
7C170A-35C 


71681SA35B 
7C170A-35MB 


71681SA45 
7C170A-45C 


71681SA45B 
7C170A-45MB 
71681SA55B 
7C170A-45MB 
71681SA70B 
7C170A-45MB 
71681SA85B 
7C170A-45MB 
71681SA100B 
7C170A-45MB 


716825A25 
7CI72A-25C 


71682SA25B 
7CI72A-25MB 


71682SA35 
7CI72A-35C 


71682SA35B 
7CI72A-35MB 


71682SA45 
7CI72A-45C 


Note: Unless otherwise 
noted, product 
meets all performance 
specs and is within 10 mA on lee and 5 mA on IsB; 


+ = 
mects all performance 
specs but may not meet lee or IsB; 


meets all performance 
specs except 2V data retention-may 
not meet lee or IsB; 


functionally 
equivalent. 


t 
SOIC only 
~ 
32-pin LCC crosses to the 7C198M 


lOT 
CYPRESS 


71682SA45B 
7CI72A-45MB 


716815A55B 
7CI72A-45MB 


716825A70B 
7CI72A-45MB 


716825A85B 
7CI72A-45MB 
716825AlOOB 
7CI72A-45MB 
7187SA15 
7C187-15C 


71875A20 
7C187-2OC 
71875A25 
7C187-25C 


7187SA25B 
7C187-25MB 


71875A30 
7C187-25C 


71875A30B 
7C187-25MB 
71875A35 
7C187-35C 
71875A35B 
7C187-35MB 
71875A45 
7C187-45C 


71875A45B 
7C187-45MB 


71875A55B 
7C187-45MB 


71875A70B 
7C187-45MB 


71875A85B 
7C187-45MB 


71885A15 
7C164-15C 


7188SA20 
7C164-2OC 


7188SA20B 
7C164A-20MB 


71885A25 
7C164-25C 


71885A25B 
7C164A-25MB 


71885A30 
7C164-25C 


71981535 
7C161-35C 


71981535B 
7C161-35M 
71981545 
7C161-45C 


71981545B 
7C161-45M 
71981555 
7C161-45C 


71981555B 
7C161-45M 


71981S70 
7C161-45C 


71981S70B 
7C161-45M 


71981585B 
7C161-45M 


71981535 
7C162-35C 
71981535B 
7C162-35M 
71982545 
7C162-45C 
71982545B 
7C162-45M 
71982555 
7C162-45C 
71982555B 
7C162-45M 


71982570 
7C162-45C 


71981570B 
7C162-45M 
71981585B 
7C162-45M 
7198535 
7C166-35C 
7198535B 
7C166-35M 
7198545 
7C166-45C 


7198545B 
7C166-45M 


7198555 
7C166-45C 


7198555B 
7C166-45M 
7198570 
7C166-45C 
7198570B 
7C166-45M 


7198585B 
7C166-45M 


72011AI20 
7C420-65C+ 


72011A120B 
7C420-65M+ 


72011A35 
7C420-30C+ 


72011A40B 
7C420-40M+ 


72011A50 
7C420-4OC+ 


72011A50B 
7C420-40M+ 


72011A65 
7C420-65C+ 


72011A65B 
7C420-65M+ 


72011A80 
7C420-65C+ 
72011A80B 
7C420-65M+ 
72015A120 
7C420-65C 


lOT 
CYPRESS 
72015A120B 
7C420-65M 
72015A35 
7C420-3OC 
72015A40B 
7C420-40M 
7201SA50 
7C420-4OC 
72015A50B 
7C420-40M 
72015A65 
7C420-65C 
72015A65B 
7C420-65M 
7201SA80 
7C420-65C 
7201SA80B 
7C420-65M 
72011A25T 
7C421-25C 
72011A30TB 
7C421-30M 
72011A35T 
7C421-3OC 
720 11A40TB 
7C421-40M 
72011A50TB 
7C421-40M 
72011A65T 
7C421-65C 
72011A50T 
7C421-4OC 
72011A65TB 
7C421-65M 
72015A25T 
7C421-25C 
72015A3OTB 
7C421-30M 
72015A35T 
7C421-30C 
72015A4OTB 
7C421-40M 
7201SA5OT 
7C421-4OC 
7201SA5OTB 
7C421-40M 
72015A65T 
7C421-65C 
72015A65TB 
7C421-65M 
72021A120 
7C424-65C+ 
72021A120B 
7C424-65M+ 
72021A25 
7C424-25C 
72021A35 
7C424-30C+ 
72021A40D 
7C424-40M+ 


72021A50 
7C424-4OC+ 


72021A50D 
7C424-40M+ 
72021A65 
7C424-65C+ 
72021A65B 
7C424-65M+ 
72021A80 
7C424-65C+ 
72021A80B 
7C424-65M+ 
7202SA120 
7C424-65C 
7202SA120B 
7C424-65M 
7202SA25 
7C424-25C 
7202SA35 
7C424-3OC 
7202SA40B 
7C424-40M 
7202SA50 
7C424-4OC 
7202SA50B 
7C424-40M 
7202SA65 
7C424-65C 
7202SA65B 
7C424-65M 
7202SA80 
7C424-65C 
7202SA80B 
7C424-65M 
72021A25T 
7C425-25C 
72021A30TB 
7C425-30M 
72021A35T 
7C425-3OC 
72021A40TD 
7C425-40M 
72021A50T 
7C425-40C 
72021A50TB 
7C425-40M 
72021A65T 
7C425-65C 
72021A65TB 
7C425-65M 
7202SA25T 
7C425-25C 
72015A3OTB 
7C425-30M 
7202SA35T 
7C425-3OC 
7202SA4OTB 
7C425-40M 
7202SA5OT 
7C425-40C 
7202SA5OTB 
7C425-40M 
72025A65T 
7C425-65C 


lOT 
CYPRESS 


72015A65TB 
7C425-65M 
72031.50 
7C428-4OC 


72031.50B 
7C428-40M 
72031.5OT 
7C429-4OC 


72031.65 
7C428-65C 


72031.65B 
7C428-65M 
72031.65T 
7C429-65C 


7203550 
7C428-4OC 


7203550B 
7C428-40M 


7203S5OT 
7C429-4OC 


7203565 
7C428-65C 


7203565B 
7C428-65M 
7203S65T 
7C429-65C 


720455350 
7C432-300+ 


72045S350 
7C432-400+ 


72045S351 
7C433-30LC+ 
72045S35P 
7C432-30P+ 


72045S35P 
7C433-65P+ 
72045S401 
7C433-40LMD 
72045S500 
7C432-650+ 
72045S501 
• 
7C433-40LC 
+ 
72045S50P 
7C433-40P+ 
72045S651 
7C433-65LC 
+ 
7210-120B 
7C51O-75M 
7210-200B 
7C51O-75M+ 


7210-55B 
7C510-55M 


7210-65B 
7C510-65M 


721O-75B 
7C51O-75M 


7210-85B 
7C51O-75M 
721OL-45 
7C510-45C+ 
72IOLlOO 
7C510-75C+ 


72 lOLl 65 
7C510-75C+ 


72101.55 
7C51O-55C+ 


72101.65 
7C51O-65C+ 


7210L75 
7C510-75C+ 
7216Ll20B 
7C516-75M+ 
7216Ll40 
7C516-75C+ 
7216Ll85B 
7C516-75M+ 
72161.55 
7C516-55C+ 


72161.55B 
7C516-55M+ 
72161.65 
7C516-65C+ 
72161.65B 
7C516-65M 


7216L75 
7C516-75C+ 
7216L75D 
7C516-75M 


7216L90 
7C516-75C+ 
7216L90B 
7C516-75M+ 


7217Ll20B 
7C517-75M+ 
7217Ll40 
7C517-75C+ 


7217Ll85B 
7C517-75M+ 


7217L45 
7C517-45C+ 


72171.55 
7C517-55C+ 
72171.55 
7C517-55C+ 
72171.55B 
7C517-55M 
72171.65 
7C517-65C+ 
72171.65D 
7C517-65M 
7217L75 
7C517-75C+ 
7217L75B 
7C517-75M 
7217L90 
7C517-75C+ 
7217L90B 
7C517-75M+ 


72401LlO 
7C401-IOC 


72401LlOB 
7C401-IOMB 
72401Ll5 
7C401-15C 


• 


72401L15B 
7C401-15MB 
7M624S3OC 
1621HD-3OC 
8M824~IUUN 
!4LIHU-~)L. 


72401L25 
7C401-25C 
7M624S35C 
1621HD-35C 
8M824S35C 
14201ID-35C 
72401L25B 
7C401-25MB 
7M624S35C13 
162IHD-35MB 
8M824S40C 
1420HD-35C 
72401L35 
7C401-25C 
7M624S45C 
1621HD-45C 
8M824S45C 
14201ID-45C 
72401L35B 
7C401-25MI3 
7M624S45C13 
1621HD-45MB 
8M824S45C13 
1420HD-45MB 
72401L45 
7C401-25C 
7M624S55C 
1621HD-45C 
8M824S45N 
1423PD-45C 
72402L10 
7C402-1OC 
7M624S55CB 
1621HD-45MB 
8M824S5OC 
1420HD-45C 
72402L10B 
7C402-10MB 
7M624S65C 
1621HD-45C 
8M824S5OCB 
1420HD-45MI3 
72402L15 
7C402-15C 
7M624S65CB 
162IHD-45MI3 
8M824S50N 
1423PD-45C 
72402L15B 
7C402-15MB 
7MC4005S2OCV 
161IHV-2OC 
8M824S6OC 
1420HD-55C 
72402L25 
7C402-25C 
7MC4005S25CV 
161IHV-25C 
8M824S60CB 
1420HD-55MI3 
72402L25B 
7C402-25MB 
7MC4005S25CV13 
1611HV-25MI3 
8M824S60N 
1423PD-55C 
72402L35 
7C402-25C 
7MC4005S3OCV 
1611HV-30C 
8M824S7OC 
142IHD-7OC 
72402L35B 
7C402-25MB 
7MC4005S3OCVB 
161IHV-30MI3 
8M824S7OCB 
1420HD-55MB 
72402L45 
7C402-25C 
7MC4005S35CV 
1611HV-35C 
8M824S70N 
1423PD-7OC 
72403L10 
7C403-1OC 
7MC4005S35CV13 
1611HV-35MI3 
8M824S85CB 
1420HD-55MI3 
72403L10B 
7C403-IOMB 
7MC4005S45CV 
1611HV-45C 
8M824S85N 
1421HD-85C 
72403L15 
7C403-15C 
7MC4005S45CV13 
1611HV-45MI3 
8MP624S40S 
1626PS-35C 
72403L15B 
7C403-15MB 
7MC4005S55CV 
1611HV-45C 
8MP624S45S 
1626PS-45C 
72403L25 
7C403-25C 
7MC4005S55CVB 
1611HV-45MI3 
8MP624S50S 
1626PS-45C 
72403L25B 
7C403-25MB 
7MC4032S20CV 
1822HV-20C 
8MP624S60S 
1626PS-45C 
72403L35 
7C403-25C 
7MC4032S25CV 
1822HV-25C 
8MP824S40S 
1422PS-35C 
72403L35B 
7C403-25MB 
7MC4032S25CVB 
1822HV-25MB 
8MP824S45S 
1422PS-45C 
72403L45 
7C403-25C 
7MC4032S3OCV 
1822HV-3OC 
8MP824S50S 
1422PS-45C 
72404L10 
7C404-1OC 
7MC4032S3OCVB 
1822HV-30MB 
8MP824S60S 
1422PS-55C 
72404L10B 
7C404-IOMB 
7MC4032S4OCV 
1822HV-35C 
8MP824S70S 
1422PS-55C 
72404L15 
7C404-15C 
7MC4032S4OCVB 
1822HV-35MB 


72404L15B 
7C404-15MB 
7MC4032S50CV 
1822HV-45C 
1NMOS 
CYPRESS 


72404L25 
7C404-25C 
7MC4032S50CV13 
1822HV-45MI3 
PREF1X:1MS 
PREF1X:CY 
72404L25B 
7C404-25MB 
7MC4032S7OCVB 
1822HV-45MB 
SUFFIX:B 
SUFFIX:B 
72404L35 
7C404-25C 
7MP4008L100S 
1461 PS-IOOC 
SUFFIX:P 
SUFFIX:P 
72404L35B 
7C404-25MB 
7MP4008L70S 
1461PS-70C 
SUFF1X:S 
SUFFIX:D 
72404L45 
7C404-25C 
7MP4008L85S 
1461PS-85C 
SUFF1X:W 
SUFFIX:L 
7M205S4OC 
M421O-4OC 
7MP4008S35S 
1460PS-35C 
1203-25 
7CI47-25C+ 
7M205S4OCB 
M421O-40MI3 
7MP4008S45S 
1460PS-45C 
1203-35 
7CI47-35C+ 


7M205S5OC 
M421O-50C 
7MP4008S55S 
1460PS-55C 
1203-45 
7CI47-45C+ 


7M205S5OCB 
M421O-50MI3 
7MP4008S70S 
1460PS-70C 
1203M-35 
7CI47-35M+ 
7M205S7OC 
M4210-65C 
8M624S100CB 
1620HD-55MI3 


7M205S7OCB 
M421O-65MB 
8M624S35C 
1620HD-35C 
INTEL 
CYPRESS 
7M206S4OC 
M421O-4OC 
8M624S4OC 
1620HD-35C 
PREFIX:D 
SUFFIX:D 
7M206S4OCB 
M4210-40MB 
8M624S45C 
1620HD-45C 
PREFIX:L 
SUFFIX:L 
7M206S5OC 
M421O-50C 
8M624S50C 
1620HD-45C 
PREFIX:P 
SUFFIX:P 
7M206S5OCB 
M4210-50MB 
8M624S50CB 
1620HD-45MB 
SUFFIX:/B 
SUFFIX:B 


7M206S7OC 
M421O-65C 
8M624S60C 
1620I-ID-55C 
1223-25 
7C148-25C 
7M206S70CB 
M421O-65MB 
8M624S60CB 
1620I-lD-55MB 
1223-35 
7C148-35C 
7M4016S25C 
1641HD-25C 
8M624S7OC 
1620HD-55C 
1223-45 
7C148-45C 
7M4016S35C 
1641HD-35C 
8N624S70CB 
1620J-ID-55MI3 
1223M-35 
7CI48-25M+ 
7M4016S35CB 
164UID-35MB 
8N624S85CB 
1620HD-55MI3 
1223M-45 
7CI48-45M+ 
7M4016S45C 
1641HD-45C 
8M656S4OC 
1610HD-35C 
1400-35 
7C167-35C 
7M4016S45CB 
1641HD-45MB 
8M656S50C 
161OHD-45C 
1400-45 
7C167-45C 
7M4016S55C 
1641HD-55C 
8M656S50CB 
1610HD-45MB 
1400-55 
7C167-45C 
7M4016S55CB 
1641HD-55MB 
8M656S60C 
1610HD-45C 
1400M-45 
7C167-45M 
7M4016S70CB 
164IHD-55MB 
8M656S60CB 
161OHD-45MB 
1400M-55 
7C167-45M 
7M4017S40C 
1830HD-35C 
8M656S70C 
1610HD-45C 
1400M-70 
7C167-45M 
7N4017S45C 
1830HD-45C 
8M656S7OCB 
161OHD-45MB 
1403-25 
7C167-25C 
7M4017S5OC 
1830HD-45C 
8M656S85C 
1610HD-45C 
1403-35 
7CI67-35C+ 
7M4017S5OCB 
1830HD-45MB 
8M656S85CB 
161OHD-45MB 
1403-45 
7CI67-45C+ 
7M4017S55C 
1830HD-55C 
8M824L100C 
1421HD-85C 
1403-55 
7CI67-45C+ 
7M4017S60C 
1830HD-55C 
8M824L100N 
142IHD-85C 
1403LM-35 
7CI67-35M" 


7M4017S60CB 
1830HD-55MB 
8M824L85C 
1421HD-85C 
1403M-35 
7CI67-35M+ 
7M4017S70C 
1830HD-55C 
8M824L85N 
1421HD-85C 
1403M-45 
7CI67-45M+ 
7M4017S70CB 
1830HD-55MB 
8M824S100CB 
1420HD-55MB 
1403M-55 
7CI67-45M+ 


Nole: Unless othcrwise 
noted, product 
mects all performance 
specs and is within 10 mA on lee and 5 mA on ISB; 
+ 
meets all performance 
specs but may not meet lee or ISB; 


meets all performance 
specs except 2V data retention 
- 
may not meet Ice 
or IsB; 


functionally 
equivalent. 


t 
SOIC only 


t 
32-pin LeC crosses to the 7Cl98M 
1-20 


INTEL 
CYPRESS 
1403M-70 
7CI67-45M+ 
1420-45 
7C168-35C 
1420-55 
7C168-45C 


1420M-55 
7CI68-45M+ 


1420M-70 
7C168-45M 


1421C-40 
7C169-4OC 


1423-25 
7CI68-25C+ 
1423-35 
7CI68-35C+ 
1423-40 
7CI68-45C+ 
1423M-35 
7CI68-35M· 
1423M-45 
7CI68-45M· 
1423M-55 
7CI68-45M· 
1433-30 
7CI28-25C+ 
1433-35 
7C128-35C+ 
1433-45 
7CI28-45C+ 


1433-55 
7CI28-55C+ 
1433M-35 
7CI28-35M+ 
1433M-45 
7CI28-45M+ 


1433M-55 
7CI28-55M+ 
1600-35 
7C187-35C 
1600-45 
7C187-45C 


1600-55 
7C187-45C 
1600-70 
7C187-45C 


1600M-45 
7CI87-45M+ 


1600M-55 
7CI87-45M+ 
1600M-70 
7C187-45M+ 
1601LM-45 
7CI87-45M+ 
1601LM-55 
7CI87-45M+ 
1601LM-70 
7CI87-45M+ 
1620-35 
7C164-35C 


1620-45 
7CI64-45C+ 
1620-55 
7CI64-45C+ 


1620-70 
7CI64-45C+ 
1620M-45 
7C164-45M 
1620M-55 
7C164-45M 
1620M-70 
7C164-45M 
1624-35 
7CI66-35C+ 
1624-45 
7CI66-45C+ 
1624-55 
7CI66-45C+ 
1624-70 
7CI66-45C+ 
1624M-45 
7C166-45M 
1624M-55 
7C166-45M 


1624M-70 
7C166-45M 


1625-25 
7C164-25C 


1625-35 
7C164-35C 


1625M-35 
7C164-45M 
1625M-45 
7C164-45M 
1630-45 
7CI86-45C+ 
1630-55 
7C186-55C+ 


1630-70 
7CI86-55C+ 


1630LM-70 
7C186-55M 


1630M-45 
7C186-45M 
1630M-55 
7CI86-55M+ 


1630M-70 
7C186-55M 
1800-30 
7C197-25C 


1800-35 
7C197-35C 


1800-45 
7C197-45C 


1800M-35 
7C197-35M 
1800M-45 
7C197-45M 
1800P-35 
7C194-35 
1820-25 
7C194-25C 
1820-35 
7C194-35C 


INTEL 
1820-45 
1820P-35 
1820P-45 
1830-45 
2147H 
2147H-I 
2147H-2 
214711-3 
2147HL 
2148H 
2148H-2 
2148H-3 
21481-IL 
2148HL-3 
21491-1 
2149H-I 
2149H-2 
214911-3 
2149HL 
27256-1C 
27256-2C 
27512-17 
27512-20 
27512-25 
27512-30 
2764A-l 
2764A-2 
51C66-25 
51C66-30 
51C66-35 
51C66-35L 
51C67-30 
51C67-35 
51C67-35L 
51C68-30 
51C68-35 
M214711-3 
M214811 
M2149H 
M214911-2 
M2149J-1-3 


CYPRESS 
7C194-45C 
7C194-35 
7C194-45 
7C198-45 
2147-55C 
2147-35C 
2147-45C 
2147-55C 
7C147-45C 
2148-55C 
2148-45C 
2148-55C 
21L48-55C 
21L48-55C 
2149-55C 
2149-35C 
2149-45C 
2149-55C 
21L49-55C 
7C274-55C 
7C274-55C 
7C286-70C 
7C286-70C 
7C286-7OC 
7C286-7OC 
7C266-55C 
7C266-55C 
7CI67-25C- 
7C167-25C- 
7CI67-25C- 
7C167-25C- 
7CI67-25C+ 
7CI67-35C+ 
7C167-35C+ 
7C168-25C+ 
7C168-35C+ 
7C169-40M 
2148-55M 
2149-55M 
2149-45M 
2149-55M 


LATTICE 
CYPRESS 
16V8-25L 
PALCI6R4-25C 


16V8-25L 
PALC16R6-25C 


16V8-25L 
PALCI6R8-25C 


16V8-25Q 
PALCI6L8L-25C 


16V8-25Q 
PALC16R4L-25 


16V8-25Q 
PALC16R6L-25 


16V8-25Q 
PALC16R8L-25 


16V8-30 
PALCI6L8-30M 
16V8-30 
PALCI6R4-30M 


16V8-30 
PALCI6R6-30M 


16V8-30 
PALCI6R8-30M 


16V8-30L 
PALCI6L8-30M 


16V8-30L 
PALCI6R4-30M 


16V8-30L 
PALCI6R6-30M 


16V8-30L 
PALCI6R8-30M 


16V8-30Q 
PALCI6L8-30M 


16V8-3OQ 
PALCI6R4-30M 


16V8-3OQ 
PALCI6R6-30M 


16V8-30Q 
PALCI6R8-30M 


16V8-35 
PALCI6L8-35C 


16V8-35 
PALCI6R4-35C 


16V8-35 
PALCI6R6-35C 


16V8-35 
PALCI6R8-35C 


16V8-35L 
PALCI6L8-35C 


16V8-35L 
PALCI6R4-35C 


16V8-35L 
PALCI6R6-35C 


16V8-35L 
PALCI6R8-35C 


16V8-35Q 
PALCI6L8L-35C 


16V8-35Q 
PALCI6R4L-35C 


16V8-35Q 
PALCI6R6L-35C 


16V8-35Q 
PALCI6R8L-35C 


16V8A 
PALCI6L8 


16V8A 
PALC16R4 


16V8A 
PALC16R6 
16V8A 
PALC16R8 


16V8AJ883C 
PALCI6L8-MB 


16V8AJ883C 
PALCI6R4-MB 


16V8AJ883C 
PALCI6R6-MI3 


16V8AJ883C 
PALCI6R8-MI3 


20RAlO 
PLDC20RAlO 
20RAlO/883C 
PLDC20RA 
lO-MI3 


20V8-25 
PLDC20G 1O-25C 


20V8-25L 
PLDC20G 1O-25C 


20V8-25Q 
PLDC20G 1O-25C 


20V8-35 
PLDC20G 1O-30M 


20V8-35 
PLDC20GI0-35C 


20V8-35L 
PLDC20GI0-30M 
20V8-35L 
PLDC2OGlO-35C 


20V8-35Q 
PLDC20G 10-30M 


20V8-35Q 
PLDC2OGI0-35C 


20V8A 
PALC2OGlO 


20V8A/883C 
PALC20GIO-MI3 


22VlO 
PAL22VI0 
22VlO/883C 
PAL22VI0-MI3 


26CV12 
PAL22VI0 
26CV12J883C 
PAL22VlO-MI3 


64E4-35 
7C166-35C 


64E4-45 
7C155-45C 


64E4-55 
7C166-45C 


64KI-35 
7C187-35C 


64KI-45 
7C187-45C 


64KI-45M 
7C187-45M 


LATTICE 
PREFIX:EE 
PREFIX:GAL 
PREFIX:ST 
SUFFIX:B 
SUFFIX:D 
SUFFIX:L 
SUFFIX:P 
16K4-25 
16K4-35 
16K4-35M 
16K4-45 
16K4-45M 
16K8-35 
16K8-55 
16V8-25 
16V8-25 
16V8-25 
16V8-25 
16V8-25L 


CYPRESS 
PREFIX:CY 
PREFIX:CY 
PREFIX:CY 
SUFFIX:13 
SUFFIX:D 
SUFFIX:L 
SUFFIX:P 
7C168-2SC 
7C168-35C 
7C168-35M 
7C168-45C 
7C168-4SM 
7CI28-35C+ 
7CI28-45C+ 
PALCI6L8-25C 
PALCI6R4-2SC 
PALCI6R6-2SC 
PALCI6R8-25C 
PALCI6L8-25C 


• 


MICRON 
CYPRESS 
5C2561-25 
7C197-25C 
5C2561-25M 
7C197-25MB 
5C2561-30 
7C197-25C 


5C2561-3S 
7C197-3SC 
, 


SC2561-35M 
7CI97-3SMB 
5C2561-45 
7C197-45C 
5C2561-45M 
7C197-45MB 
5C2564-25 
7C194-25C 


5C2564-25M 
7C194-25MB 
5C2564-30 
7C194-2SC 


5C2564-35 
7C194-35C 


5C2564-35M 
7C194-35MB 
5C2564-45 
7C194-45C 
SC2S64-4SM 
7C194-45MB 
SC2565-2S 
7C196-25C 
SC2S65-30 
7C196-25C 
SC2565-3S 
7C196-35C 
SC2565-4S 
7C196-45C 
SC2568-2S 
7C199-2SC 
5C2S68CW-25 
7C198-25C 
5C2S68W-2S 
7C198-25C 
SC2568-2SM 
7C199-25MB 
5C2568CW-25M 
7C198-2SMB 
5C2S68W-25M 
7C198-2SMB 
5C2S68-30 
7C199-25C 
5C2568CW-30 
7C198-25C 


5C2568W-30 
7C198-25C 
5C2568-35 
7C199-35C 
5C2568CW-35 
7C198-35C 
5C2S68W-35 
7C198-35C 
SC2S68-35M 
7C199-35MB 
5C2568CW-35M 
7C198-35MB 
5C2568W-35M 
7C198-35MB 
5C2568-45 
7C199-45C 
5C2568CW-4S 
7C198-4SC 
5C2S68W-45 
7C198-4SC 
5C2568-4SB 
7C199-45MB 
SC2568CW-4SB 
7C198-4SMB 
SC2568W-4SB 
7C198-4SMB 
5C6401-15 
7C187-ISC 
5C6401-20 
7C187-20C 
5C6401-2OC 
7C187-20C 
5C6401-20M 
7C187-20MB 
5C6401-2S 
7C187-25C 
5C6401-2SC 
7C187-25C 
5C6401-2SM 
7C187-25MB 
5C6401-30 
7C187-2SC 
5C6401-30M 
7C187-25MB 
5C6401-35 
7C187-35C 


5C6401-35C 
7C187-35C 
5C6401-35M 
7C187-35MB 
5C6401-45C 
7C187-45C 
SC6404-12C 
7B164-12C 
5C6404-IS 
7C164-ISC 
5C6404-20 
7C164-20C 
SC6404-20M 
7C164-20MB 
SC6404-25 
7C164-25C 
5C6404-25M 
7C164-25MB 


5C6404-30 
7C164-2SC 
5C6404-30M 
7C164-25MB 


5C6404-35 
7C164-35C 
5C6404-3SM 
7C164-35MB 


LATTICE 
64KI-55 
64KI-55M 
64K4-3S 
64K4-4S 
64K4-45M 
64K4-55 
64K4-55M 
64K8-35 
64K8-45 
64K8-45 
64K8-45M 
64K8-55 
64K8-55 
64K8-55M 
64K8-70 
LlOlO-4S 
Ll010-65 
LlOlO-65B 
Ll010-90 
Ll010-90B 


CYPRESS 
7C187-45C 
7C187-45M 
7C164-35C 
7C164-4SC 
7CI64-45M 
7C164-45C 
7C164-45M 
7C186-35C 
7C186-45C 
7C264-45C 
7C186-45M 
7C186-55C 
7C264-55C 
7C186-45M 
7C264-55C 
7C51O-45C+ 
7C510-65C+ 
7C510-65M+ 
7C510-75C+ 
7C510-75M+ 


MICRON 
PREFIX:MT 
SClO08-25 
5CI008-25 
SCI008-35 
SCI008-35 
SCI008-4S 
5ClO08-45 
SC1601-15 
SC1601-2OC 
5C1601-25C 
SC1601-30 
SC1601-35C 
SC1604-15 
5C1604-2OC 
SC1604-25C 
5C1604-30 
5C1604-35C 
SC1605-15 
5C1605-2OC 
5C1605-25C 
5C1605-30 
5C1605-35C 
SCI606-15 
SCI606-2OC 
5CI606-25C 
SC1606-30 
SCI606-35C 
5C1607-15 
SC1607-2OC 
SC1607-25C 
5C1607-30 
5C1607-35C 
SC1608-15 
5C1608-20C 
5C1608-30 
5C1608-30M 
SC1608-25C 
5C1608-25M 
SC1608-35C 
SC1608-35M 


CYPRESS 
PREFIX:CY 
7CI08-25C 
7CI09-25C 
7CI08-35C 
7CI09-35C 
7CI08-45C 
7CI09-45C 
7CI67A-ISC 
7C167A-2OC 
7C167A-25C 
7C167A-25C 
7C167A-35C 
7C168A-15C 
7C168A-20C 
7C168A-25C 
7C168A-25C 
7C168A-35C 
7C170A-15C 
7C170A-20C 
7C170A-25C 
7C170A-2SC 
7C170A-35C 
7CI71A-15C 
7CI71A-2OC 
7C171A-25C 
7C171A-25C 
7C171A-35C 
7CI72A-15C 
7CI72A-20C 
7CI72A-25C 
7C172A-2SC 
7CI72A-3SC 
7C128A-15C 
7C128A-20C 
7C128A-2SC 
7C128A-2SM 
7C128A-25C 
7C128A-25M 
7C128A-35C 
7C128A-35M 


MICRON 
CYPRESS 
5C6405-12C 
7BI66-12C 


5C6405-15 
7C166-15C 


5C6405-20C 
7C166-2OC 


SC640S-2SC 
7C166-2SC 


SC6405-30 
7C166-25C 


SC6405-35C 
7C166-35C 


5C6406-12C 
7Bl61-12C 


5C6406-IS 
7C161-ISC 


5C6406-20 
7C161-20C 


5C6406-25 
7C161-25C 


5C6406-30 
7C161-25C 


5C6406-35 
7C161-35C 


5C6407-12C 
7B162-12C 


5C6407-IS 
7C162-15C 


5C6407-20 
7C162-2OC 


SC6407-25 
7C162-2SC 


5C6407-30 
7C162-25C 


5C6407-35 
7C162-35C 


5C6408-12 
7B185-12C 


5C6408-IS 
7B185-15C 


5C6408-20C 
7C185-20C 


5C6408-20M 
7C185A-20MB 


SC6408-2SC 
7C185-25C 


5C6408-25M 
7CI8S-2SM 
5C6408-30 
7CI8SA-2SC 


5C6408-30M 
7CI85A-2SMB 


5C6408-35C 
7CI8S-3SC 


5C6408-35M 
7C185-3SM 
85C1664-30C 
1620HD-3OC 


85C1664-35C 
1620HD-35C 


85C1664-4SC 
1620HD-45C 


85C8128-3OC 
1420HD-3OC 


85C8128-35C 
1420HD-35C 


85C8128-45C 
1420HD-4SC 


8SC8128-4SC 
1423PD-45C 


MITSUBISHI 
CYPRESS 
PREFIX:MSL 
PREFIX:CY 


PREFIX:M5M 
PREFIX:CY 
SUFFIX:AP 
SUFFIX:L 


SUFFIX:FP 
SUFFIX:F 


SUFFIX:K 
SUFFIX:D 


SUFFIX:P 
SUFFIX:P 


21C67P-35 
7C167-35C 


21C67P-45 
7C167-45C 


21C67P-55 
7C167-45C 


21C68P-35 
7C168-35C 


21C68P-45 
7C168-45C 


21C68P-55 
7C168-45C 


27256K-2C 
7C274-55C 


27256K-IC 
7C274-55M 


27256K-12C 
7C274-55C 


27256K-ISC 
7C274-5CM 


272112K-17C 
7C286-70C 


272112K-2C 
7C286-70C 


272112K-I 
7C286-70M 


272112AK-IO 
7C286-70C 
, 


272112AK-12 
7C286-70C 
272112AK-IS 
7C286-70C 


5165Lr-l00 
7CI86-SSC+ 


5165Lr-120 
7CI86-55C+ 


5165Lr-70 
7CI86-5SC+ 


Note: Unless othcrwise 
noted, product 
mcets all performance 
specs and is within 10 mA on lee and 5 mA on ISB; 


+ 
= 
meets all performance 
specs but may not meet lee or ISB; 


meets all performance specs except 2V data retention-may 
not meet Ice or Isu; 


functionally 
equivalent. 


t 
SOIC only 


~ 
32-pin LeC crosses to thc 7C198M 


MITSUBISHI 
5165P-IOO 
5I65P-120 
5165P-70 
5178P-45 
5178P-55 
5187P-25 
5187P-35 
5187P-45 
5187P-55 
5188P-25 
5188P-35 
5188P-45 
5188P-55 
52571-35 
52571-45 
5257P-35 
5257P-45 
52581-45 
5258P-35 
5258P-45 


CYPRESS 
7CI86-55C+ 
7CI86-55C+ 
7CI86-55C+ 
7CI86-45C+ 
7CI86-55C+ 
7C187-25C 
7C187-35C 
7C187-45C 
7C187-45C 
7CI64-25C 
7C164-35C 
7C164-45C 
7C164-45C 
7C197-35 
7C197-45 
7C197-35 
7C197-45 
7C194-45 
7C194-35 
7C194-45 


MMIIAMD 
CYI'RESS 


63RS881S 
7C235-3OC- 


63S1681 
7C292-5OC 
63S1681A 
7C292-35C 
63S1681AS 
7C291-35C 
63S1681S 
7C291-5OC 
63S881 
7C281-45C 
63S881 
7C282-45C 
63S881A 
7C281-3OC 
63S881A 
7C282-3OC 
67401 
7C401-IOC 
67401A 
7C401-15C 
6740m 
7C403-25C 
674010 
7C403-25C 
67402 
7C402-IOC 
67402A 
7C402-15C 


67402B 
7C402-25C 
67402D 
7C404-25C 
67411 
7C403-25C 
67412 
7C402-25C 
67lA02 
7C402-10C 
C57401 
7C401-10M 


C57401A 
7C401-10M 


C57402 
7C402-IOM 


C57402A 
7C402-IOM 


C6740lA 
7C401-15C 
C6740lB 
7C403-25C 
C67402 
7C402-IOC 
C67402A 
7C402-15C 
C67402B 
7C404-25C 
C67lAOI 
7C401-5C 
C67401D 
7C401-15C 
C67402D 
7C402-15C 


PALl2LlOC 
PLDC20G 10- 35C 


PALl2LlOM 
PLDC20G 10-40M 


PALl4LBC 
PLDC2OGIO-35C 


PALl4LBM 
PLD20G 10-40M 
PALl6L6C 
PLD20GlO-35C 
PALl6L6M 
PLDC20G 10-40M 
PALl6LBA-2C 
PALCI6LB-35C 


PALl6LBA-2M 
PALCI6LB-40M 
PALl6LBA-4C 
PALCI6LBLr-35C 


PALl6LBA-4M 
PALCI6LB-40M 
PALl6LBAC 
PALCI6LB-25C 
PALl6LBAM 
PALCI6LB-30M 
PALl6LBB-2C 
PALCI6LB-35C 


PALl6LBB-2M 
PALCI6LB-30M 
PALl6LBB-4C 
PALCI6LBLr-35C 
PALl6LBB-4M 
PALCI6LB-40M 
PALl6LBBM 
PALCI6LB-20M 
PALl6LBC 
PALC16LB-35C 


PALl6LBD-4C 
PALCI6LBLr-25C 


PALl6LBD-4M 
PALCI6LB-30M 
PALl6LBM 
PALC16LB-40M 
PALl6R4A-2C 
PALC16R4-35C 


PALl6R4A-2M 
PALCI6R4-40M 
PALl6R4A-4C 
PALCI6R4Lr-35C 


PALl6R4A-4M 
PALC16R4-40M 
PALl6R4AC 
PALC16R4-25C 


PALl6R4AM 
PALCI6R4-30M 
PALl6R4B-2C 
PALC16R4-25C 


PALl6R4B-2M 
PALC16R4-30M 
PALl6R4B-4C 
PALC16R4Lr-35C 


MMI/AMD 
SUFFIX:883B 
SUFFIX:F 
SUFFIX:1 
SUFFIX:L 
SUFFIX:N 
SUFFIX:SHRP 
5381-1 
5381-2 
5381S-1 
5381S-2 
53RAI681AS 
53RAI681S 
53RA481AS 
53RA481S 
53RI681AS 
53RSI681S 
53RS881AS 
53RS881S 
53S1681 
53S1681AS 
53S1681S 
53S881 
53S881A 
53S881AS 
53S881S 
57401 
5740lA 
57402 
57402A 
6381-1 
6381-2 
6381S-1 
6381S-2 
63RAI681AS 
63RAI681S 
63RA481AS 
63RA481S 
63RSI681AS 
63RSI681S 
63RS881AS 


CYPRESS 
SUFFIX:B 
SUFFIX:F 
SUFFIX:D 
SUFFIX:L 
SUFFIX:P 
SUFFIX:B 
7C282-45M 
7C282-45M 
7C281-45M 
7C281-45M 
7C245-35M- 
7C245-45M- 
7C225-35M 
7C225-40M 
7C245-35M- 
7C245-45M- 
7C235-40M 
7C235-40M- 
7C292-50M 
7C291-35M 
7C291-50M 
7C282-45M 
7C282-45M 
7C281-45M 
7C281-45M 
7C401-IOM 
7C401-10M 
7C402-IOM 
7C402-IOM 
7C282-45C 
7C282-45C 
7C281-45C 
7C281-45C 
7C245-35C- 
7C245-35C- 
7C225-25C 
7C225-30C 
7C245-35C- 
7C245-35C- 
7C235-30C- 


MMIIAMD 
CYPRESS 


PALI6R4B-4M 
PALCI6R4-40M 


PALI6R4BM 
PALCI6R4-20M 


PALI6R4C 
PALCI6R4-35C 


PALl6R4D-4C 
PALC16R4Lr-25C 


PALl6R4M 
PALCI6R4-40M 
PALl6R6A-2C 
PALC16R6-35C 
PALI6R6A-2M 
PALC16R6-40M 
PALI6R6A-4C 
PALC16R6Lr-35C 
PALl6R6A-4M 
PALC16R6-40M 
PALl6R6AC 
PALC16R6-25C 
PALl6R6AM 
PALCI6R6-30M 
PALl6R6B-2C 
PALCI6R6-25C 


PALI6R6B-2M 
PALCI6R6-30M 
PALl6R6B-4C 
PALCI6R6Lr-35C 


PALl6R6B-4M 
PALCI6R6-40M 


PALl6R6BM 
PALCI6R6-20M 


PALl6R6C 
PALCI6R6-35C 


PALl6R6D-4C 
PALCI6R6Lr-25C 


PALl6R6M 
PALCI6R6-40M 


PALl6R8A-2C 
PALCI6R8-35C 


PALl6R8A-2M 
PALCI6R8-40M 


PALl6R8A-4C 
PALCI6R8Lr-35C 


PALl6R8A-4M 
PALC16R8-40M 


PALl6R8AC 
PALC16R8-25C 


PALl6R8AM 
PALC16R8-30M 


PALl6R8B-2C 
PALC16R8-25C 


PALl6R8B-2M 
PALCI6R8-30M 


PALl6R8B-4C 
PALC16R8Lr-35C 


PALI6R8B-4M 
PALCI6R8-40M 


PALl6R8BM 
PALCI6R8-20M 


PALl6R8C 
PALCI6R8-35C 


PALl6R8D-4C 
PALC1648Lr-25C 


PALl6R8M 
PALCI6R8-40M 
PALl8lAC 
PLDC2OGIO-35C 
PALl8lAM 
PLDC20G 10-40M 


PALZOLIOAC 
PLDC2OGIO-35C 


PAL20LlOAM 
PLDC20GIO-30M 


PAL20LlOC 
PLDC2OGIO-35C 


PALZOLIOM 
PLDC2OGIO-40M 


PAL20LZC 
PLDC2OGIO-35C 


PAL20LZM 
PLDC20G 10-40M 


PAL20LBA-2C 
PLDC20G 1O-35C 


PAL20LBA-2M 
PLDC20G IO-40M 


PALZOLBAC 
PLDC2OGI0-25C 


PALZOLBAM 
PLDC2OGIO-30M 


PAL20LBC 
PLDC20G 1O-35C 


PAL20LBM 
PLDC20G 1O-40M 


PAL20R4A-2C 
PLDC20G 1O-35C 


PAL20R4A-2M 
PLDC20G 10-40M 
PAL20R4AC 
PLDC20G 1O-25C 


PALZOR4AM 
PLDC20G 1O-30M 


PAL20R4C 
PLDC20GIO-35C 


PAL20R4M 
PLDC20G 10-40M 


PAL20R6A-2C 
PLDC20GIO-35C 
PALZOR6A-2M 
PLDC20G 10-40M 


PALZOR6AC 
PLDC2OGIO-25C 


PAL20R6AM 
PLDC20G 1O-30M 


PALZOR6C 
PLDC20GIO-35C 


PALZOR6M 
PLDC20G 10-40M 


PALZOR8A-2C 
PLDC20G 1O-35C 


PAL20R8A-2M 
PLDC20G 10-40M 


PAL20R8AC 
PLDC2OGIO-25C 


III 


MMI/AMD 
CYPRESS 


PAL20R8AM 
PLDC20G 
1O-30M 
PAL20R8C 
PLDC20G 1O-35C 


PAUOR8M 
PLDC20G 1O-40M 


PALC22VI0/A 
PALC22VI0-35C 


PLEI0P8C 
7C281-3OC 


PLEI0P8C 
7C282-3OC 


PLEIOP8M 
7C281-45M 
PLEI0P8M 
7C282-45M 


PLEI0R8C 
7C235-30C- 


PLEIOR8M 
7C235-40M- 


PLEllP8C 
7C291-35C 


PLEllP8M 
7C291-35M 
PLEllRA8C 
7C245-35C- 
PLEllRA8M 
7C245-35M- 


PLEllRS8C 
7C245-35C- 
PLEllRS8M 
7C245-35M- 


PLE9R8C 
7C225-3OC 


PLE9R8M 
7C225-35M 


MOSIAC 
CYPRESS 
PREFlX:MS 
PREFIX:SYM 


8128SC-I00 
1420HD-85C 


8128SC-loo 
1421HD-85C 


8128SC-45 
1420HD-45C 


8128SC-55 
1420HD-55C 


8128SC-70 
1420HD-70C 


8128SC-70 
1421HD-70C 


MOSTEK 
CYPRESS 
PREFlX:ET 
PREFlX:CY 


PREFIX:MK 
PREFlX:CY 
PREFIX:TS 
PREFIX:CY 


SUFFIX:N 
SUFFlX:P 


SUFFIX:P 
SUFFlX:D 
4IH67-25 
7CI67-25C+ 


4IH67-35 
7CI67-35+ 


4IH68-25 
7CI68-25C+ 


4IH68-35 
7CI68-35C+ 
41H69-25 
7C169-25 


4IH69-35 
7C169-35C 
41L67-25 
7CI67-25C- 


41L67-35 
7CI67-35- 


41L67-45 
7CI67-35- 


MOTOROLA 
CYPRESS 


PREFlX:MCM 
PREFIX:CY 


SUFFlX:BXAJC 
SUFFIX:MB 
i 


SUFFIX:P 
SUFFlX:P 


SUFFlX:S 
SUFFlX:D 


SUFFlX:Z 
SUFFlX:L 
10422-1OC 
1OE422-7C 
1423-45 
7CI68-45C+ 


2016H-45 
6116-45C 
2016H-55 
6116-55C 


2016H-70 
6116-55C 


2018-35 
7C128-35C 


2018-45 
7C128-45C 


2167H-35 
7C167-35C 


2167H-45 
7C167-45C 
2167H-55 
7C167-45C 


60256A-1O 
7C198-55C 


60256A-12 
7C198-55C 


MOTOROLA 
CYPRESS 


60256A-85 
7C198-55C 
6064-10 
7C186-55C 
6064-12 
7C186-55C 
6147-55 
7CI47-45C· 
6147-70 
7CI47-45C· 
6164-45 
7C186-45C 
6164-55 
7C186-55C 
6164-70 
7C186-55C 
6168-35 
7CI68-35C+ 
6168-45 
7CI68-45C+ 
6168-55 
7CI68-45C+ 
6168-70 
7CI68-45C+ 
61L47-55 
7CI47-45C· 
61L47-70 
7CI47-45C· 
61L64-45 
7C186-45C 
61L64-55 
7C186-55C 
61L64-70 
7C186-55C 
6206-35 
7C198-35C 


6206-45 
7C198-45 
6206-45 
7C198-45C 
6206-55 
7C198-55 
6206-70 
7C198-55 
6206P-45 
7C198-45 
6207-25 
7C197-25 
6207-25 
7C1987-25C 
6207-35 
7C197-35 
6208-25 
7C194-25 
6208-25 
7C194-25C 
6208-35 
7C194-35 
6264-15C 
7B185-15C 
6264-25 
7C185-25C 
6264-25 
7C186-25C 
6264-30 
7C185-25C 
6264-30 
7C186-25C 
6264-35 
7C185-35C 
6264-35 
7C186-35C 
6264-45 
7C185-45C 
6264-45 
7C186-45C 
6264-55 
7C185-55C 
6264-55 
7C186-55C 
6268-25 
7C168-25C 
6268-35 
7C168-35C 
6268P-25 
7C168-25C 
6268P-35 
7C168-35 
6268P-35 
7C168-35C 
6268P-40 
7C168-4OC 
6268P-45 
7C168-45 
6268P-45 
7C168-45C 
6269-25 
7C169-25C 


6269-35 
7C169-35C 


6270-25 
7C170-25C 
6270-35 
7C170-35C 
6270-45 
7C170-45C 
6287-15 
7C187-15C 
6287-20 
7C187-2OC 
6287-25 
7C187-25C 
6287-35 
7C187-35 
6287-35 
7C187-35C 
6287-45 
7C187-45 
6287-45 
7C187-45C 
6288-12C 
7B164-12C 
6288-15 
7C164-15C 


MOTOROLA 
6288-25 
6288-25C 
6288-30 
6288-35 
6288-35 
6288-35C 
6288-35M 
6288-45 
6288-45 
6288-45M 
6290-12C 
6290-15 
6290-20 
6290-25 
6290-25C 
6290-30 
6290-35 
6290-35C 
6290-35M 
6290-45 
6290-45C 
6290-45M 
62L87-25 
62L87-35 
7681 
7681A 
93422 
93422 
93422A 
93422A 
93L422 
93L422 
93L422A 
93L422A 


CYPRESS 
7C164-25C 
7C164-25C 
7C164-25C 
7C164-35 
7C164-35C 
7C164-35C 
7C164-35M 
7C164-45 
7C164-45C 
7C164-45M 
7B166-12C 
7C166-15C 
7C166-2OC 
7C166-25C 
7C166-25C 
7C166-25C 
7C166-35C 
7C166-35C 
7C166-35M 
7C166-45C 
7C166-45C 
7C166-45M 
7C187-25C 
7CI87-35C+ 
7C282-45C 
7C282-45C 
93422C 
93422M 
93422AC 
93422AM 
93L422C 
93L422M 
93L422AC 
93L422AM 


NATIONAL 
PREFIX:DM 
PREIFX:IDM 
PREFIX:NM 
PREFlX:NMC 
SUFFlX:J 
SUFFlX:N 
100422-1OC 
100422-5C 
100422A-7C 
100422AC 
100474A-I0C 
100474A-8C 
10422-IOC 
10422-5C 
10422A-7C 
10422AC 
1047A-lOC 
10474A-8C 
100494-15 
100494-18 
10494-10 
10494-12 
10494-15 
12LlOC 
14L8C 
14L8M 


Nole: Unless otherwise 
noted, product 
meets all performance 
specs and is within 10 mA on lee and 5 mA on Iso; 
+ 
meets all performance 
specs but may not meet lee or Iso; 
meets all performance specs except 2V data retention -may 
not meet Ice or IsB; 


functionally 
equivalent. 


t 
SOIC only 
:j: 
32-pin LCC crosses to the 7CI98M 


CYPRESS 
PREFlX:CY 
PREFIX:CY 
PREFIX:CY 
PREFIX:CY 
SUFFIX:D 
SUFFIX:P 
100E422L-7C 
100E422-5C 
100E422L-7C 
100E422L-7C 
100E474L-7C 
100E474L-7C 
10E422L-7C 
lOE422-5C 
1OE422L-7C 
IOE422L-7C 
10E474L-7C 
IOE474L-7C 
100E494L-12C 
100E494L-12C 
10E494-1OC 
10E494L-12C 
1OE494L-12C 
PLDC20GI0-35C 
PLDC2OGIO-35C 
PLDC20G 10-40M 


NATIONAL 
CYPRESS 
16L6C 
PLDC20G 10-35C 
16L6M 
PLDC20G 10-40M 
18L4C 
PLDC2OGI0-35C 
18L4M 
PLDC20G 10-40M 


20L2M 
PLDC20G 1O-40M 


2147H 
2147-55C 
2147H 
2147-55M 
2147H-l 
2147-35C 
2147H-2 
2147-45C 
2147H-3 
2147-55C 
2147H-3 
2147-55M 
2147H-3L 
7C147-45C 
2148H 
2148-55C 
2148H 
7C148-C 
2148H 
2148-C 
2148H 
21L48-C 
2148H-2 
2148-45C 
2148H-3 
2148-55C 
2148H-3L 
21L48-55C 
2148HL 
21L48-55C 
2901A-IC 
7C901-31C 
2901A-IM 
7C901-32M 
2901A-2C 
7C901-31C 
2901A-2M 
7C901-32M 
2901AC 
7C901-31C 
2901AM 
7C901-32M 


2909AC 
2909AC 
2909AM 
2909M 
2911AC 
2911AC 
2911AM 
2911M 
54S189 
54S189M 
54S189 
7C189-M 
545189 
745189-M 
545189 
27503A-M 
545189 
27LS03A-M 
545189A 
7C189-25M 
S4S189A 
7C189-M 
545189A 
745189-M 
54S189A 
27503A-M 
545189A 
27LS03A-M 
745189 
745189C 
745189 
7C189-C 
745189 
745189-C 
745189 
27503A-C 
745189 
27LS03A-C 
745189A 
27503AC 
745189A 
7C189-C 
745189A 
745189-C 
745189A 
27503A-C 
745189A 
27LS03A-C 
74S289A 
7C189-C 
745289A 
745189-C 
745289A 
27503A-C 
74S289A 
27LS03A-C 
75507 
7C190-25M 
75507A 
27507AM 
77LS181 
7C282-45M 
77S181 
7C282-45M 
775181A 
7C282-45M 


775191 
7C292-50M 
775191A 
7C292-50M 
775191B 
7C292-50M 


NATIONAL 
CYPRESS 


775281 
7C281-45M 
775281A 
7C281-45M 
775291 
7C291-50M 
775291A 
7C291-50M 


7752918 
7C291-50M 


775401 
7C401-lOM 


775401A 
7C401-lOM 


77S402 
7C402-10M 


775402A 
7C402-lOM 
775R181 
7C235-40M 


77SR25 
7C225-40M 


775R25B 
7C225-40M 


775T476 
7C225-40M- 


775R476B 
7C225-40M- 


85507 
27507C 
.. 


85507A 
27507AC 
85507A 
7CI28-45C+ 


87LS181 
7C282-45C 
875181 
7C282-45C 
875191 
7C292-5OC 
.- 


87S191A 
7C292-35C 
875191B 
7C292-35C 
875281 
7C281-45C 
875281A 
7C281-45C 
875291 
7C291-5OC 
875291A 
7C291-35C 
8752918 
7C291-35C 
875401 
7C401-1OC 
87S401A 
7C401-15C 
875402 
7C402-1OC 
875402A 
7C402-15C 
87SR181 
7C235-30C 
875625 
7C225-40C 
875R25B 
7C225-3OC 
875R476 
7C22S-4OC- 


875R476B 
7C225-3OC- 
93L422A 
7C122-C 
93L422A 
93422A-C 
93L422A 
93L422-C 


PALlOOI6P4-4C 
100E302L-4C 


PALlOOI6P4-6C 
100E302L-4C 


PALlOOI6P8-4C 
100E301-4C 


PALlOOI6P8-6C 
100E301L-6C 


PALlOI6P4-4C 
lOE302L-4C 


PALlOI6P4-6C 
10E302L-4C 


PALI016P8-4C 
10E301-4C 


PALlOI6P8-6C 
10E301L-6C 


PALl6LBA2C 
PALCI6LB-35C 


PALl6LBA2M 
PALCI6LB-40M 
PALl6LBAC 
PALCI6LB-25C 


PALl6LBAM 
PALCI6LB-30M 
PALl6LBB2C 
PALCI6LB-25C 


PALl6LBB2M 
PALCI6LB-30M 
PALl6LBB4C 
PALCI6LBL-35C 


PAL16LBB4M 
PALCI6LB-40M 
PALl6LBBM 
PALCI6LB-20M 


PALl6LBC 
PALCI6LB-35C 


PALl6LBM 
PALCI6LB-40M 
PALl6R4A2C 
PALCI6R4-35C 
PALl64A2M 
PALCI6R4-40M 
PALl6R4AC 
PALCI6R4-25C 


PALl6R4AM 
PALCI6R4-30M 


NATIONAL 
CYPRESS 


PAL16R4B2C 
PALCI6R4-25C 
PAL16R4B2M 
PALCI6R4-30M 
PAL16R4B4C 
PALCI6R4L-35C 


PAL16R4B4M 
PALCI6R4-40M 
PAL16R4BM 
PALCI6R4-20M 
PAL16R4C 
PALCI6R4-35C 
PAL16R4M 
PALCI6R4-40M 
PAL16R6A2C 
PALCI6R6-35C 


PAL16R6A2M 
PALCI6R6-40M 
PAL16R6AC 
PALCI6R6-25C 


PAL16R6AM 
PALCI6R6-30M 
PALl6R6B2C 
PALCI6R6-25C 
PALl6R6B2M 
PALCI6R6-30M 
PAL16R6B4C 
PALCI6R6L-35C 


PAL16R6B4M 
PALCI6R6-40M 


PAL16R6BM 
PALCI6R6-20M 


PAL16R6C 
PALCI6R6- 
35C 
PAL16R6M 
PALCI6R6-40M 
PAL16R8A2C 
PALCI6R8- 
35C 


PALl6R8A2M 
PALCI6R8-40M 


PAL16R8AC 
PALCI6R8-25C 


PAL16R8AM 
PALCI6R8-30M 


PAL16R8B2C 
PALCI6R8-25C 
PAL16R8B2M 
PALCI6R8-30M 
PALl6R8B4C 
PALCI6R8L-35C 


PALl6R8B4M 
PALCI6R8-40M 


PALl6R8BM 
PALCI6R8-20M 
PAL16R8C 
PALCI6R8-35C 
PAL16R8M 
PALCI6R8-40M 
PAL20LlOB2C 
PLDC2OGI0-25C 


PAL20LlOB2M 
PLDC20GlO-30M 


PAL20LlOC 
PLDC20GlO-35C 


PAL20LlOM 
PLDC20G 10-40M 
PAL20L2C 
PLDC20GI0-35C 


PAL20LBAC 
PLDC20GI0-25C 


PAL20LBAM 
PLDC20GI0-30M 
PAL20LBBC 
PLDC20G 1O-25C 


PAL20LBBM 
PLDC20G 1O-30M 


PAL20LBC 
PLDC2OGI0-35C 


PAL20LBM 
PLDC20G 1O-40M 


PAL20R4AC 
PLDC2OGI0-25C 


PAL20R4AM 
PLDC2OGI0-30M 


PAL20R4BC 
PLDC20GI0-25C 


PAUOR4BM 
PLDC20GI0-30M 
PAUOR4C 
PLDC2OGI0-35C 


PAL20R4M 
PLDC20G 10-40M 
PAL20R6AC 
PLDC20G 1O-25C 


PAL20R6AM 
PLDC20GlO-30M 
PAL20R6BC 
PLDC20GI0-25C 


PAL20R6BM 
PLDC2OGI0-30M 
PAL20R6C 
PLDC2OGI0-35C 


PAL20R6M 
PLDC20G 10-40M 


PAL20R8AC 
PLDC20GI0-25C 


PAL20R8AM 
PLDC20G 1O-30M 
PAL20R8BC 
PLDC2OGI0-25C 


PAL20R8BM 
PLDC2OGI0-30M 
PAL20R8C 
PLDC20G 1O-35C 


PAL20R8M 
PLDC20G 1O-40M 


NEC 
CYPRESS 


PREFIX:uPD 
PREFIX:CY 
5UFFIX:C 
5UFFIX:P 


• 


NEC 
CYPRESS 


SUFFIX:D 
SUFFIX:D 


SUFFIX:K 
SUFFIX:L 


SUFFIX:L 
SUFFIX:F 
lOO422-IOC 
100E422L-7C 
100422-7C 
100E422L-7C 
100470-IOC 
100E470-7C 
lOO470-15C 
lOOE470-7C 
lOO474-IOC 
lOOE474L-7C 
lOO474-8C 
lOOE474L-7C 
100474-6 
lOOE474-5C 
100474-4.5 
100E474-3.5C 
lOO474A-5 
100E474L-5C 


lOO474A-6 
100E474L-5C 
100474E-4 
100E474-3.5C 
100484-10 
100E484L-7C 
100484-15 
100E484L-7C 
100A484-5 
lOOE484-5C 
100A484-7 
lOOE484L-7C 


10422-IOC 
1OE422L-7C 


10422-7C 
10E422L-7C 


10470-1OC 
10E470-7C 


10470-15C 
10E470-7C 


10474-IOC 
10E474L-7C 


10474-8C 
10E474L-7C 
10474A-5 
10E474L-5C 
10474A-6 
10E474L-5C 
10474E-4 
10E474-4C 
10484-10 
10E484L-7C 
10484-15 
10E484L-7C 
IOA484-5 
1OE484-5C 
IOA484-7 
10E484L-7C 
2147-2 
2147-55C 


2147-3 
2147-55C 


2147A-25 
7C147-25C 


2147A-35 
2147-35C 


2147A-45 
2147-45C 
2149 
2149-55C 
2149-1 
2149-45C 


2149-2 
2149-35C 


2167-2 
7C167-45C 


2167-3 
7C167-45C 


429 
7C292-5OC 
429-1 
7C292-50C 
429-2 
7C292-50C 


429-3 
7C292-35C 


431000-10 
7C108-45 


431000-12 
7CI08-45 


431000-85 
7CI08-45 
4311-45 
7C167-45C 


4311-55 
7C167-45C 
43254C-35 
7C194-35 


. 43254C-45 
7C194-45 
43256C-85 
7C198-55 
4361-40 
7C187-35C 
4361-45 
7C187-45C 
4361-55 
7C187-45C 
4361-70 
7C187-45C 
4362-45 
7C164-45C 
4362-55 
7C164-45C 
4362-70 
7C164-45C 
4363-45 
7C166-45C 


4363-55 
7C166-45C 


NEC 
CYPRESS 
4363-70 
7C166-45C 


OKl 
CYPRESS 
PREFIX:MSM 
PREFIX:CY 
51257L-85 
7C199-55 


PARADIGM 
CYPRESS 
PREFIX:PDM 
PREFIX:CY 
41251S 
7C191-C 
41251L 
7C191-C 


41252S 
7C192-C 
41252L 
7C192-C 
41251SB 
7C191-MB 
41251LB 
7C191-MB' 
41252SB 
7C192-MB 
41252LB 
7CI92-MB' 
41256S 
7CI99/8-C 
41256L 
7CI99/8-C' 
41256SB 
7CI99/8-MB 
41256LB 
7CI99/8-MB' 


41258S 
7C194-C 
41258L 
7C194-C' 
41258SB 
7C194-B 
41258LB 
7C194-B' 


PERFORMANCE 
CYPRESS 
PREFIX:P 
PREFIX:CY 
SUFFIX:L 
SUFFIX:L 
SUFFIX:S 
SUFFIX:S 
29631AC 
7C282-45C 
29631AM 
7C282-45M 
29631ASC 
7C281-45C 
29631ASM 
7C281-45M 
29631C 
7C282-45C 
29631M 
7C282-45M 
29631SC 
7C281-45C 
29631SM 
7C281-45M 
29633AC 
7C282-45C+ 


29633AM 
7C282-45M+ 


29633ASC 
7C281-45C+ 
29633ASM 
7C281-45M+ 
29633C 
7C282-45C+ 


29633M 
7C282-45M+ 


29633SC 
7C281-45C+ 
29633SM 
7C281-45M+ 


29681AC 
7C292-5OC 
29681AM 
7C292-50M 
29681ASC 
7C291-50C 
29681ASM 
7C291-50M 
29681C 
7C292-5OC 
29681M 
7C292-50M 
29681SC 
7C291-5OC 
29681SM 
7C291-50M 
29683AC 
7C292-50C+ 
29683AM 
7C292-50M+ 
29683ASC 
7C291-5OC+ 
29683ASM 
7C291-50M+ 
29683C 
7C292-5OC+ 
29683M 
7C292-50M+ 


29683SC 
7C291-5OC+ 


29683SM 
7C291-50M+ 
29VP864DB 
7C264-55M 


PERFORMANCE 
CYPRESS 
29VP864SB 
7C263-55M 
29VS864SB 
7C261-55M 


39VP864D 
7C264-55C 


39VP864S 
7C263-55C 


39VS864S 
7C261-55C 


41256-35 
7C199-35 
41256-45 
7C199-45 
4C1256-25 
7C199-25 


4C1256-35 
7C199-35 


4C1256-45 
7C198-45 
4C1257-25 
7C197-25 
4C1257-35 
7C197-35 
4C1257-45 
7C197-45 
4C1258-25 
7C194-25 


4C1258-35 
7C194-35 


4C1258-45 
7C194-45 


4C150-12C 
7C150-12C 


4C150-15C 
7C150-15C 


4C150-15M 
7C150-15M 


4C150-20C 
7C150-15C 


4C150-20M 
7C150-15M 
4C150-25C 
7C150-25C 


4C150-25M 
7C150-25M 


4C150-35M 
7C150-35M 


4Cl64P-2OC 
7C185-2OC 


4C164DW-20C 
7C186-20C 


4C164P-25C 
7C185-25C 


4C164DW-25C 
7C186-25C 


4CI64P-25M 
7C185-25M 


4C164DW-25M 
7C186-25M 


4C164P-35C 
7C185-35C 


4CI64DW-35C 
7C186-35C 


4C164P-35M 
7C185-35M 
4C164DW-35M 
7C186-35M 


4C164P-45C 
7C185-45C 


4C164DW-45C 
7C186-45C 


4CI64P-45M 
7C185-45M 


4C164DW-45M 
7C186-45M 
4C164P-55C 
7C185-55C 


4Cl64DW-55C 
7C186-55C 


4C164P-55M 
7C185-55M 
4C164DW-55M 
7C186-55M 


4C1681-25C 
7Cl71-25C 


4C1681-35C 
7Cl71-35C 


4C1681-35M 
7Cl71-35M 


4C1681-45C 
7Cl71-45C 


4C1681-45M 
7Cl71-45M 


4C1682-25C 
7Cl72-25C 


4C1682-35C 
7CI72-35C 


4C1682-35M 
7C172-35M 
4C1682-45C 
7Cl72-45C 


4C1682-45M 
7Cl72-45M 


4C169-25C 
7C169-25C 


4C169-30C 
7C169-25C 


4C169-35C 
7C169-35C 


4C169-35M 
7C169-35M 


4C169-45M 
7C169-45M 


4C187-2OC 
7C187-2OC 


4C187-25C 
7C187-25C 


4C187-25M 
7C187-25M 


4C187-35M 
7C187-35M 


4C188-2OC 
7C164-2OC 


Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Ice and 5 mA on ISB; 
+ = 
meets all performance 
specs but may not meet Ice 
or ISB; 


meets all performance specs except 2V data retention-mtly 
not meet Ice or Is8; 


functionally 
equivalent. 


t 
SOIC only 
:I: 
32-pin LeC crosses to the 7CI98M 


PERFORMANCE 
CYPRESS 
4C188-25C 
7C164-25C 
4C188-25M 
7C164-25M 
4C188-35C 
7C164-35C 
4C188-35M 
7C164-35M 


4C188-45M 
7C164-45M 
4C1981-2OC 
7C161-2OC 
4C1981-25C 
7C161-25C 
4C1981-25M 
7C161-25M 
4C1981-35C 
7C161-35C 
4C1981-35M 
7C161-35M 
4C1981-45M 
7C161-45M 
4C1981-55M 
7C161-55M 
4C1982-2OC 
7C162-20C 
4C1982-25C 
7C162-25C 
4C1982-25M 
7C162-25M 


4C1982-35C 
7C162-35C 
4C1982-35M 
7C162-35M 
4C1982-45M 
7C162-45M 


4C1982-55M 
7C162-55M 


4C198-2OC 
7C166-2OC 


4C198-25C 
7C166-25C 
4C198-25M 
7C166-25M 
4C198-35C 
7C166-35C 


4C198-35M 
7C166-35M 
4C198-45M 
7C166-45M 


93U422-35C 
7C122-15C 
93U422-35C 
7C122-25C 


93U422-35C 
7C122-35C 


93U422-35M 
7C122-25M 
93U422-35M 
7C122-35M 


RAYTHEON 
CYPRESS 
PREFIX:R 
PREFIX:CY 


SUFFlX:B 
SUFFIX:B 
SUFFIX:O 
SUFFIX:O 


SUFFIX:F 
SUFFIX:F 


SAMSUNG 
CYPRESS 


PREFIX:KM 
PREFIX:CY 


61257A-25 
7V197-25C 


61257A-35 
7V197-35C 


61257A-45 
7V197-45C 


62256A-8 
7C198-55C 


62256A-10 
7C198-55C 


62256A-12 
7C198-55C 


6264B-7 
7C185-55C 


6264B-7 
7C186-55C 


6264B-I0 
7C185-55C 


6264B-I0 
7C186-55C 


6264B-12 
7C185-55C 


6264B-12 
7C186-55C 


64257A-25 
7C194-25C 


64257A-35 
7C194-35C 


64257A-45 
7C194-45C 


75C01A-20 
7C421-20C 


75C01A-25 
7C421-25C 


75C01A-35 
7C421-3OC 


75C01A-50 
7C421-40C 


75C01A-80 
7C421-65C 


75COIAP-20 
7C420-2OC 


75C01AP-25 
7C420-25C 
75COIAP-35 
7C420-35C 


Product Line Cross Reference 


SAMSUNG 
CYPRESS 
SHARP 
CYPRESS 
75COIAP-50 
7C420-5OC 
54980-35 
7C429-30 
75C01AP-80 
7C420-8OC 
54980-50 
7C429-40 
75C02A-20 
7C425-2OC 
5499-35 
7C432-30 
III 


75C02A-25 
7C425-25C 
5499-50 
7C432-40 
75C02A-35 
7C425-3OC 
54990-35 
7C433-30 
75C02A-50 
7C425-4OC 
54990-50 
7C433-40 
75C02A-80 
7C425-65C 
5749J-55C 
7C264-55C 
75C02AP-20 
7C424-20C 
5749J-70C 
7C264-55C 
75C02AP-25 
7C424-25C 
57254J-7OC 
7C274-55C 


75C02AP-35 
7C424-3OC 
57254J-9OC 
7C274-55C 


75C02AP-50 
7C424-4OC 
57255J-1OC 
7C274-55C 


75C02AP-80 
7C424-65C 
57255J-12C 
7C274-55C 


75C03A-20 
7C429-2OC 
57256J-12C 
7C274-55C 


75C03A-25 
7C429-25C 
57256J-15C 
7C274-55C 
75C03A-35 
7C429-3OC 
5762J-55C 
7C266-55C 


75C03A-50 
7C429-4OC 
5762J-7OC 
7C266-55C 


75C03A-80 
7C429-65C 
5763J-7OC 
7C266-55C 
75C03AP-20 
7C428-2OC 
5763J-9OC 
7C266-55C 


75C03AP-25 
7C428-25C 
5764J-2OC 
7C266-55C 
75C03AP-35 
7C428-3OC 
5764J-25C 
7C266-55C 


75C03AP-50 
7C428-40C 
75C03AP-80 
7C428-65C 
SlGNETlCS 
CYPRESS 
75CI02A-20 
7C425-2OC 
PREFIX:N 
PREFIX:CY 
75CI02A-25 
7C425-25C 
PREFIX:S 
PREFIX:CY 


75C102A-35 
7C425-25C 
SUFFIX:883B 
SUFFIX:B 
75C102A-80 
7C425-65C 
SUFFIX:F 
SUFFIX:O 
75C102AP-20 
7C424-2OC 
SUFFIX:G 
SUFFlX:L 
75C102AP-25 
7C424-25C 
SUFFIX:N 
SUFFIX:P 
75C102AP-35 
7C424-25C 
SUFFlX:R 
SUFFIX:F 
75C102AP-80 
7C424-65C 
100422BC 
100E422-7C 
100422CC 
100E422-7C 


SHARP 
CYPRESS 
100474AC 
100E474-7C 


PREFlX:LH 
PREFIX:CY 
10422BC 
1OE422-7C 


52251-35 
7C197-35 
10422CC 
10E422-7C 


52251-45 
7C197-45 
10474AC 
10474-7C 


52252-35 
7C194-35 
N74S189 
74S189C 


52252-45 
7C194-45 
N82HS641 
7C264-55C 


522540-25 
7C199-25 
N82HS641A 
7C264-45C 


522540-35 
7C199-35 
N82HS641B 
7C264-35C 
522540-45 
7C199-45 
N82LS181 
7C282-45C 
5481-15 
7C408A-15 
N82S181 
7C282-45C 
5481-25 
7C408A-25 
N82S181A 
7C282-45C 


5481-35 
7C408A-35 
N82S181B 
7C282-45C 


5491-15 
7C409A-15 
N82S191A-3 
7C291-50C 
5491-25 
7C409A-25 
N82S191A-6 
7C292-5OC 
5491-35 
7C409A-35 
N82S19IB-3 
7C291-35C 


5496-20 
7C420-20 
N82S19IB-6 
7C292-35C 


5496-35 
7C420-30 
N82S191-3 
7C291-5OC 


5496-50 
7C420-40 
N82S191-6 
7C292-50C 
54960-20 
7C421-20 
SS4S189 
54S189M 


54960-35 
7C421-30 
S82HS641 
7C264-55M 
54960-50 
7C421-40 
S82LS181 
7C282-45M 
5497-20 
7C424-20 
S82S181 
7C282-45M 
5497-35 
7C424-30 
S82S181A 
7C282-45M 
5497-50 
7C424-40 
S82S191A-3 
7C291-50M 
54970-20 
7C425-20 
S82S191A-6 
7C292-50M 
54970-35 
7C425-30 
S82S191B-3 
7C291-50M 
54970-50 
7C425-40 
S82S191B-6 
7C292-50M 
5498-20 
7C428-20 
S82S191-3 
7C291-50M 
5498-35 
7C428-30 
S82S191-6 
7C292-50M 
5498-50 
7C428-40 
54980-20 
7C429-20 


SONY 
L1YK..t.~~ 


PREFIX:CXK 
PREFIX:CY 


51256P-35 
7Cl97-35 


51256P-45 
7C197-45 


54256P-35 
7C194-35 


54256P-45 
7C194-45 
58255AP-25 
7C199-25 


58255AJ-25 
7C199-25 
58258P-35 
7C198-35 


58258P-45 
7C198-45 


58258SP-35 
7C199-35 


58258SP-45 
7C199-45 


11 
CYPRESS 


PREFIX:JBP 
PREFIX:CY 


PREFIX:PAL 
SUFFIX:P 
PREFIX:SM 
PREFIX:CY 
PREFIX:SMJ 
PREFIX:CY 


PREFIX:SN 
PREFIX:CY 


PREFIX:TBP 
PREFIX:CY 


PREFIX:TIB 
PREFIX:CY 


PREFIX:TMS 
PREFIX:CY 


SUFFIX:F 
SUFFIX:F 


SUFFIX:J 
SUFFIX:L 


SUFFIX:N 
SUFFIX:D 


lOO16P8-6C 
100E3011J-6C 
1OH16P8-6C 
1OE3011J-6C 
22V10AC 
PALC22V1O-25C 
22V1OAM 
PALC22V1O-30M 
2764-17C 
7C266-55C 


2764-2OC 
7C266-55C 
2764-25C 
7C266-55C 
2764-45C 
7C266-55C 
27C256-12C 
7C274-55C 
27C256-120C 
7C274-55C 


27C256-15C 
7C274-55C 


27C256-150C 
7C274-55C 
27C256-17C 
7C274-55C 
27C256-1C 
7C274-55C 
27C256-2C 
7C274-55C 
27C256-2OC 
7C274-55C 
27C256-25C 
7C274-55C 
27C256-20M 
7C274-55M 


27C256-25M 
7C274-55M 


27C291-3 
7C2911J- 35C + 


27C291-30 
7C2911J-35C+ 


27C291-5 
7C2911J-50C+ 


27C291-50 
7C2911J-50C+ 


27C292-3 
7C2921J-35C + 


27C292-35 
7C2921J-35C+ 


27C292-5 
7C2921J-50C+ 


27C292-50 
7C2921J-5OC + 


. 27C49-4C 
7C264-45C 
27C49-45C 
7C264-45C 
27C49-5C 
7C264-55C 


27C49-55C 
7C264-55C 
27C512-30M 
7C286-70M 


27C512-1C 
7C286-7OC 
27C512-12C 
7C286-7OC 


27C512-17C 
7C286-7OC 
27C512-2C 
7C286-70C 


27C512-2OC 
7C286-70C 
27C512-25C 
7C286-7OC 


27C512-3C 
7C286-70C 
PAL16R4-20M 
PALC16R4-20M 


27C512-30C 
7C286-70C 
PALl6R4-25C 
PALC16R4-25C 


27C512-20M 
7C286-70M 
PALl6R4-30M 
PALC16R4-30M 
27C512-25M 
7C286-70M 
PALl6R4A-2C 
PALC16R4-25C 
27C512-30M 
7C286-70M 
PALl6R4A-2M 
PALCI6R4-40M 
28Ll66W 
7C292-5OC 
PAL16R4AC 
PALCI6R4-25C 
28LB6AMW 
7C282-45M 
PALl6R4AM 
PALC16R4-30M 


28LB6AW 
7C282-45C 
PALl6R6-20M 
PALC16R6-20M 


28S166W 
7C292-50C 
PALl6R6-25C 
PALC16R6-25C 


28S86AMW 
7C282-45M 
PALl6R6-30M 
PALC16R6-30M 
28S86AW 
7C282-45C 
PAL16R6A-2C 
PALC16R6-25C 
32OC601-25 
7C601-25 
PALl6R6A-2M 
PALC16R6-40M 


32OC601-33 
7C601-33 
PALl6R6AC 
PALC16R6-25C 


32OC602-25 
7C602-25 
PALl6R6AM 
PALC16R6-30M 


320C602-33 
7C602-33 
PALl6R8-20M 
PALC16R8-20M 


32OC604-25 
7C604-25 
PALl6R8-25C 
PALC16R8-25C 


32OC604-33 
7C604-33 
PALl6R8-30M 
PALC16R8-30M 


38Ll65-35C 
7C291-35C 
PALl6R8A-2C 
PALC16R8-25C 


38Ll65-45C 
7C291-35C 
PALl6R8A-2M 
PALCI6R8-40M 


38Ll66-35 
7C292-35C 
PALl6R8AC 
PALCI6R8-25C 


38Ll66-45 
7C292-35C 
PALl6R8AM 
PALCI6R8-30M 


38LB5-45C 
7C281-45C 
PAL20LlOA-2C 
PLDC20G10-25C 


38R165-18C 
7C245-25C 
PAL20LlOA-2M 
PLDC20G10-30M 
38R165-25C 
7C245-35C 
PAL20LlOAC 
PLDC2OG10-35C 
38R85-15C 
7C235-3OC 
PAL20LlOAM 
PLDC2OG10-30M 
38S165-25C 
7C291A-25C 
PAL20LBA-2C 
PLDC20G 1O-25C 


38S165-35C 
7C291-35C 
PAL20LBA-2M 
PLDC20G10-30M 


38S85-30C 
7C281-30C 
PAL20LBAC 
PLDC20G 1O-25C 


54HC189 
7C189-25M 
PAL20LBAM 
PLDC20G10-30M 


54HCf189 
7C189-25M 
PAL20R4A-2C 
PLDC20G 10-25C 


54LS189A 
27LS03M 
PAL20R4A-2M 
PLDC20G 10- 30M 


54LS219A 
7CI90-25M+ 
PAL20R4AC 
PLDC2OG10-25C 


54S189A 
54S189M 
PAL20R4AM 
PLDC2OG10-30M 


61CD256-35 
7C197-35 
PAL20R6A-2C 
PLDC20G 1O-25C 
61CD256-45 
7C197-45 
PAL20R6A-2M 
PLDC20G 1O-30M 
64C256-35 
7CI94-35 
PAL20R6AC 
PLDC2OG10-25C 
64C256-45 
7C194-45 
PAL20R6AM 
PLDC20G 
1O-30M 
68CE256-35 
7C198-35 
PAL20R8A-2C 
PLDC20G 10-25C 
68CE256-45 
7C198-45 
PAL20R8A-2M 
PLDC2OG1O-30M 


7489 
7C189-25C 
PAL20RBAC 
PLDC20G 1O-25C 


74ACf29116 
7C9116AC 
PAL20R8AM 
PLDC20G 1O-30M 


74ACf29116-1 
7C9116AC 


74HC189 
7C189-25C 
TOSHIBA 
CYPRESS 


74HC219 
7C190-25C 
PREFIX:P 
SUFFIX:P 


74HCf189 
7C189-25C 
PREFIX:TC 
PREFIX:CY 


74LS189A 
27LS03C 
PREFIX:TMM 
PREFIX:CY 


74LS219A 
27S07C+ 
SUFFIX:D 
SUFFIX:D 


74S189A 
74S189C 
2015A-1O 
7CI28-55C+ 


74S189B 
7C189-25C 
2015A-12 
7C128-55C+ 


HCT9510E 
7C51O-75C+ 
2015A-15 
7C128-55C+ 


HCT951OE-1O 
7C51O-75C+ 
2015A-90 
7CI28-55C+ 


HCT9510M 
7C510-75M+ 
2018-25 
7C128-25C 


J61CD256-35 
7C197-35 
2018-35 
7C128-35C 


J64C256-35 
7C194-35 
2018-45 
7C128-45C 


J68CE256-35 
7C198-35 
2018-55 
7C128-55C+ 


PALI6LB-20M 
PALCI6LB-20M 
2018AP-35 
7C128-35C 


PALl6LB-25C 
PALC16LB-25C 
2018AP-45 
7C128-45C 


PALl6LB-30M 
PALCI6LB-30M 
2068-25 
7C168-25C 


PALl6LBA-2C 
PALCI6LB-35C 
2068-35 
7C168-35C 


PALl6LBA-2M 
PALC16LB-40M 
2068-45 
7C168-45C 


PALl6LBAC 
PALC16LB-25C 
2068-55 
7C168-45C 


PALl6LBAM 
PALC16LB-30M 
2069-35 
7C169-35C 


Note: Unless othcrwise 
noted, product 
mccls all performance 
specs and is wilhin 10 mA on lee and 5 mA on Is.; 
+ = 
meets all performance 
specs but 
mOlY 
not meet Ice 
or Iso; 
meets all perfonnance 
specs except 2V data retention 
- 
m••y not meet Ice 
or Iso; 
functionally 
equivalent. 


t 
SOIC only 
:I: 
32-pin LCC crosses to thc 7CI98M 


TRW 
CYPRESS 


2078-35 
7C170-35C 
2078-45 
7C170-45C 
2078-55 
7C170-45C 
2088-35 
7C186-35C 
2088-45 
7C186-45C 
2088-55 
7C186-55C 
27512AD-17C 
7C286-70C 
27512AD-2OC 
7C286-7OC 
27512AD-20OC 
7C286-7OC 
27512AD-25C 
7C286-7OC 
27512AD-250C 
7C286-72C 
275 12ADI-2OC 
7C286-70M 
27512ADI-25C 
7C286-70M 
27256BD-15C 
7C274-55C 
27256BD-150C 
7C274-55C 
27256BD-20C 
7C274-55C 
27256BD-200C 
7C274-55C 
27256BDI-15C 
7C274-55M 


27256BDI-20C 
7C274-55M 
315 
2147-55C 
315-1 
2147-55C 
55257-10 
7C199-55C 
55257-12 
7C199-55C 
55257-70 
7C199-55C 
55257-85 
7C199-55C 
55328-25 
7C199-25 
55328-35 
7C199-35 
55328P/J-25 
7C199-25C 
55328P/J-35 
7C199-35C 
55416-35 
7C164-35C 
55416-45 
7C164-45C 
55417-25 
7C166-25C 
55417-35 
7C166-35C 
55417-45 
7C166-45C 
55417P/J-15 
7C166-15C 
55417P/J-20 
7C166-20C 
55417P/J-25 
7C166-25C 
55417P/J-35 
7C166-35C 
55464-25 
7C194-25 
55464-35 
7C194-35 
55464P/J-25 
7C194-25C 
55464P/J-35 
7C194-35C 
55465-25 
7C196-25 
55465-35 
7C196-35 
55465P/J-25 
7C196-25C 
55465P/J-35 
7C196-35C 
5561-45 
7C187-45C+ 
5561-55 
7C187-45C+ 


5561-70 
7CI87-45C+ 
5561P/J-45 
7C187-45C 
5561P/J-55 
7C187-35C 
5561P/J-70 
7C187-45C 
5562-35 
7C187-35C 
5562-45 
7C187-45C 
5562-55 
7C187-45C 
5562P/J-35 
7C187-45C 
5562P/J-45 
7C187-45C 
5562P/J-55 
7C187-45C 
5563-10 
7C185-55C 
5563-12 
7C185-55C 
5563-15 
7C185-55C 
5565-10 
7C186-55C 


VTI 
CYPRESS 
2OC79-25C 
7C170A-25C 
2OC79-35 
7C170-35C 


2OC79-35C 
7C170A-35C 


2OC79-45 
7C170-45C 
20C98-15C 
7C185-15C 


20C98-2OC 
7C185-2OC 


2OC98-25C 
7C185-25C 


20C98-35 
7C185-35C+ 


20C98-35C 
7C185-35C 


20C98-45 
7C185-45C+ 


2OC98L-15C 
7C185-15C 


20C98L-2OC 
7C185-2OC 


20C98L-25C 
7C185-25C 


20C98L-35C 
7C185-35C 


20C99-35 
7C185-35C 


20C99-45 
7C185-45C 


2130-1OC 
7C130-55C 


2130-12C 
7C130-55C 


2130-15C 
7C130-55C 
6285H-15C 
7C161-15C 


6285HL-15C 
7C161-15C 


6285H-20C 
7C161-20C 


6285HL-2OC 
7C161-2OC 


6285H-25C 
7C161-25C 


6285HL-25C 
7C161-25C 


6285H-35C 
7C161-35C 


6285HL-35C 
7C161-35C 


6286H-15C 
7C162-15C 


6286HL-15C 
7C162-15C 
6286H-2OC 
7C162-2OC 


6286HL-2OC 
7C162-20C 


6286H-25C 
7C162-25C 


6286HL-25C 
7C162-25C 
6286H-35C 
7C162-35C 


6286HL-35C 
7C162-35C 


6287H-15C 
7C187-15C 
6287HL-15C 
7C187-15C 


6287H-2OC 
7C187-2OC 


6287HL-20C 
7C187-20C 
6287H-25C 
7C187-25C 


6287HL-25C 
7C187-25C 
6287H-35C 
7C187-35C 


6287HL-35C 
7C187-35C 
6288H-15C 
7C164-15C 
6288HL-15C 
7C164-15C 


6288H-20C 
7C164-20C 
6288HL-20C 
7C164-20C 
6288H-25C 
7C164-25C 
6288HL-25C 
7C164-25C 
6288I-1-35C 
7C164-35C 
6288HL-35C 
7C164-35C 
6289H-15C 
7C166-15C 
6289HL-15C 
7C166-15C 


6289H-2OC 
7C166-20C 
6289HL-2OC 
7C166-2OC 


6289H-25C 
7C166-25C 


6289HL-25C 
7C166-25C 


6289I-1-35C 
7C166-35C 
6289I-1L-35C 
7C166-35C 


7132-55 
7C132-55C 


7132-55C 
7C132-55C 
7132-70 
7C132-55C 


TRW 
5565-12 
5565-15 
5588P/J-20 
5588P/J-25 
5589P/J-25 
57256AD-12C 
57256AD-120C 
57256AD-15C 
57256AD-15OC 
57256AD-20C 
57512AD-15C 
57512AD-2OC 
57H2556D-7OC 
57H2556D-85C 
MPY016HA 
MPY016HC 
MPY016KA 
MPY016KC 
TDC1010A 
TDCI010C 
TMC2010A 
TMC2010C 
TMC2 11OA 
TMC2110C 
TMC216I-1A 
TMC216HC 


CYPRESS 
7C186-55C 
7C186-55C 
7C185-20C 
7C185-25C 
7C182-25C 
7C274-55C 
7C274-55C 
7C274-55C 
7C274-55C 
7C274-55C 
7C286-7OC 
7C286-7OC 
7C274-55C 
7C274-55C 
7C516-75M 
7C516-75C 
7C516-75M 
7C516-75C 
7C510-75M 
7C51O-75C 
7C510-75M+ 
7C510-75C+ 
7C51O-75M 
7C51O-75C 
7C516-75M 
7C516-75C+ 


VTI 
PREFIX:VL 
PREFIX:VT 
20C18-20C 
20C18-25 
2OC18-25C 
2OC18-35 
2OC18-35C 
2OC19-25 
2OC19-35 
2OC50-15C 
20C50-20C 
2OC50-25C 
2OC68-15C 
2OC68-20C 
20C68-25 
20C68-25C 
2OC68-35 
20C68-35C 
20C69-20C 
2OC69-25 
2OC69-25C 
2OC69-35 
2OC69-35C 
2OC69-45 
2OC71-25C 
20C71-35C 
2OC72-15C 
2OC72-25C 
2OC72-35C 
2OC78-25 
2OC78-35 
20C78-45 
20C79-20C 
20C79-25 


CYPRESS 
PREFIX:CY 
PREFIX:CY 
7C128A-20C 
7CI28-25C+ 
7C128A-25C 
7CI28-35C+ 
7C128A-35C 
7C128-25C 
7C128-35C 
7C150-15C 
7C150-15C 
7C150-25C 
7C168A-15C 
7C168A-2OC 
7C168-25C+ 
7C168A-25C 
7C168-35C+ 
7C168A-35C 
7C169A-20C 
7C169-25C 
7C169A-25C 
7C169-35C 
7C169A-35C 
7C169-45C 
7C171A-25C 
7Cl71A-35C 
7CI72A-15C 
7Cl72A-25C 
7Cl72A-35C 
7C170-25C+ 
7C170-35C+ 
7CI70-45C+ 
7C170A-20C 
7C170-25C 


III 


·'~ 
Product Line Cross Reference 
~""CYPRESS 
-=---', SEMJCO.ll:X..K: 


VTI 
CYPRESS 
WSI 
CYPRESS 
WEITEK 
CYPRESS 


7132-7OC 
7C132-55C 
57C291-45M 
7C291-35M 
20lODC 
7C510-55C 
7132-9OC 
7C132-55C 
57C291-55 
7C291-50C 
20lODM 
7C510-75M 


7132A-25C 
7C132-25C 
57C291-55M 
7C291-50M 
2010M 
7C51O-75M+ 
7132A-3OC 
7C132-25C 
57C291-70 
7C291-5OC 
2516AC 
7C516-55C 
7132A-35 
7C132-35C 
57C291-70M 
7C291-50M 
2516AM 
7C516-75M 


7132A-35C 
7C132-35C 
57C45-20 
7C245A-15C 
2516C 
7C516-75C 
7132A-45 
7C132-45C 
57C45-25 
7C245A-25C 
2516DC 
7C516-45C 
7132A-45C 
7C132-45C 
57C45-25M 
7C245A-25M 
2516DM 
7C516-55M 


7142-55 
7C142-55C 
57C45-35 
7C245A-35C 
2516M 
7C516-75M+ 


7142-55C 
7C142-55C 
57C45-35M 
7C245A-35M 
2517AC 
7C517-55C 
7142-70 
7C142-55C 
57C49 
7C261 
2517AM 
7C517-75M 
7142-7OC 
7C142-55C 
57C49 
7C263 
2517C 
7C517-75C 


7142-9OC 
7C142-55C 
57C49B 
7C261 
2517M 
7C517-75M+ 
7142A-25C 
7C142-25C 
57C49B 
7C263 


7142A-30C 
7C142-25C 
57C49B-35 
7C264-30C 


7142A-35 
7C142-35C 
57C49B-35T 
7C261-3OC 


7142A-35C 
7C142-35C 
57C49B-45 
7C264-4OC 


7142A-45 
7C142-45C 
57C49B-45T 
7C261-4OC 


7142A-45C 
7C142-45C 
57C49B-55 
7C264-45C 


7C122-15 
7C122-15C 
57C49B-55T 
7C261-45C 
7C122-15C 
7C122-15C 
57C49B-55TM 
7C261-45M 


7C122-25 
7C122-25C 
57C49B-55TM 
7C264-45M 


7C122-25C 
7C122-25C 
57C291-55 
7C291-5OC 


7C122-35 
7C122-35C 
57C291-55 
7C291-5OC 


7C122-35C 
7C122-35C 
57C49-55 
7C264-55C+ 


2010-65 
7C51O-65C 
57C49-55M 
7C264-55M 
2010-70 
7C51O-65C 
57C49-70 
7C264-55C+ 
2010-90 
7C51O-75C 
57C49-70M 
7C264-55M 


64KS4-35 
7C164-35C 
57C49-90 
7C264-55C+ 


64KS4-45 
7C164-45C 
57C49-90M 
7C264-55M 


64KS4-55 
7C164-45C 
57C51 
7C251 


65KS4-35 
7C166-35C 
57C51 
7C255 


65KS4-45 
7C166-45C 
57C51B 
7C251 
65KS4-55 
7C166-45C 
57C51B 
7C254 
59016C 
7C9101-40C 
WSI 
CYPRESS 
59016C 
7C9101-45M 
PREFlX:WS 
PREFIX:CY 
5901C 
2901CC+ 


SUFFIX:C 
PREFlX:CY 
5901M 
2901CM+ 


SUFFIX:D 
PREFIX:CY 
5910AC 
7C91O-4OC 


SUFFIX:M 
SUFFlX:P 
5910AM 
7C910-46M 
SUFFIX:P 
PREF1X:CY 
59510 
7C51O 
29C01C 
7C901-31C 
59516 
7C516-45C 


57C128F-70 
7C251-55C 
59517 
7C517-45C 


57C128F-70M 
7C251-55M+ 
57C128F-90 
7C251-55C 
WEITEK 
CYPRESS 


57C128F-90M 
7C251-55M+ 
1010AC 
7C51O-75C 
57C191B-35 
7C292-35C 
1010AM 
7C51O-75M 


57CI91B-35M 
7C292-35M 
1010BC 
7C51O-75C 


57C191B-45 
7C292-35C 
1010BM 
7C51O-75M 


57C191B-45M 
7C292-35M 
IOIOC 
7C51O-75C 


57C191-45 
7C292-35C 
10 10M 
7C51O-75M 
57C191-45M 
7C292-35M 
1516AC 
7C516-75C 
57C191-55 
7C292-50C 
1516AM 
7C516-75M 
57C191-55M 
7C292-50M 
1516BC 
7C516-55C 


57C191-70 
7C292-50C 
1516BM 
7C516-75M 


57C191-70M 
7C292-50M 
1516C 
7C516-75C 


57C256F 
7C274 
1516M 
7C516-75M 


57C291B-35 
7C291-35C 
2010AC 
7C510-55C 
57C291B-35M 
7C291-35M 
2010AM 
7C510-75M 


57C291B-45 
7C291-35C 
20lOBC 
7C51O-45C 
57C291B-45M 
7C291-35M 
20lOBM 
7C51O-55M 


57C291-45 
7C291-35C 
2010C 
7C51O-75C 


Note: Unless othetwise 
noted, product 
meets all performance 
specs and is within 10 mA on Ice and 5 mA on ISB; 


+ = 
meets all performance 
specs but may not meet Ice or ISB; 


• 
meets all performance 
specs except 2V data retention - may not meet Ice or IsB; 
functionally 
equivalent. 


t 
SOIC only 
* 
32-pin LeC crosses to the 7CI98M 


--• 


PROMS 
• 


EPLDS 
• 


FIFOS 
• 


LOGIC 
• 


RISC 
• 


MODULES 
• 


ECL 
• 


BUS INTERFACE PRODUCTS 
B 


MILITARY 
• 


DESIGN AND 
&II 
PROGRAMMING TOOLS 


QUALITY AND 
-- 
RELIABILITY 


PACKAGES 
ell 


Device Number 
CY2147 
CY2148 
CY21lA8 
CY2149 
CY21IA9 
CY6116 
CY6116A 
CY6117A 
CY7C101 
CY7C102 
CY7C106 
CY7C107 
CY7C1OS 
CY7C109 
CY7C122 
CY7Cl23 
CY7Cl28 
CY7Cl28A 
CY7C130 
CY7Cl3l 
CY7Cl40 
CY7C141 
CY7C132 
CY7C136 
CY7C142 
CY7Cl46 
CY71l134 
CY7B135 
CY7B1342 
CY7B138 
CY7Bl44 
CY7C147 
CY7Cl48 
CY7C149 
CY7C150 
CY7B153 
CY7B154 
CY7B155 
CY7B156 
CY7C157A 
CY7Bl60 
CY7B161 
CY7B162 
CY7C161 
CY7C162 
CY7C161A 
CY7C162A 
CY7B163 
CY7Bl64 
CY7Bl66 
CY7Cl64 


Description 
4096 x 1 Static R/W RAM 
..........•............................................... 
2-1 


1024 x 4 Static R/W RAM 
2-6 


1024 x 4 Static R/W RAM, Low Power 
2-6 


1024 x 4 Static R/W RAM 
.....................•...... 
"' 
2-6 


1024 x 4 Static R/W RAM, Low Power ..........•.................................... 
2-6 


2048 x 8 Static R/W RAM 
.....................•................................... 
2-12 
2048 x 8 Static R/W RAM 
2-19 


2048 x 8 Static R/W RAM 
2-19 


262,144 x 4 Static R/W RAM with Separate I/O 
.....•................................ 
2-26 


262,144 x 4 Static R/W RAM with Separate I/O 
. 
2-26 


262,144 x 4 Static R/W RAM 
2-32 


1,048,576 x 1 Static R/W RAM 
2-39 


131,072x 8 Static R/W RAM 
2-45 


131,072x 8 Static R/W RAM 
2-45 


256 x 4 Static R/W RAM Separate I/O 
, 
2-52 
256 x 4 Static R/W RAM Separate I/O 
...............•.............................. 
2-59 


2048 x 8 Static R/W RAM 
.....................•................................... 
2-65 
2048 x 8 Static R/W RAM 
2-72 


1024 x 8 Dual-Port Static RAM ............•........................................ 
2-80 


1024 x 8 Dual-Port Static RAM 
2-80 
1024 x 8 Dual-Port Static RAM ..............•...................................... 
2-80 


1024 x 8 Dual-Port Static RAM .................•................................... 
2-80 
2048 x 8 Dual-Port Static RAM 
2-92 


2048 x 8 Dual-Port Static RAM 
2-92 


2048 x 8 Dual-Port Static RAM 
2-92 
2048 x 8 Dual-Port Static RAM 
2-92 


4K x 8 Dual-Port Static RAM 
_ 
2-104 


4K x 8 Dual-Port Static RAM 
_ 
2-104 


4K x 8 Dual-Port Static RAM with Semaphores ......................•............... 
2-104 


4K x 8 Dual-Port Static RAM with Semaphores, INT, and BUSy 
2-114 
8K x 8 Dual-Port Static RAM with Semaphores, INT, and BUSy 
2-128 


4096 x 1 Static RAM 
2-142 


1024 x 4 Static RAM 
....................................•........................ 
2-149 


1024x 4 Static RAM 
2-149 


1024 x 4 Static R/W RAM 
2-156 


65,536 x 4 Expandable Static R./W RAM 
2-164 
65,536 x 4 Expandable Static R./W RAM 
2-164 
16K x 16 Synchronous Static RAM 
2-171 
16K x 16 Synchronous Static RAM .............•..........•........................ 
2-171 
16,384 x 16 Static R/W Cache Storage Unit 
................•........................ 
2-177 


Expandable 
16,384 x 4 Static RAM 
2-179 


16,384x 4 Static RAM Separate I/O . . . . . . . . .. . .. . . . . . . . • .. .. . . . . . . 
. 
2-184 


16,384x 4 Static RAM Separate I/O 
J. 
•• • . . . . . . . . 
• ••.•••••• 
2-184 


16,384x 4 Static R/W RAM Separate I/O . .. .. . .. . .. .. . .. . . . . . . .. . . 
. 
2-190 


16,384x 4 Static R/W RAM Separate I/O 
_ 
2-190 


16,384x 4 Static R/W RAM Separate I/O 
2-197 
16,384x 4 Static R/W RAM Separate I/O 
2-197 


Expandable 262,144 x 1 Static R/W RAM with Separate I/O 
2-205 


16,384 x 4 Static R/W RAM 
2-211 


16,384 x 4 Static R/W RAM ..........•............................................ 
2-211 


16,384 x 4 Static R/W RAM.. 
. . . . . . . . .. . .. . • . .. . . . .. . .. . .. . . . . . 
. .... 
2-217 


Device Number 
CY7CI66 
CY7CI64A 
CY7CI66A 
CY7C167 
CY7C167A 
CY7CI68 
CY7C169 
CY7CI68A 
CY7C169A 
CY7C170 
CY7C170A 
CY7CI71 
CY7CI72 
CY7C171A 
CY7CI72A 
CY7B173 
CY7B174 
CY7B180 
CY7B181 
CY7C182 
CY7C183 
CY7C184 
CY78185 
CY7BI86 
CY7C185 
CY7C186 
CY7C185A 
CY7C186A 
CY7C187 
CY7C187A 
CY7C189 
CY7CI90 
CY7B191 
CY7BI92 
CY7CI91 
CY7CI92 
CY78193 
CY7B194 
CY7B195 
CY7B196 
CY7C194 
CY7C195 
CY7C196 
CY7B197 
CY7C197 
CY7B198 
CY78199 
CY7C198 
CY7C199 
CY74S189 
CY27LS03 


Description 
16,384 x 4 Static R/W RAM with Output Enable 
2-217 
16,384 x 4 Static R/W RAM 
2-224 
16,384x 4 Static R/W RAM with Output Enable 
2-224 


16,384x 1 Static R/W RAM 
2-233 


16,384 x 1 Static RAM 
2-240 


4096 x 4 Static RAM 
2-247 


4096 x 4 Static RAM 
2-247 


4096 x 4 R/W RAM 
2-254 
4096 x 4 R/W RAM 
2-254 
4096 x 4 Static R/W RAM 
2-263 


4096 x 4 Static R/W RAM 
2-268 


4096 x 4 Static R/W RAM Separate 110 .......•.......•...................•..•..... 
2-274 
4096 x 4 Static R/W RAM Separate 110 .......•.......... 
, 
2-274 
4096 x 4 Static R/W RAM Separate 110 ...............•............................ 
2-280 
4096 x 4 Static R/W RAM Separate 110 ............•............................... 
2-280 
32,768 x 9 Synchronous Cache R/W RAM 
2-288 


32,768 x 9 Synchronous Cache R/W RAM 
2-288 


4K x 18 Cache Tag .............................•................................. 
2-297 
4K x 18 Cache Tag 
2-297 
8,192 x 9 Static R/W RAM 
2-316 


2 x 4096 x 16 Cache RAM 
2-321 


2 x 4096 x 16 Cache RAM ............................•............................ 
2-321 


8,192 x 8 Static RAM 
2-329 


8,192 x 8 Static RAM 
2-329 


8,192 x 8 Static R/W RAM 
2-334 


8,192 x 8 Static R/W RAM 
2-334 
8,192 x 8 Static R/W RAM 
, 
2-341 
8,192x 8 Static R/W RAM ......•................................................. 
2-341 


65,536 x 1 Static R/W RAM 
2-349 


65,536 x 1 Static R/W RAM ..................•....•............................... 
2-356 


16 x 4 Static R/W RAM 
.....................•.................................... 
2-365 


16 x 4 Static R/W RAM 
.............................•............................ 
2-365 


65,536 x 4 Static R/W RAM Separate 110 
2-372 


65,536 x 4 Static R/W RAM Separate 110 
2-372 


65,536 x 4 Static R/W RAM Separate 110 ..............•............................ 
2-379 


65,536 x 4 Static R/W RAM Separate 110 . . . . . . • . . . . . . . • . . • . . . . . . . . . . . . . . . . 
. 
2-379 


262,144 x 1 Static R/W RAM 
2-386 


65,536 x 4 Static R/W RAM 
2-393 


65,536 x 4 Static R/W RAM with Output Enable 
2-393 


65,536 x 4 Static R/W RAM with Output Enable 
2-393 
65,536 x 4 Static R/W RAM 
2-401 
65,536 x 4 Static R/W RAM with Output Enable 
2-401 
65,536 x 4 Static R/W RAM with Output Enable 
2-401 


262,144 x 1 Static R/W RAM 
2-409 


262,144 x 1 Static R/W RAM 
2-415 
32,768 x 8 Static R/W RAM . . . . .. .. .. . .. . .. . .. . .. .. . . . . . . .. . . .. . . . .. . .. . . 
. 
2-422 


32,768 x 8 Static R/W RAM. 
. . .. . .. . . . . . . . .. . . .. . .. .. . ... .. .. . .. . . . 
. 2-422 


32,768 x 8 Static R/W RAM. 
. . .. . . . . . . 
. . . . . .. . . . . .. .. .. 
. 
2-429 


32,768 x 8 Static R/W RAM . .. . .. . . . .. .. . . . . . . .. . .. . . 
. 
2-429 


16 x 4 Static R/W RAM 
. .. 2-437 


16 x 4 Static R/W RAM 
2-437 


Device Number 
CY27S03 
CY27S07 
CY93422A 
CY93lA22A 
CY93422 
CY93lA22 
CYMI240 
CYMI420 
CYM1422 
CYMI423 
CYMI441 
CYMI460 
CYMI461 
CYMI464 
CYMI465 
CYMI466 
CYMI471 
CYMI481 
CYMI540 
CYMI560 
CYM1610 
CYMI611 
CYMI620 
CYM1621 
CYM1622 
CYMI624 
CYMI641 
CYMI720 
CYM1821 
CYM1822 
CYMI818 
CYM1830 
CYM1831 
CYM1832 
CYM1838 
CYMI840 
CYM1841 
CYMI910 
CYMI911 
CY7M194 
CY7M199 


Description 
16 x 4 Static R/W RAM 
. 
2-437 


16 x 4 Static R/W RAM 
. 2-437 
256 x 4 Static R/W RAM 
. 
2-443 


256 x 4 Static R/W RAM 
2-443 


256 x 4 Static R/W RAM 
. 
2-443 


256 x 4 Static R/W RAM 
. 
2-443 


256K x 4 Static RAM Module 
. 
2-449 


118K x 8 Static RAM Module 
2-450 


118K x 8 Static RAM Module 
2-451 
118K x 8 Static RAM Module 
2-452 


256K x 8 Static RAM Module 
.....................•............................... 
2-453 


512K x 8 Static RAM Module 
2-454 


512K x 8 Static RAM Module 
2-455 


512K x 8 Static RAM Module 
2-456 


512K x 8 Static RAM Module 
. .'........................... 
. . 2-457 


512K x 8 Static RAM Module 
. . . . . . . . . . . . . . 
. . . . . . . . . . . . . . .. . 
2-458 


lO24K x 8 Static RAM Module 
. 
2-459 


2048K x 8 Static RAM Module 
2-459 


256K x 9 Buffered Static RAM Module with Separate ua 
2-460 


lO24K x 9 Buffered Static RAM Module with Separate ua 
2-461 


16K x 16 Static RAM Module 
2-462 


16K x 16 Static RAM Module 
2-463 
64K x 16 Static RAM Module 
2-464 
64K x 16 Static RAM Module 
. . 2-465 
64K x 16 Static RAM Module 
2-466 
64K x 16 Static RAM Module 
...............•..................................... 
2-467 
256K x 16 Static RAM Module 
. 
2-468 


32K x 24 Static RAM Module 
2-469 


16K x 32 Static RAM Module 
2-470 


16K x 32 Static RAM Module with Separate ua 
2-471 


32K x 32 Static RAM Module 
2-472 


64K x 32 Static RAM Module 
2-473 
64K x 32 Static RAM Module 
2-474 
64K x 32 Static RAM Module 
2-475 


118K x 32 Static RAM Module 
2-476 


256K X 32 Static RAM Module. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
2-477 


256K x 32 Static RAM Module 
2-478 


16K x 68 Static RAM Module 
. 
2-479 


16K x 68 Static RAM Modu Ie 
2-480 
64K x 4 Static RAM Module.............. 
" 2-481 


32K x 8 Static RAM Module 
. 
2-482 


.-:_.~ 


'~3CYPRESS 
F 
SEMICONDUCTOR 


Features 


• Automatic power-down when dese- 


lected 
• CMOS for optimum speed/power 
• High speed 
- 
35 ns 


• Low active power 


- 
690 mW (commercial) 


- 
770 mW (military) 


• 
Low standby power 
- 
140 mW 


• TTL-compatible 
imputs and outputs 
• Capable of withstanding 
greater than 


2001V electrostatic 
discharge 


Functional Description 
The CY2147 is a high-performance 
CMOS 
static RAM organized as 4096 by 1bit. Easy 
memory expansion is£!Qvided by an active 
LOW 
chip enable 
(CE) and three-state 
drivers. The 
CY2147 has an automatic 
power-down 
feature. reducing the power 


consumption by 80% when deselected. 


Writing to the device is accomplished when 
t~chip 
enable 
(CE) and write enable 
(WE) inputs are both LOW: Data on the in- 
put pin (D!) is written into the memory lo- 
cation specified on the address pins (Ao 
through A,,). 


Reading the device isaccomplished by taking 
the c~enable 
(CE) LOW while write en- 
able (WE) remains HIGH. Under these con- 
ditions the contents of the memory location 
specified on the address pins will appear on 
the data output (DO) pin. 


The output pin stays in high-impedance state 
when~ 
enable (CE) is HIGH or write en- 
able (WE) is LOW: 


2147-35 
2147-45 
2147-55 


Maximum Access Time (ns) 
35 
45 
55 


Maximum Of 
rating 
Commerical 
125 
125 
125 


Current (mA 
Military 
140 
140 


Maximum Standby 
Commerical 
25 
25 
25 
Current (mA) 
Military 
25 
25 


• 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 


Ambient Temperature 
with 
(per MIL-STD-S83, Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage to Ground Potential. 
. . . . .. 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage Applied to Outputs 
in High Z State. . . . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


DC Input Voltage ....................•.. 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military(1) 
- 55°C to + 125°C 
5V ± 10% 


2147 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = - 4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 12.0 mA 
0.4 
V 


VIH 
Input HIGH Voltage 
2.0 
Vee 
V 


V'L 
Input LOW Voltage 
-3.0 
0.8 
V 


I,x 
Input Load Current 
GND..$.. V,..$.. Vee 
-10 
+ 10 
j.lA 


Ioz 
Output Leakage Current 
GND..$.. Vo..$.. Vee, 
-50 
+50 
j.lA 


Output Disabled 


Ios 
Output Short 
Vee = Max., VOUT= GND 
-350 
mA 
Circuit Current!') 


Ice 
Vee Operating Supply Current 
Vee = Max., lOUT= 0 mA 
Com'l 
125 
mA 


Mil 
140 


ISB 
Automatic CE 
Max. Vee,CE2. 
VIH 
Com'l 
25 
mA 


Power-Down Current!4] 
Mil 
25 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
8 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
8 
pF 


Notes: 
1. 
TA is the "instant 
on" case temperature. 
2. 
See the last page of this specificationfor Group A subgroup testing 
information. 


3. 
Duration of the short circuit should not exceed 30 seconds. 


4. 
A pull-upresistor to Vee on the CE input isrequired to keep the de- 
vice deselected during Vcc power-up, otherwise Iso will exceed values 
given. 


5. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 


AC Test Loads and Waveforms 
RI329!1. 


5V 


OUTPUT 


5V 


OUTPUT 


30PFI 


INCLUDING 
JIG AND 
_ 
SCOPE 
- 
(a) 


Equivalent to: 


5 


PFI 
INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(b) 


THEVENIN 
EQUIVALENT 
,25!1. 


2147-35 
2147-45 
2147-55 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
35 
45 
55 
ns 


tAA 
Address 
to Data 
Valid 
35 
45 
55 
ns 


tOllA 
Output 
Hold 
from 
Address 
Change 
5 
5 
5 
ns 


tACE 
CE 
LOW 
to Data 
Valid 
35 
45 
55 
ns 


tUCE 
CE 
LOW 
to Low 
Zl71 
5 
5 
5 
ns 


tHZCE 
CE HIGH 
to High 
ZI7.8) 
30 
30 
30 
ns 


tpu 
CE 
LOW 
to Power-Up 
0 
0 
0 
ns 


tpo 
CE 
HIGH 
to Power-Down 
20 
20 
20 
ns 


WRITE 
CYCLEI91 


twc 
Write 
Cycle 
Time 
35 
45 
55 
ns 


tSCE 
CE 
LOW 
to Write 
End 
35 
45 
45 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
35 
45 
45 
ns 


tllA 
Address 
Hold 
from 
Write 
End 
0 
0 
10 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
20 
25 
25 
ns 


tso 
Data 
Set-Up 
to Write 
End 
20 
25 
25 
ns 


tllo 
Data 
Hold 
from 
Write 
End 
, 
10 
10 
10 
ns 


tllzwE 
WE 
LOW 
to High 
Z171 
20 
25 
25 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z17.81 
0 
0 
0 
ns 


Notes: 
6. 
Test conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified IOL/loH and 30-pF load capacitance. 
7. 
At any given temperature 
and voltage condition, 
1HZis less than tLZ 


for all devices. 


8. 
tllZCE and tHzwE are specified with CL = 5 pF as in part (b) of AC 
Test Loads. Transition 
is measured 
± 500 mV from steady state volt- 


age. 


9. 
The intern~rite 
time of the memmy is defined by the overlap ofCE 


LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate 
a write by going HIGH. The data input set- 


upand hold timing should be referenced 
to the rising edge of Ihe signal 


that terminates the write. 


10. WE is HIGH 
for read cycle. 


11. Device is continuously 
selected, 
CE = V1L. 


12. Address valid prior to or coincident 
with CE transition 
low. 


13. If CE goes HfGH simultaneously 
with WE HIGH, 
the output remains 


in a high-impedance 
state. 


Switching 
Waveforms 


Read 
Cycle 
No. 
1[10,111 tz-~~"~ 


OATAOUT ----P-R-EV-IO-US-O-A-T-A-V-A-L-IO-J-X--X--*=================O=A=T=A=V=A=L=IO==============*- 


Ell 


Switching Waveforms 
(continued) 


Read Cycle No. 2[10, 12J 


Vcc 
SUPPLY 
CURRENT 


tp I 
""1' 
~ 


______ 
u_J-so-%---------------------t- 


PD 
-5O%'f= 
II~~ 


!t;ZWE --l 


DATA OUT --------D-A-T-A-U-N-D-E-F-IN-E-D--------- 
> 


IuwE-./ 


HIGH IMPEDANCE 
<==========~ 


!t;ZWE 
~ 
--------------------- 
HIGH IMPEDANCE 
DATA UNDEFINED 
--------------------- 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


35 
CY2147-35PC 
P3 
Commercial 


CY2147-35DC 
D4 


45 
CY2147-45PC 
P3 
Commercial 


CY2147-45DC 
D4 


CY2147-45DMB 
D4 
Military 


55 
CY2147-55PC 
P3 
Commercial 


CY2147-55DC 
D4 


CY2147-55DMB 
D4 
Military 


MILITARY 
SPECIFICATIONS 


Group 
A Subgroup 
Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIII 
1,2,3 


V,L Max. 
1,2,3 


I,x 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


Is", 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


loHA 
7, 8, 9, 10, 11 


tACE 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tSCE 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


tso 
7, 8, 9, 10, 11 


tHO 
7, 8, 9, 10, 11 


CYPRESS 
SEMICONDUCTOR 


• 
Automated 
power-down when dese- 


lected (2148) 


• 
CMOS for optimum speed/power 
• 
Low power 
- 
660 mW (commercial) 


- 
770 mW (military) 


• 
5-volt power supply ± 10% tolerance 
both commercial and military 
• 
TTL-compatible 
inputs and outputs 


Vcc- 


Vss- 


Functional 
Description 


Thc CY2148 and CY2149 are high-perfor- 
mance CMOS static RAMs organized as 
1024 by 4 bits. Easy memory expansion is 
llrovided by an active LOW chip select 
(CS) input and three-state 
outputs. The 
CY2148 and CY2149 are identical except 
that the CY2148 includes an automatic 
(CS) power-down feature. The CY2148 re- 
mains in a low-power mode as lon~ 
the 


device remains 
deselected, 
i.e., (CS) is 
HIGH, 
thus reducing the average power 
r~uirements 
of the device. The chip select 
(CS) of the CY2149 does not affect the 
power dissipation of the device. 


An active LOW write enable signal (WE) 
controls the writing/reading 
operatio!!"pf 
the memory. When the chip select (CS) 


and write enablc 
(WE) inputs are both 


LOW, data on the four data input/output 
pins (I/Oo through 1103) is written into the 
memory location addressed by the address 
present on the address pins (Ao through 
~). 
Reading the device~accomplished 
by se- 


lecting the device, (CS) active LOW, while 
(WE) remains inactive or HIGH. 
Under 


these conditions, the contents of the loca- 
tion addressed by the information 
on ad- 
dress pins (Ao through A9) is present on 
the 
four 
data 
input/output 
pins 
(1100 


through 1/03), 
The input/output 
pins (1100 through 1103) 


remain in a high-impedance 
state unless 


the chip is selected and write enable (WE) 
is HIGH. 


2148·35 
21L48-35 
2148-45 
21L48-45 
2148-55 
21L48-55 


2149-35 
21L49-35 
2149-45 
21L49-45 
2149-55 
21L49-55 


Maximum Access Time (ns) 
35 
35 
45 
45 
55 
55 


Maximum O)erating 
I Commercial 
140 
120 
140 
120 
140 
120 
Current (mA 
I Military 
140 
140 


CY2148/CY21L48 
CY2149/CY21L49 


Maximum 
Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Output Current into Outputs (Low) 
20 mA 
Ambient Temperature 
with 


Power Applied.. 
. 
- 55°C to + 125°C 
Operating 
Range 


Supply Voltage to Ground Potential 
(Pin 18 to Pin 9) 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


Electrical 
Characteristics 
Over the Operating 
Rangel21 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Militarylll 
- 55°C to + 125°C 
5V ± 10% 


2148 
21L48 


2149 
21L49 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


lOll 
Output HIGH Current 
Vee = Min., Vall = -0.4 mA 
2.4 
2.4 
mA 


IOL 
Output LOW Current 
Vee = Min., VOL= 8.0 mA 
0.4 
0.4 
mA 


VIH 
Input HIGH Voltage 
2.0 
6.0 
2.0 
6.0 
V 


V'L 
Input LOW Voltage 
- 3.0 
0.8 
- 3.0 
0.8 
V 


I,x 
Input Load Current 
Vss~ 
VI~ 
Vee 
-10 
+10 
-10 
+10 
~A 


loz 
Output Leakage 
GND~ 
Vo~ 
Vall, 
TA = O°Cto 
+ 125°C 
- 50 
+50 
- 50 
+50 
~A 
Current 
Output Disabled 


Ice 
Vee Operating 
Max. Vee, CS ~ 
VIL 
TA = O°C to + 70°C 
140 
120 
mA 
Supply Current 
Output Open 
TA = -55°Cto 
+ 125°C 
140 


Iso 
Automatic CS 
Max. Vee, CS ~ 
VIL 
TA = O°Cto 
+70°C 
30 
20 
mA 


Power-Down Current 
(2148 only) 
TA = -55°Cto 
+ 125°C 
30 


[po 
Peak Power-On 
Max. Vee,CS~ 
VIL 
TA = O°C to +70°C 
50 
30 
mA 


CurrentI'] 
(2148 only) 
TA = -55°Cto 
+ 125°C 
50 


los 
Output Short 
GND~ 
Vo~ 
Vee 
TA = O°Cto 
+70°C 
±275 
±275 
mA 
Circuit Current!41 
TA = -55°Cto 
+ 125°C 
±350 


I'arameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C,f= 
1 MHz, 
8 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
8 
pF 


Notes: 
1. 
TA is the "instant on" case temperature. 
2. 
See Ihe lost pogeof this specificationfor Group A subgroup testing 
information. 
3. 
A pull-upresistor to Vee on the CSinput isrequired to keep the de- 
vicedeselected during Vee power up. Otherwise,currenl willexceed 
valuesgive(CY2148 only). 


AC Test Loads and Waveforms 


30PFr 
INCLUDING 
JIG AND -= 


SCOPE 
(a) 


5PFr 
INCLUDING 


JIG AND -= 


SCOPE 


(b) 


THEVENIN EQUIVALENT 
167.(1. 


4. 
For test purposes,not more than 1output at a timeshouldbe shorted. 
Short circuit test duration should not exceed 30 seconds. 
5. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 


ALL INPUT PULSES 


3'~~% 
~ 
10% 
10% 


GND=: 
• 
IOns 


CY2148/CY21lA8 


CY2149/CY21lA9 


2148-35 
2148-45 
2148-55 
2149-35 
2149-45 
2149-55 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ CYCLE 


tRC 
Address Valid to Address Do Not 
35 
45 
55 
Care Time (Read Cycle Time) 
ns 


tAA 
Address Valid to Data Out 
35 
45 
55 
Valid Delay (Address Access Time) 
ns 


tAcs,16) 
Chip Select LOW to Data Out Valid 
35 
45 
55 
ns 


tAcspl 
(CY2148 only) 
45 
55 
65 
ns 


tAcs 
Chip Select LOW to Data Out Valid 
15 
20 
25 
ns 
(CY2149 only) 


tLzl8) 
Chip Select LOW to 
2148 
10 
10 
10 
ns 


Data Out Valid 
2149 
5 
5 
5 


tHZ!8] 
Chp Select HIGH to Data Out Off 
0 
20 
0 
20 
0 
20 
ns 


tOH 
Address Unknown to Data Out 
0 
5 
5 
Unknown Time 
ns 


tPD 
Chip Select HIGH to 
2148 
30 
30 
30 
ns 
Power-Down Delay 


tpu 
Chip Select LOW to 
2149 
0 
0 
0 
ns 
Power-Up Delay 


WRITE CYCLE 


twc 
Address Valid to Address Do Not 
35 
45 
55 
Care (Write Cycle Time) 
ns 


twp!91 
Write Enable LOW to 
30 
35 
40 
Write Enable HIGH 
ns 


tWR 
Address Hold from Write End 
5 
5 
5 
ns 


twzl8] 
Write Enable LOW to 
0 
10 
0 
15 
0 
20 
Output in High Z 
ns 


tow 
Data-In Valid to Write Enable HIGH 
20 
20 
20 
ns 


tDl-f 
Data Hold Time 
0 
0 
0 
ns 


tAs 
Address Valid to 
0 
0 
0 
Write Enable LOW 
ns 


lcw'9] 
Chip Select LOW to 
30 
40 
50 
Write Enable HIGH 
ns 


towl81 
Write Enable HIGH to 
0 
0 
0 
Output in Low Z 
ns 


tAW 
Address Valid to End of Write 
30 
35 
50 
ns 


Notes: 
6. 
Chip deselected 
greater 
than 55 ns prior to selection. 


7. 
Chip deselected 
less than 55 ns prior to selection. 


8. 
At any given temperature 
and voltage 
condition, 
'HZ is less than lLZ 
for all devices. Transition is measured ± 500 mV from steady state 
voltage with specified loading in part (b) of AC Test Loads. 


9. 
The internal write time of the memory is defined by the overlap of CS 
WW and WE Ww. Both signals must be WW to initiate a write and 
either signal can terminate 
a write by going IIIGII. The data input set- 


upand hold timing should be referenced 
to the rising edge of the signal 


that terminates the write. 


CY2148/CY21IA8 


CY2149/CY21IA9 


Switching Waveforms 


Read Cycle No. 1\10.111 


tz ~ ~ 


PREVIOUSDATAVA~I: ==5k XX*=================D=A=T=A=V=A=L=ID=============~*- • 


tu 


HIGH IMPEDANCE 


Vcc 
SUPPLY 
CURRENT _____tp_U_J-50-%---------------------tp-D-~ :~: 


low 


DATA-INVALID 


twz ---l 


DATA110--------D-A-r-A-U-N-D-E-F-IN-E-D---------y 
HIGH IMPEDA~~E1,.... 
========== 


Notes: 
10. WE is HIGH 
for read cycle. 
11. Device is continuously 
selected. CS = VtL. 


12. Address valid prior to or coincident 
with CS transition 
LOW 


13. lfCS goes HIGH simuitaneouslywith 
WE IIIGI I. the output remains 


in a high-impedance state. 


CY2148/CY21IA8 


CY2149/CY21IA9 


Switching Waveforms 
(continued) 


Write Cycle No.2 (CS Controlled) 
113J 


low 


DATA-IN VALID 
___ 
twz=j 
- 
HIGH IMPEDANCE 
DATA UNDEFINED 
'--------------------- 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


35 
CY2148-35PC 
P3 
Commercial 


CY2148-350C 
04 


45 
CY2148-45PC 
P3 
Commercial 


CY2148-450C 
04 


CY2148-450MB 
04 
Military 


55 
CY2148-55PC 
P3 
Commercial 


CY2148-550C 
04 


CY2148-550MB 
04 
Military 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


35 
CY2149-35PC 
P3 
Commercial 


CY2149-350C 
04 


45 
CY2149-45PC 
P3 
Commercial 


CY2149-450C 
04 


CY2149-450MB 
04 
Military 


55 
CY2149-55PC 
P3 
Commercial 


CY2148-550C 
04 


CY2148-550MD 
04 
Military 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


35 
CY21lA8-35PC 
P3 
Commercial 


CY21lA8-350C 
04 


45 
CY21lA8-45PC 
P3 
Commercial 


CY21lA8-450C 
04 


55 
CY21lA8-55PC 
P3 
Commercial 


CY21lA8-200C 
04 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


35 
CY21lA9-35PC 
P3 
Commercial 


CY21lA9-350C 
04 


45 
CY21lA9-45PC 
P3 
Commercial 


CY21lA9-450C 
04 


55 
CY21lA9-55PC 
P3 
Commercial 


CY21lA9-550C 
04 


CY2148/CY21IA8 


CY2149/CY21IA9 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


IOH 
1,2,3 


TOL 
1,2,3 


VIH 
1,2,3 


V,LMax. 
1,2,3 


I,x 
1,2,3 


Ioz 
1,2,3 
Icc 
1,2,3 


ISB[141 
1,2,3 


Parameters 
Subgroups 


READ 
CYCLE 


tRC 
7, 8, 9, 10, 11 


lAA 
7, 8, 9, 10, 11 


IACS,"4] 
7, 8, 9, 10, 11 


IACSZ"4] 
7, 8, 9, 10, 11 


IACSI151 
7, 8, 9, 10, 11 


IOH 
7, 8, 9, 10, 11 


WRITE CYCLE 


lwc 
7, 8, 9, 10, 11 


lwp 
7, 8, 9, 10, 11 


IWR 
7, 8, 9, 10, 11 


IDW 
7, 8, 9, 10, 11 


IDH 
7, 8, 9, 10, 11 


IAS 
7, 8, 9, 10, 11 


lAW 
7, 8, 9, 10, 11 


Notes: 
14. CY2148 
only. 
15. CY2149 
only. 


• 
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of3'CYPRESS 
- 
F 
SEMICONDUCTOR 


Features 


• Automatic power-down when 


deselected 


• CMOS for optimum speed/power 
• 
High speed 
- 
35 ns 


• 
Low active power 
- 
660mW 


Functional Description 
Thc CY6116 is a high-performance 
CMOS 


Static RAM organized as 2048 words by 8 
bits. Easy memory expansionJ2.provided by 
an active LOW chip enable (CE) and active 
LOW output enable (OE) and three-state 
drivers. The 
CY6116 has an automatic 
power-down 
feature, reducing the power 


consumption 
by 83% when deselected. 


An active LOW write enable signal (WE) 
controls the writing/reading 
operatio!!...2f 


the memory. 
When the chip enable (CE) 


and write enable 
(WE) inputs are both 


LOW, data on the eight data input/output 
pins (IJOo through 1/01) is written into the 


• 
Low standby power 
- 
110mW 


• TTL-compatible 
inputs and outputs 
• 
Capable of withstanding 
greater 


than 2001V electrostatic 
discharge 


memory location addressed by the address 
present on the address pins (Ao through A 10). 
Reading the device is accomplished 
by se- 


lecting tb£...device and enabling~ 
outputs, 


CE and OE active LOW, while WE remains 
inactive or HIGH. 
Under these conditions, 


the contents of the location addressed by the 
information on address pins is present on the 
eight data input/output 
pins. 


The input/output 
pins remain in a high-im- 


pedance state unless the chip isselected. out- 
puts are enabled, and write enable (WE) is 
HIGH. 


The CY6116 utilizes a die coat to insure al- 
pha immunity. 


Pin Configurations 


DII'/SO] 
Top View 


A, 
24 
Vcc 
•• 
23 
•• 
A, 
22 
•• 
A. 
21 
WE 
•• 
20 
DE 


A, 
A" 


A, 
CE 


•• 
I/O, 


IlOo 
1100 


110, 
1105 


1/02 
1/04 


GND 
l/O3 


6116-2 


LCC 


Top View 
:t:r:nJ):j:f 


4 3 2 ~1_,282726 
WE 
•• 
5 
25 


A, 
6 
24 
DE 


NC 
7 
23 
A" 


NC 
6 
CY6116 
22 
NC 


A, 
9 
21 
NC 
•• 
10 
20 
CE 


IlOo 
11 
19 
I/O, 


12131415161718 


••.• NO 
("')'<111)(0 
ggagggg 
6116-4 


CY6116-35 
CY6116-45 
CY6116-55 


Maximum Access Time (ns) 
35 
45 
55 


Maximum Standby 
Commercial 
120 
120 
120 


Current (mA) 
Military 
130 
130 
130 


Maximum Standby 
Commercial 
20 
20 
20 


Current (mA) 
Military 
20 
20 
20 


Maximum 
Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage................... 
> 200IV 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current..... 
>200 mA 


Supply Voltage to Ground Potential 
Operating 
Range 


(Pin 24 to Pin 12) 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. . . . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Militaryll] 
- 55°C to + 125°C 
5V ± 10% 


CY6116 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min.,IoH = - 4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
V 


V1H 
Input HIGH Voltage 
2.0 
Vee 
V 


V'L 
Input LOW Voltage 
-3.0 
0.8 
V 


I,x 
Input Load Current 
GND.5.. V,.5.. Vee 
-10 
+10 
>LA 


Ioz 
Output Leakage 
GND.5.. V,.5.. Vee, 
+10 
~ 
Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., VOUT= GND 
-300 
mA 


Circuit Currentl31 


Ice 
Vee Operating Supply 
Vee = Max. 
Com'l 
120 
mA 


Current 
lOUT= 0 mA 
Mil 
130 


ISB 
Automatic CE 
Max. Vee, 
Com'l 
20 
mA 


Power-Down Current 
CE2, 
V", 
Mil 
20 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Noles: 
1. 
TA is the "instant 
on" case temperature. 
2. 
See the last page of this specification 
for Group A subgroup 
testing 
information. 


3. 
Not more than 1 output 
should be shorted at one time. Duration 
of 


the short circuit should not exceed 30 seconds. 


4. 
Tested initially and after any design or process changes that may affect 
these parameters. 
AC Test Loads and Waveforms 
A'48'!l. 


SV 


OUTPUT 


SV 


OUTPUT 


~ 


'0% 


•.•• 
..s. 5 ns 
SPFI 


INCLUDING 


JIG AND 
_ 
SCOPE 
- 
(b) 


30PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(a) 


THEVENIN 
EQUIVALENT 
'67!l. 


• 


CY6116-35 
CY6116-45 
CY6116·55 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
35 
45 
55 
ns 


tAA 
Address 
to Data 
Valid 
35 
45 
55 
ns 


tOIlA 
Data 
Hold 
from 
Address 
Change 
5 
5 
5 
ns 


tACE 
CE 
LOW 
to Data 
Valid 
35 
45 
55 
ns 


tOOE 
OE 
LOW 
to Data 
Valid 
15 
20 
25 
ns 


!LZOE 
OE 
LOW 
to Low 
Z 
0 
0 
0 
ns 


tHIDE 
OE 
HIGH 
to High 
Z16] 
15 
15 
20 
ns 


tLZCE 
CE 
LOW 
to Low 
Z(7] 
5 
5 
5 
ns 


tllZCE 
CE HIGH 
to High 
Z16.71 
15 
20 
20 
ns 


tpu 
CE 
LOW 
to Power-Up 
0 
0 
0 
ns 


tpo 
CE HIGH 
to Power-Down 
20 
25 
25 
ns 


WRITE 
CYCLEIBI 


twc 
Write 
Cycle 
Time 
35 
45 
55 
ns 


tSCE 
CE LOW 
to Write 
End 
30 
40 
40 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
30 
40 
40 
ns 


tllA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
20 
20 
25 
ns 


tso 
Data 
Set-Up 
to Write 
End 
15 
20 
25 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tHzwE 
WE 
LOW 
to High 
ZI6l 
15 
15 
20 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z 
0 
0 
0 
ns 


Notes: 
5. 
Test conditions assume signal transition time of 5 os or less, timing ref- 
erence levels of I.SY, input pulse levels of 0 to 3.0Y, and output load- 
ing of the specified Iod1oH 
and 30-pF load capacitance. 
6. 
tllZOE, tllZCE, and tHzwE are specified with CL = S pF as in part (b) 
of ACTest Loads. Transition is measured ± SOOmV from steady state 
voltage. 


7. 
At any given temperature 
and voltage condition, 
fuzeE 
is less than 


tLZCE for any given device. 
8. 
The internal write time of the memory is defined by the overlap ofCE 
WW and WE Ww. Both signals must be WW to initiate a write and 


either signal can terminate 
a write by going HIGH. The data input set- 


up and hold timing should be referenced 
to the rising edge of the signal 


that terminates 
the write. 


9. 
WE is HIGH 
for read cycle. 


10. Device is continuously 
selected. 
OE, CE = V1L. 
11. Address valid prior to or coincident 
with CE transition 
Ww. 


12. Data 110 pins enter high-impedance 
state, as shown. when OE is held 


WW during write. 


13. IfCEgoes 
HIGH simultaneouslywilh 
WEIIIGII, 
the output remains 


in a high-impedance 
state. 


tL.~ ~ 


DATA OUT ----P-R-E-V-IO-U-S-D-A-T-A-V-A-L-ID-J 
•.X-...X-...*================D=A=TA==V=A=L1=D============~*- 


Vcc 
SUPPLY 
CURRENT 


IuCE 


Ipu --I., 


-------.....x 
50% 
~~ 
ICC 


50% 


IS8 


IuwE --j . 


HIGH IMPEDANCE --1<=========== 


Switching 
Waveforms 
(continued) 


Write 
Cycle 
No.2 
(CE Controlled)I"l2,13) 


4<ZWE -.j 


--------D-A-T-A-U-N-D-E-F-IN-E-D--------->~ 
__ H_IG_H_IM_P_E_D_A_N_C_E 
_ 


NORMALIZED 
SUPPLY CURRENT 
vs, SUPPLY VOLTAGE 


1.4 


Jj12 


Jl1.0 
o 
g:j 0.8 
:::; 
~ 06 
a: 
~ 
0.4 


02 


0.0 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE M 


NORMALIZED 
ACCESS TIME 


VB. SUI'PLY VOLTAGE 
1.4 


J. 1.3 
J. 1.4 


0 
12 
0 
w 
W 


N 
N 
1.2 
:::; 
:::; 


<! 
1.1 
<! 


::;: 
::;: 


a: 
a: 
1.0 
0 1.0 
0 
z 
z 


0.9 


0.8 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE M 


NORMALIZED 
SUPPLY CURRENT 


vs, AMBIENT 
TEMPERATURE 
1.2 


0 
.9 


0.8 
0 
w 
N 
:::; 0.6 
<! 
::;:a: 0.4 
0 
Vcc = 5.0V 
Z 
V'N= 5.0V 
0.2 


)SB 


0.0 
-55 
25 
125 


AMBIENT TEMPERATURE (0C) 


NORMALIZED 
ACCESS TIME 
vs, AMBIENT 
TEMPERATURE 
1.6 


0.6 


-55 
25 
125 


AMBIENT TEMPERATURE (0C) 


OUTPUT 
SOURCE 
CURRENT 
_ 
vs. OUTPUT 
VOLTAGE 
1120 


I-z 100 
wa:a::J 
(,) 


w 
(,) 
a::Jg 
40 


~ 
a.. 
20 
~o 
0 
0.0 
1.0 
2.0 
3.0 


OUTPUT VOLTAGE (V) 


OUTPUT 
SINK CURRENT 
vs. OUTPUT 
VOLTAGE 
« 140 
E.12O 
I-z 
~ 
100 
a:a 
80 


><::z 
60 
iii 
~ 
a.. 


~ 
20 
o 


1.0 
2.0 
3.0 


OUTPUT VOLTAGE M 


TYI'ICAL POWER-ON 
CURRENT 


>'S. SUPPLY VOLTAGE 


3.0 


o 2.5 
~ 
0 
20 
w 
N:J« 
1.5 
::;: 
II:0 
1.0 
z 


0.5 
./ 
- 
~ 


0.0 


0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY VOLTAGE M 


TYPICAL ACCESS TIME CHANGE 


>'S. OUTI'UT 
LOADING 
30.0 


'"c 
- 
20.0 
J« 15.0 
~ 
wo 
10.0 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


35 
CY6116-35PC 
P11 
Commercial 


CY6116-350C 
012 


CY6116-35LC 
L64 


CY6116-350MB 
012 
Military 


CY6116-35LMB 
L64 


45 
CY6116-45PC 
P11 
Commercial 


CY6116-450C 
012 


CY6116-45LC 
L64 


CY 6116-450 MB 
012 
Military 


CY6116-45LMB 
L64 


55 
CY6116-55PC 
Pll 
Commercial 


CY6116-550C 
012 


CY6116-55LC 
L64 


CY6116-550MB 
012 
Military 


CY6116-55LMB 
L64 


NORMALIZED 
Ice 
>'S. CYCLE TIME 


1.4 
Vcc = 5.0V 


0 
1.3 
TA = 25°C 


..9 
V'N = 0.5V 
0 
1.2 
III 


w 
N:J« 
1.1 
:::;: 
II:0 
1.0 
z 


0.9 


0.8 
0 
10 
20 
30 
40 


CYCLE FREQUENCY (MHz) 


MILITARY SPECIFICATIONS 
Group 
A Subgroup 
Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


V1H 
1,2,3 


V1LMax. 
1,2,3 


Ilx 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


Iso 
I, 2, 3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


tOHA 
7, 8, 9, 10, 11 


lACE 
7, 8, 9, 10, 11 


tDOE 
7, 8, 9, 10, 11 


WRITE 
CYCLE 


twc 
7, 8, 9, 10, 11 


tSCE 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


tSD 
7, 8, 9, 10, 11 


tHD 
7, 8, 9, 10, 11 


=~:._~ 
:dt: 


'ijj 'CYPRESS 
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F 
SEMICONDUCTOR 


Features 
• Automatic power-down when 


deselected 


• CMOS for optimum speed/power 


• High speed 
- 
20 ns 


• 
Low active power 
- 
550 mW 


• Low standby power 


- 
1I0mW 


• TTL-compatible 
inputs and outputs 


• Capable of withstanding 
greater 


than 2001V electrostatic 
discharge 


CY6116A 
CY6117A 


Functional 
Description 


The CY6116A and CY 6117A arc high-per- 
formance CMOS static RAMs organized as 
2048 words by 8 bits. Easy memory expan- 
sion i~ovided 
by an active LOW chip en- 


able (CE) and active LOW output enable 
(OE), 
and 
three-state 
drivers. 
The 


CY6116A and CY6117A have an automat- 
ic power-down feature, reducing the power 
consumption 
by 83% when deselected. 


Writing to the device is accomplished when 
t~chip 
enable 
(CE) and write enable 
(WE) inputs are both LOW Data on the 
I/O pins (I/Oa through I/O,) is written into 
the memory location specified on the ad- 
dress pins (Ao thorugh AIO). 


A, 
Ao 


A,•.. 
'" 
A, 
A, 


IlOo 


A, 


IlOo 


110, 


AlO 


I/O, 
I/Ol 


A9 


GND 


VO, 


A8 
A7 
110, 


As 


A5 


VO. 


A4 
VO, 


CE 
110, 
WE 


DE 
VO, 


A3 
A2 
At 
Ao 


6116A-l 


Reading the device isaccomplished by ta~ 
chip enable (CE) and outpu!...£!1.able(OE) 
LOW 
while write enable 
(WE) 
remains 


HIGH. Under these conditions, the contents 
of the memeory location specified on the ad- 
dress pins will appear on the I/O pins. 


The 
I/O 
pins remain 
in high-impedance 


state when el1l2...enable (CE) is HIGH 
or 
write enable (WE) is LOW 


The CY6116A and CY6117A utilize a die 
coat to insure alpha immunity. 


: 
~ 


1 
24 


2 
23 


3 
22 


4 
21 


5 
20 


8 
'9 
7 6116A 
18 


8 
17 
9 
'6 


10 
'5 
11 
14 


12 
'3 


LCC 
Top View 
~:P:fi£~~~ 
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5 
. - 
25 


_6 
24 


7 
23 


8 
6116A 
22 


9 
21 


to 
20 


11 
19 


12131415161718 


LCC 
Top View 


.t~~~~~~ 


432,',323130 


Ao 
5 
•• 
29 
Ao 


Ao 
6 
28 
••• 


••• 
7 
27 
NC 


"'8 
26 
WE 


Az 
9 
6117A 
25 
DE 


A, 
10 
24 
AtO 


A, 
11 
23 
CE 


NC 
12 
22 
1/07 


1/°0 
13 
21 
1/06 


~ gg§~ggg 
6116A-4 


6116A-20 
6116A-25 
6116A-35 
6116A-45 
6116A-55 


6117A-20 
6117A-25 
6117A-35 
6117A-45 
6117A-55 


Maximum Access Time (ns) 
20 
25 
35 
45 
55 


Maximum Operating 
Commercial 
100 
100 
100 
100 
80 


Current (mA) 
Military 
125 
100 
100 
100 


Maximum Standby 
Commercial 
40/20 
20 
20 
20 
20 


Current (mA) 
Military 
40 
20 
20 
20 


CY6116A 
CY6117A 


Maximum 
Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 
. 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 
Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage to Ground Potential 
Operating 
Range 


(Pin 24 to Pin 12) 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. . . . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Temperature 
Vec 


Commercial 
O°C to + 70°C 
5V ± 10% 


MilitaryllJ 
- 55°C to + 125°C 
5V ± 10% 


6116A-20 
6116A-25, 35, 45 
6116A-S5 


6117A-20 
6117A-2S, 35, 45 
6117A-55 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vec = Min., IOH= - 4.0 mA 
2.4 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min., IOL = 8.0 mA 
0.4 
0.4 
0.4 
V 


V,H 
Input HIGH Voltage 
2.2 
Vec 
2.2 
Vcc 
2.2 
Vee 
V 


V'L 
Input LOW Voltagel3] 
-0.5 
0.8 
-0.5 
0.8 
-0.5 
0.8 
V 


I,x 
Input Load Current 
GND~ 
V,~ 
Vcc 
-10 
+10 
-10 
+ 10 
-10 
+10 
llA 


Ioz 
Output Leakage 
GND~ 
V,~ 
Vce, 
, 
-10 
+10 
-10 
+ 10 
-10 
+10 
llA 
Current 
Output Disabled 


Ios 
Output Short 
Vcc = Max., VOUT= GND 
-300 
-300 
-300 
mA 


Circuit Current!4] 


Ice 
Vce Operating 
Vee = Max. 
Com'l 
100 
100 
80 
mA 


Supply Current 
lOUT= 0 mA 
Mil 125 
125 
100 
f = fMAX = lItRe 


135,45 
100 


Iso, 
Automatic CE 
Max. Vee, 
Com'l 
40 
20 
20 
mA 
Power-Down Current 
CE2. 
VIII 
Mil 125 
40 
20 
- TTLlnputs 
f = fMAX 
I 35,45.55 
20 


IS82 
Automatic CE 
Max. Vee• 
Com'l 
20 
20 
20 
mA 


Power-Down Current 
CE 2. VIH- 0.3V. 


- CMOS Inputs 
V'N 2. Vee - 0.3V 
Mil 
20 
20 
or V'N ~ 
0.3V, 
f = 0 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


NOles: 
1. 
TA is the "instant 
on" case temperature. 


2. 
See the last page of this specificationfor Group A subgroup testing 
information. 
3. 
V'L(min.)= -3.0V for pulse durations lessthan 30 ns. 


4. 
Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


5. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 


CY6116A 
CY6117A 


AC Test Loads and Waveforms 
A1481!1. 


5V 


OUTPUT 


5v 


OUTPUT 


30PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(a) 


THEVENIN 
EQUIVALENT 


167!1. 


5PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(b) 


3.0V~ 
90% 


10% 
GNO 


5 ns 
fe:- 


•..• 
5 ns 


6116A-20 
6116A-2S 
6116A-3S 
6116A-4S 
6116A-SS 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
20 
25 
35 
45 
55 
ns 


t,\A 
Address 
to Data 
Valid 
20 
25 
35 
45 
55 
ns 


lOllA 
Data 
Hold 
from 
Address 
Change 
5 
5 
5 
5 
5 
ns 


lACE 
CE 
LOW 
to Data 
Valid 
20 
25 
35 
45 
55 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
10 
12 
15 
20 
25 
ns 


tLZOE 
OE 
LOW 
to Low 
Z 
3 
3 
3 
3 
3 
ns 


tHWE 
OE 
HIGH 
to High 
Z(7) 
8 
10 
12 
15 
20 
ns 


tLZCE 
CE 
LOW 
to Low 
ZI81 
5 
5 
5 
5 
5 
os 


tllZCE 
CE 
HIGH 
to High 
Z11.11 
8 
10 
15 
15 
20 
ns 


tpu 
CE 
LOW 
to Power-Up 
0 
0 
0 
0 
0 
ns 


tpo 
CE HIGH 
to Power-Down 
20 
20 
20 
25 
25 
ns 


WRITE 
CYCLEI9J 


twc 
Write 
Cycle 
Time 
20 
20 
25 
40 
50 
ns 


tseE 
CE LOW 
to Write 
End 
15 
20 
25 
30 
40 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
15 
20 
25 
30 
40 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
0 
0 
ns 


lPWE 
WE 
Pulse 
Width 
15 
15 
20 
20 
25 
ns 


tso 
Data 
Set-Up 
to Write 
End 
10 
10 
15 
15 
25 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
0 
0 
ns 


lHZWE 
WE 
LOW 
to High 
Z 
7 
7 
10 
15 
20 
ns 


lLZWE 
WE 
HIGH 
to Low 
Z 
5 
5 
5 
5 
5 
ns 


Notes: 
6. 
Test conditions 
assume signal transition 
time of 5 os or less, timing ref- 


erence levels of 1.5Y, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified [oLlloH and 30-pF load capacitance. 


7. 
tllZOE, tIlZCE, and tHzwE are specified with CL = 5 pF as in part (b) 
of ACTest Loads. Transition 
is measured ± 500 mVfrom 
steady state 


voltage. 
8. 
At any given temperaturc 
and voltage condition, 
tHZCE is less than 


tlZCE for any given device. 


9. 
The internal write time of the memory is defined by the overlaporCE 
LOW and WE LOW Both signals must be LOW to initiate a write and 


either signal can terminate 
a write by going HIG[ I. The data input set- 


up and hold timing should be referenced 
to the rising edge orthe signal 


that terminates the write. 


10. WE is H[GH for read cycle. 
11. Device is continuously 
selected. 
OE, CE = V'L. 


12. Address valid prior to or coincident 
with CE transition 
LOW 


13. Data [/0 pins enter high-impedance 
state, as shown, when OE is hcld 
WW during write. 


14. IfCEgocs 
[-[[GH simultaneously 
with WE HIGH. the OUlput rcmains 


in a high-impedance state. 


CY6116A 
CY6117A 


t="~~~ 


DATA OUT ----P-R-EV-I-O-U-S-D-A-T-A-V-A-U-D-J 
.•.X X-*================D=A=T=A=V=A=U=D============~ 


Vcc 
SUPPLY 
CURRENT 


IUCE 


Ipu --1~ 
-------.Jf 
50% 
,O~ 
ICC 


50% 


IS8 


ltiZWE j 


DATA I/O --------D-A-T-A-U-N-D-E-F-IN-E-D-------- 
> 


CY6116A 
CY6117A 


Switching 
Waveforms 
(continued) 


Write Cycle No.2 (CE Controlled) 
(9, 13, 141 


Iso 


DATA-INVALID 


~ZWE 
---l 


--------D-A-TA-U-N-D-E-F-~N-E-D---------~ 
••--H-IG-H-I_M_P_E_D_A_N_C_E 
_ 


NORMALIZED 
SUPPLY CURRENT 
NORMALIZED 
SUPPLY CURRENT 


vs. SUi'PLY VOLTAGE 
vs. AMBIENT TEMPERATURE 
lA 
12 


~12 
~1~ 


<J 
21.0 
o 
~ 
0.8 
:::i 
~ 
0.6 
a: 


~ 
OA 


0.2 


U 
2 0.8 
0 
w 
N 
:::i 
0.6 
« 
::;:a: OA 
0 
Vcc = 5.0V 
Z 
V'N = 5.0V 


0.2 
IS8 


0.0 
~O 
4.5 
~O 
~5 


SUPPLYVOLTAGEM 


0.0 


-55 
25 
125 


AMBIENTTEMPERATURE(0C) 


NORMALIZED 
ACCESS TIME 


vs, SUPPLY VOLTAGE 


lA 
J 1.3 
J lA 


0 
1.2 
0 


w 
W 


N 
N 
12 


:::i 
:::i 
« 
1.1 
« 


::;: 
::;: 
a: 
a: 
1.0 
0 
1.0 
0 
z 
z 


0.9 


0.8 


4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLYVOLTAGEM 


0.6 
-55 
25 
125 


AMBIENTTEMPERATURE(0C) 


OUTPUT 
SOURCE 
CURRENT 


_ 
vs. OUTPUT 
VOLTAGE 
1 
120 


I-z 100 
wa:a: 
::JU 
wU 
a: 
::J0 
40 
(J) 
I- 
::J 
20 
c.. 
I- 
::J 
0 
0 
0.0 
1.0 
2.0 
3.0 
40 


OUTPUTVOLTAGE(V) 


OUTPUT 
SINK CURRENT 


vs. OUTPUT 
VOLTAGE 
« 140 
§. 120 
I-z 
~ 
100 
a:a 
80 


'"z 
60 


Ci5 
~ 
c.. 
I- 
::Jo 


1.0 
2.0 
3.0 


OUTPUTVOLTAGE(V) 


III 


CY6116A 
CY6117A 


TYPICAL POWER-ON 
CURRENT 
vs. SUPPLY VOLTAGE 
3.0 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT 
LOADING 
30.0 
Vcc = 5.0V 
TA = 25°C 
V1N = 0.5V 


NORMALIZED 
lee vs. CYCLE TIME 


1.4 


j' 
2.5 


@ 
2.0 
N::J 
~ 
1.5 
a: 
~ 
1.0 
./ 
-- 
~ 


(i) 
Eo 20.0 
~ 
;; 
150 
':; 
wo 
10.0 


0.0 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY VOLTAGE M 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
Type 
Range 


20 
CY6116A-20PC 
Pll 
Commercial 


CY6116A-20DC 
012 


25 
CY6116A-25PC 
Pll 
Commercial 


CY6116A-25DC 
D12 


CY6116A-25LC 
1.64 


CY6116A-25DMB 
012 
Military 


CY 6116A-25LMB 
L64 


35 
CY6116A-35PC 
Pll 
Commercial 


CY6116A-35DC 
D12 


CY6116A-35LC 
1.64 


CY6116A-35DMB 
D12 
Military 


CY6116A-35LMB 
1.64 


45 
CY6116A-45PC 
Pll 
Commercial 


CY6116A-45DC 
D12 


CY6116A-45LC 
1.64 


CY6116A-45DMB 
D12 
Military 


CY6116A-45LMB 
L64 


55 
CY6116A-55PC 
Pll 
Commercial 


CY6116A-55DC 
D12 


CY6116A-55LC 
1.64 


CY6116A-55DMB 
D12 
Military 


CY6116A-55LMB 
1.64 


Jl 
1.3 


@ 
1.2 


N 
::J 
~ 
1.1 
a: 
~ 
1.0 


0.9 


0.8 o 
10 
20 
30 
40 


CYCLE FREQUENCY (MHz) 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
Type 
Range 


25 
CY6117A-25LMB 
L55 
Military 


35 
CY6117A-35LMB 
L55 
Military 


45 
CY6117A-45LMB 
L55 
Military 


55 
CY6117A-55LMB 
L55 
Military 


CY6116A 
CY6117A 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V'L Max. 
1,2,3 


I,x 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


ISB 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


tOHA 
7, 8, 9, 10, 11 


lACE 
7, 8, 9, 10, 11 


tODE 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tSCE 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


tso 
7, 8, 9, 10, 11 


tliD 
7, 8, 9, 10, 11 


• 


~::-.~ 


===~'I' 
'CYPRESS 
F 
SEMICONDUCTOR 
----- 
CY7CIOl 
CY7CI02 


262,144 x 4 Static R/W RAM 


with Separate I/O 


Features 


• High speed 


- 
tM = 25 ns 


• Transparent 
write (7CI0l) 
• CMOS for optimum speed/power 
• Low active power 
- 
715mW 


• Low standby power 


- 
165 mW 


• Automatic power-down when 


deselected 


• TTL-compatible 
inputs and outputs 


Functional 
Description 


The CY7ClOi and CY7C102 are high-per- 
formance CMOS static RAMs organized as 
262,144 x 4 bits with separate 
110. Easy 


memory expansion 
i~rovided 
by active 
LOW 
chip enable 
(CE) and three-state 
drivers. They have an automatic 
power- 


down feature, 
reducing 
the power con- 


sumption by more than 70% when dese- 
lected. 


Writing to the device iS3-ccomplished by 
takin&..QQ.thchip enable (CE) and write en- 
able (WE) inputs LOW. Data on the four 
input pins (10 through 13) is written into the 
memory location specified on the address 
pins (Ao through Al7). 


I, 


~ 
00 


A2 
A3 
0, 
A4 
A5 
Af; 
0, 


A7 
A8 
0, 


Reading the device is accomplished by taking 
c~enable 
(CE) LOW while write enable 


(WE) remains HIGH. 
Under these condi- 


tions, the contents of the memory location 
specified on the address pins will appear on 
the four data output pins (00 through 03), 


The data output pins on the CY7ClOi and 
the CY7C102 are placed 
in a high-impe- 


dance state when the device is deselected 
(CE HIGH). 
The CY7C102's outputs 
are 
also placed in a high-impedance 
state during 
a write operation (CE and WE LOW). In a 
write operation on the CY7ClOl, the output 
pins will track the inputs after a specified 
delay. 
The CY7ClOi 
and 7C102 are available in 


32-pin lead less chip carriers 
and standard 


4OO-mil-widecerDIPs and SOls. 


Pin Configurations 


DII'/SOJ 
Top View 


NC 
1 
32 
Vce 


A" 
2 
31 
A" 


A" 
3 
30 
A, 


t>" 
4 
29 
'" 
A, 
5 
28 
A, 


A, 
6 
27 
"" 
A" 
7 
26 
A, 


An 
8 
7Cl01 
25 
•.. 
7Cl02 


A" 
9 
24 
NC 


A" 
10 
23 
•• 


A•• 
11 
22 
I, 


t>" 
12 
21 
00 


I, 
13 
20 
0, 


I, 
14 
19 
0, 


CE 
15 
18 
0, 


GND 
16 
17 
WE 


Lee 
C101-2 


Top View 


I"-fD 
Uti') 
~~et~:f'et~ 


4321,323130 


A, 
5 
.. 
29 


Az 
6 
28 


A,o 
7 
27 


A\\ 
8 
26 


All 
9 
7C1Ql 
25 


A\3 
10 
7C102 
24 


A14 
11 
23 


A, 
12 
22 


13 
13 
21 


14151617181920 
~1~~I~c5'c5'o 
co 


7ClOl-25 
7CIOI-35 
7ClOl·45 


7C102-25 
7CI02-35 
7CI02-45 
Maximum Access Time (ns) 
25 
35 
45 


Maximum Operating Current (mA) 
Commercial 
130 
130 
130 


Military 
14D 
14D 


Maximum Standby Current (mA) 
Commercial 
30 
30 
30 


Military 
35 
35 


CY7CIOI 
CY7CI02 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 
,... 
>2001V 
Ambient Temperature 
with 
(per MIWTD-883, 
Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up CUrrent........................ 
>200 mA 


Supply Voltage on Vee Relative to GND[II. 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage App,lied to Outputs 
in High Z State 
1) 
. . . . . . . . • • . . . . . • • • • • • •• 
- 0.5V to + 7.0V 


DC Input Voltage!!) 
- 0.5V to + 7.0V 


Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Temperature!2] 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
- 55°C to + 125°C 
5V ± 10% 


7CIOl-25 
7CIOl-35,45 
7ClOl-25 
7CIOI-35,45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., 10H = - 4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., 10L = 8.0 mA 
0.4 
0.4 
V 


V1H 
Input HIGH Voltage 
2.2 
Vee + 0.3 
2.2 
Vee + 0.3 
V 


V1L 
Input LOW Voltage!11 
-0.3 
0.8 
-0.3 
0.8 
V 


I,x 
Input Load Current 
GND < VI < Vee 
-10 
+10 
-10 
+10 
;tA 


loz 
Output Leakage 
GND~ 
VI~ 
Vee, 
-10 
+10 
-10 
+10 
lJ-A 


Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., VOUT= GND 
-300 
-300 
mA 
Circuit Current!4] 


Ice 
Vee Operating Supply 
Vee = Max..lOUT= 0 mA, 
Com'l 
130 
130 
mA 
Current 
f = fMAX = litRe 
Mil 
140 


ISD! 
Automatic CE Power- 
Max. Vee, CE ~ 
VIH. 
Com') 
30 
30 
mA 


Down Current 
V1N~ 
VIHor V1N~ 
V1L, 
- 
TTLlnputs 
f = fMAX 
Mil 
35 


IS82 
Automatic CE Power- 
Max. Vee, CE ~ Vee - 0.3y, 
Com') 
25 
25 
mA 


Down Current 
V1N~ 
Vee - 0.3V 
- 
CMOS Inputs 
or V1N< 0.3y, f=O 
Mil 
30 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C,f 
= 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
12 
pF 


Notes: 
1. 
Y1L(m;n.) 
= -2.0Y for pulse durations of lessthan 20 ns. 


2. 
TA is the "instant 
on" case temperature. 


3. 
See the last page of this specificationfor Group A subgroup tcsling 
information. 


4. 
Not more than 1 output shouldbe shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


5. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 


CY7CIOl 
CY7CI02 


AC Test Loads and Waveforms 
R1480.l1. 


5V 


OUTPUT 


30PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(a) 


THEvENIN EQUIVALENT 
167fi 


5 
PFI 
INCLUDING 
JIG AND 
_ 
SCOPE 
- 
(b) 


7CIOl-25 
7ClOl-35 
7CIOl-45 
7CI02-25 
7CI02-35 
7CI02-45 


Parameters 
Description 
Min. 
I Max. 
Min. 
Max. 
Min. 
I Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle Time 
25 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
25 
35 
45 
ns 


IoHA 
Data 
Hold 
from 
Address 
Change 
5 
5 
5 
ns 


tACE 
CE 
LOW 
to Data 
Valid 
25 
35 
45 
ns 


tLZCE 
CE 
LOW 
to Low 
ZI7J 
5 
5 
5 
ns 


tHZCE 
CE 
HIGH 
to High 
Zl7,8 J 
10 
15 
20 
ns 


tpu 
CE LOW 
to Power-Up 
0 
0 
0 
ns 


tPD 
CE HIGH 
to Power-Down 
25 
35 
45 
ns 


WRITE 
CYCLEI91 


twc 
Write 
Cycle 
Time 
25 
35 
45 
ns 


tSCE 
CE LOW 
to Write 
End 
20 
25 
30 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
20 
25 
30 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
20 
25 
30 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
15 
20 
25 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z171 
- 
5 
5 
5 
ns 


tHzwE 
WE 
LOW 
to High 
Z17,81 
15 
20 
25 
ns 


tDwE 
WE 
LOW 
to Data 
Valid (7ClOI) 
20 
25 
30 
ns 


tOCE 
CE 
LOW 
to Data 
Valid (7C101) 
25 
35 
45 
ns 


tADY 
Data 
Valid 
to Output 
Valid (7C101) 
20 
25 
30 
ns 


NOles: 
6. 
Test conditions assume signal transition time of 5 fiS or less, timing ref- 
erence levels of I.Sv, input pulse levels of 0 to 3,OV,ond output load- 
ing of the specified 10LlloH and 30-pF load capocitance, 


7. 
At any given temperature 
and voltage condition, 
tHZCE 
is less than 


lLZCE 
and 
lHZWE 
is less than 
lLZWE 
for any given device. 


8. 
tHZCE. and ll-1ZWE are specified with a load capacitance 
of 5 pF as in 


port (b) of AC Test Loads, Transition 
is measured 
± 500 mV from 


steady state voltage, 


9, 
The internal write time of the memory is defined by the overlap ofCE 
and WE Ww. 
CE and WE must be WW 
to initiole a write, and the 


transition 
of any of these signals can terminate 
the write. The input 


data set-up and hold timing should be referenced 
to the leading edge 


of the signal that terminates 
the write. 


CY7CIOI 
CY7CI02 


E-~~ 


PREVIOUS DATA VA~: ==ixx *===============D=A=T=A=V=A=U=D=========== 


Switching Waveforms 


Read 
Cycle 
No. 
1110,11) 


*- 
fJI 


UCE 


tpUJ 


Vcc 
SUPPLY 
50% 
CURREINT -------- 


tpD~ 
Ice 
50% 


IS8 


Notes: 
10. Device is continuously 
selected. 
CE = V1L, 
II. 
WE is HIGH 
for read cycle, 


12. Address valid prior to or coincident 
with CE transition WW 


13. If CE goes HIGH 
simultaneously 
with WE going HIGH, 
the output 


remains in a high-impedance 
state (7CI02 
only). 


Switching Waveforms 
(continued) 


Write Cycle No.2 (WE Controlled)19) 


CE 
WE 
O. - 0, 
Mode 
Power 


H 
X 
HighZ 
Power-Down 
Standby (ISB) 


L 
H 
Data Out 
Read 
Active (led 
L 
L 
High Z 
7C102: Standard Write 
Active (led 


L 
L 
Input Tracking 
7ClOl: Transparent 
Write[14) 
Active (led 


CY7CIOI 
CY7CI02 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


25 
CY7CIOI-25VC 
V33 
Commercial 


CY7C101-250C 
044 


CY7C101-25LC 
L55 


35 
CY7CI01-35VC 
V33 
Commercial 


CY7CIOI-350C 
044 


CY7C101-35LC 
L55 


CY7C101-350MB 
044 
Military 


CY7C10 1-35LMB 
L55 


45 
CY7C10 1-45VC 
V33 
Commercial 


CY7C10 1-450C 
044 


CY7C101-45LC 
L55 


CY7C101-450MB 
044 
Military 


CY7CIOI-45LMB 
L55 


MILITARY 
SPECIFICATIONS 
Group 
A Subgroup 
Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1LMax. 
1,2,3 


Ilx 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


ISB1 
1,2,3 


ISB2 
1,2,3 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


25 
CY7CI02-25VC 
V33 
Commercial 


CY7CI02-250C 
044 


CY7C102-25LC 
L55 


35 
CY7CI02-35VC 
V33 
Commercial 


CY7CI02-350C 
044 


CY7CI02-35LC 
L55 


CY7CI02-350MB 
044 
Military 


CY7C102-35LMB 
L55 


45 
CY7C102-45VC 
V33 


CY7CI02-450C 
044 


CY7C102-45LC 
L55 


CY7C102-450MB 
044 
Military 


CY7CI02-45LMB 
L55 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


loHA 
7, 8, 9, 10, 11 


lACE 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tSCE 
7, 8, 9, 10, 11 


tAw 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tpWE 
7, 8, 9, 10, 11 


tso 
7, 8, 9, 10, 11 


tHO 
7, 8, 9, 10, 11 


tOWE1lS) 
7, 8, 9, 10, 11 


tAoy(15] 
7, 8, 9, 10, 11 


Note: 
15. 7CI0l only. 


• 
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§§F': 3 CYPRESS 
-==F 
SEMICONDUCTOR 
262,144 x 4 Static R/W RAM 


Features 


• High speed 
- 
tM = 25 ns 


• CMOS for optimum speed/power 
• Low active power 
- 
715 mW 


• Low standby power 
- 
165 mW 


• Automatic power-down when 
deselected 
• TTL-compatible 
inputs and outputs 


Functional 
Description 
The 
CY7C106 
is 
a 
high-performance 
CMOS static RAM organized 
as 262,144 
words by 4 bits. Easy memory expansion is 
2rovided by an active LOW chip enable 
(CE), an active LOW output enable (OE), 
and three-state drivers. The device has an 
automatic 
power-down 
feature 
that 
re- 
duces power consumption 
by more than 
70% when deselected. 


Writing to the device is accomplished by 
taking chip enable (CE) and write enable 
(WE) inputs LOW Data on the four 1/0 
pins (1/00 through 1/03) is then written into 
the location specified on the address pins 
(Ao through An)· 


A, 
A2 
I/O, 
A3 
ffi 


A. 
00 
I/O, 
As 
0w 


At; 
0 


A7 
~ 
I/O, 


A8 


a: 


A9 
IlOo 


GE 


WE 
CE 


C106-1 


Reading from the device is accomplished by 
taking chip enable (CE) and output enable 
(OE) LOW while forcing write enable (WE) 
HIGH. Underthese 
conditions, the contents 


of the memory location specified by the ad- 
dress pins will appear on the four I/O pins. 


The four input/output 
pins (I/Oo through 1/ 


03) are placed in a high-imp<edance state 
when the device is deselected (CE HIGH), 
the outputs are disableQiQE HIGH), ordur- 
ing a write operation 
(CE and WE LOW). 


The CY7CI06 is available in 32-pin lead less 
chip carriers and standard 
28-pin, 400-mil- 


wide cerDIPs and SOls. 


Pin Configurations 


DII'/SOJ 
Top View 


A" 
28 
Vcc 


A, 
27 
A" 


A, 
26 
A" 


A" 
25 
A" 
A., 
2' 
Au 


A, 
6 
23 
A" 
•• 
7 7C106 22 
A" 
A, 
8 
21 
A" 
•• 
9 
20 
NC 


A" 
'0 
19 
1/03 


A" 
11 
18 
I/O, 


GE 
'2 
17 
I/O, 


CE 
13 
16 
110. 


GND 
" 


IS 
WE 


C100-3 


LCC 


Top View 


0 •...'" 
~<~~~« 


432~,323130 
A" 
•• 
5 
29 


A., 
6 
28 
Au 


A, 
7 
27 
A" 
•• 
8 
26 
A" 
A, 
9 
7Cl06 
25 
A" 
•• 
10 
2' 
NC 


A" 
11 
23 
NC 


A,. 
12 
22 
NC 


GE 
13 
21 
1/03 


14151617181920 


§!lgj§I~g'gg 
Cl06-2 


7CI06-25 
7CI06-35 
7CI06-45 


Maximum Access Time (ns) 
25 
35 
45 


Maximum Operating Current (mA) 
Commercial 
130 
130 
130 


Military 
140 
140 


Maximum Standby Current (mA) 
Commercial 
30 
30 
30 


Military 
35 
35 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65°Cto 
+ 150°C 
Static Discharge Voltage 
>2001V 


Ambient Temperature 
with 
(per MIWTD-883, 
Method 3015) 
Power Applied 
- 55°C to + 125°C 
LatCh-Up Current. 
. . . . . . . . . . . . . . . . . . . . . . . . . . .. 
> 200 mA 


Supply Voltage on Vcc Relative to GNDllJ. 
- 0.5V to + 7.0V 
Operating Range 


DC Voltage App.\ied to Outputs 
In High Z State 
. . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


DC Input Voltagell] 
- 0.5V to + 7.0V 


Current into Outputs (LOW) 
20 mA 


Ambient 
Range 
Temperaturel21 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
- 55°C to + 125°C 
5V ± 10% 


7CI06-25 
7CI06-35,45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min.,loH 
= - 4.0 mA 
2.4 
2.4 
V 


VOL 
Output WW 
Voltage 
Vcc = Min., 10L = 8.0 mA 
0.4 
0.4 
V 


V'H 
Input HIGH Voltage 
2.2 
Vcc + 0.3 
2.2 
Vcc + 0.3 
V 


V'L 
Input WW 
Voltagell) 
-0.3 
0.8 
-0.3 
0.8 
V 


Ilx 
Input Load Current 
GND~ 
VI~ 
Vce 
-10 
+ 10 
-10 
+10 
llA 


Ioz 
Output Leakage 
GND~ 
VI~ 
Vec, 
-10 
+10 
-10 
+10 
lJ.A 


Current 
Output Disabled 


Ios 
Output Short 
Vec = Max., VOUT= GND 
-300 
-300 
mA 


Circuit Currentl4) 


Ice 
Vee Operating 
Supply 
Vec = Max., lOUT= 0 mA, 
Com'l 
130 
130 
mA 
Current 
f = fMAX = 1/tRC 
Mil 
140 


IS81 
Automatic CE Power- 
Max. Vce, CE~ 
VIH, 
Com'l 
30 
30 
mA 


Down Current 
V'N ~ 
VIHor V1N~ 
VIL, 
- 
TTLlnputs 
f = fMAX 
Mil 
35 


IS82 
Automatic CE Power- 
Max. Vce, CE ~ Vce - 0.3y, 
Com'l 
25 
25 
mA 


Down Current 
V1N~ 
Vec - O.3V 
- 
CMOS Inputs 
or V1N< 0.3V, f=O 
Mil 
30 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C,f 
= I MHz, 
10 
pF 


COUT 
Output Capacitance 
Vec = 5.0V 
12 
pF 


Notes: 
1. 
VIL(min.) = -2.0V for pulse durations of)ess than 20 ns. 
2. 
TA is the "instant on" case temperature. 
3. 
See the last page of this specificationfor Group A subgroup testing 
information. 


4. 
Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


5. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 


AC Test Loads and Waveforms 
R14BOn. 


5V 


OUTPUT 


5V 


OUTPUT 


30 


PFI 


INCLUDING 
JIG AND 
_ 


SCOPE - 


(a) 


THEvENIN EQUIVALENT 
167n. 


5 
PFI 
INCLUDING 
JIG AND 
_ 
SCOPE - 
(b) 


3.0V~ 
90% 
10% 


GND 
~ 
5 ns •.•. 
~ 


10% 


•.•. 
..s. 5 ns 


7CI06-25 
I 
7CI06-35 
7C106-45 


Parameters 
Description 
Min. 
Max. 
-, 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRc 
Read 
Cycle 
Time 
t 
25 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
J 
25 
35 
45 
ns 


toHA 
Data 
Hold 
from 
Address 
Change 
5 
5 
5 
ns 


tAcE 
CE 
LOW 
to Data 
Valid 
25 
35 
45 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
10 
15 
20 
ns 


tLWE 
OE 
LOW 
to Low 
Z 
. 
0 
0 
0 
ns 


tHWE 
OE 
HIGH 
to High 
ZI7J 
10 
15 
20 
ns 


tLZCE 
CE 
LOW 
to Low 
Z18] 
5 
5 
5 
ns 


tHZCE 
CE 
HIGH 
to High 
Z[7,81 
I 
10 
15 
20 
ns 


tpu 
CE LOW 
to Power-Up 
0 
0 
0 
ns 


tpD 
CE 
HIGH 
to Power-Down 
25 
35 
45 
ns 


WRITE 
CYCLEI9,lOj 
. 


twc 
Write 
Cycle 
Time 
25 
35 
45 
ns 


tSCE 
CE 
LOW 
to Write 
End 
20 
25 
30 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
20 
25 
30 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
20 
25 
30 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
15 
20 
25 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tLZwE 
WE 
HIGH 
to Low 
ZI7J 
5 
5 
5 
ns 


tl-lZWE 
WE 
LOW 
to High 
ZI7,8] 
15 
20 
25 
ns 


Notes: 
6. 
Test conditions assume signal transition time of 5 os or less, timing ref- 
erence levels of 1.5Y, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified IOLlIoH and 30-pF load capacitance. 


7. 
tHWE, tHZCE, and tHzwE are specified with a load capacitance 
of 5 


pF as in part (b) of ACTest 
Loads. Transition 
is measured 
± 500 mV 


from steady state voltage. 


8. 
At any given temperature 
and voltage condition, 
tHZCE 
is less than 


tlZCE 
and tHzwE 
is less than tLZWE for 
any given device. 


9. 
The internal write time of the memory is defined by the overlap of CE 
and WE Law. 
CE and WE must be LOW to initiate a write, and the 


transition of either of these signals can terminate 
the write. The input 
data set-up and hold timing should be referenced 
to the leading edge 


of the signal that terminates 
the write. 
10. The minimum write cycle time for Write Cycle No.3 (WE controlled, 


OE LOW) is the sum of tllzwE and tSD. 


Switching Waveforms 


Read Cycle No. 1111,121 t; ~~ 


PREVIOUS 
DATA VA~: 
==-*XX*================D=A=T=A=V=A=U=D============ • 


Vcc 


SUPPLY 


CURRENT 


DATA 
I/O----------------k 
Dts_A~_A_V_A_L_ID 
•••••• 


Noles: 
11. Device is continuously 
selected, 
OE and CE = V1L, 
12. WE is HIGH 
for read eyele. 


13. Address valid prior 
10 or coincident 
with CE transition 
Ww. 


14. If CE goes HIGH 
simultaneously 
with WE going HIGH, 
the output 


remains in a high-impedance state. 


15. Data 110 is high impedance 
if OE = VIH. 


Switching Waveforms 


Write Cycle No.2 (WE Controlled, 
OE HIGH During Write)!'4,!S] 


CE 
OE 
WE 
I/O. - I/O, 
Mode 
Power 


H 
X 
X 
HighZ 
Power-Down 
Standby (ISB) 


L 
L 
H 
Data Out 
Read 
Active (Ice) 


L 
X 
L 
Data In 
Write 
Active (Ice) 


L 
H 
H 
High Z 
Selected, Outputs Disabled 
Active (Ice) 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
1)'pe 
Range 


25 
CY7CI06-25VC 
V33 
Commercial 


CY7CI06-25DC 
D44 


CY7CI06-25LC 
L55 


35 
CY7CI06-35VC 
V33 
Commercial 


CY7CI06-35DC 
D44 


CY7C 106-35DMB 
D44 
Military 


CY7CI06-35LMB 
L55 


45 
CY7CI06-45VC 
V33 
Commercial 


CY7CI06-45DC 
D44 


CY7CI06-45DMB 
D44 
Military 


CY7CI06-45LMB 
L55 


• 


MILl lAKY :SI'M.:tt ICAIIUN:S 
Group 
A Subgroup 
Testing 


DC Characteristics 


Parameters 
Subgroups 


Vall 
1,2,3 


VOL 
1,2,3 


VIII 
1,2,3 


V,L Max. 
1,2,3 


I,x 
1,2,3 
Ioz 
1,2,3 


Icc 
1,2,3 


ISB1 
1,2,3 


IsB, 
1,2,3 


Parameters 
Subgroups 


READ 
CYCLE 


IRC 
7, 8, 9, 10, 11 


lAA 
7, 8, 9, 10, 11 


tQl-IA 
7, 8, 9, 10, 11 


lACE 
7, 8, 9, 10, 11 


lOOE 
7, 8, 9, 10, 11 


WRITE 
CYCLE 


lwc 
7, 8, 9, 10, 11 


ISCE 
7, 8, 9, 10, 11 


lAW 
7, 8, 9, 10, 11 


IliA 
7, 8, 9, 10, 11 


lSA 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


Iso 
7, 8, 9, 10, 11 


tHO 
7, 8, 9, 10, 11 


1,048,576 x 1 Static R/W RAM 


Features 


• High speed 


- 
tA,\ = 25 ns 


• CMOS for optimum speed/power 
• Low active power 


- 
715mW 


• Low standby power 
- 
165mW 


• Automatic power-down when 
deselected 
• TTL-compatible 
inputs and outputs 


Functional Description 
The 
CY7CI07 
is 
a 
high-performance 
CMOS static RAM organized as 1,048,576 
words by 1 bit. Easy memory expansion is 
~rovided by an active LOW chip enable 
(CE) and three-state 
drivers. The device 
has an automatic power-down feature that 
reduces power consumption by more than 
70% when deselected. 
Writing to the device is accomplished 
by 
taking chip enable (CE) and write enable 
(WE) inputs LOW: Data on the input pin 
(DIN) is written into the memory location 
specified on the address pins (Ao through 
A 19). 


Reading from the device is accomplished by 
taking c~enable 
(CE) LOW while write 


enable (WE) 
remains HIGH. 
Under these 


conditions, the contents of the memory loca- 
tion specified by the address pins will appear 
on the data output (DoUT) pin . 


The output pin (DOUT)is placed in a high-im- 
~dance 
state when the device is deselected 


(CE HIGH) or during a write operation (CE 
and WE LOW). 
The CY7C107 is available in 32-pin leadless 
chip 
carriers 
and 
standard 
400-mil-wide 


cerDIPs and SOJs. 


DIP/SOJ 
Top View 


~ 
Vex; 


27 
"" 
26 
Ao 


25 
A7 


24 
Ao 


6 
23 
A~ 


7 7C'07 22 
'" 
8 
21 
NC 
9 
20 
A, 


10 
19 
A2 


11 
18 
A1 


12 
17 
Ao 


13 
16 
0" 
14 
15 
CE 


LCC 
Top View 
~~£'i~~~ 


432 
L,323130 
A" 
5 
29 


A" 
6 
28 


A" 
7 
27 


NC 
8 
26 


A" 
9 
7Cl07 
25 


A" 
10 
24 
A" l' 
23 


A" 
12 
22 


Dan 
13 
2' 


14151617181920 


7CI07-25 
7C107-35 
7CI07-45 


Maximum Access Time (ns) 
25 
35 
45 


Maximum Operating Current (mA) 
Commercial 
130 
130 
130 


Military 
140 
140 


Maximum Standby Current (mA) 
Commercial 
30 
30 
30 


Military 
35 
35 


• 


Maximum 
Ratings 
(Above which the usefullile 
may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 


Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 
Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage on Vcc Relative to GNDP]. 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage Ap~lied to Outputs 
in High Z State 
1] .•.••.•..•...•••...•.•• 
- 0.5V to + 7.QV 


DC Input VoltageP] 
- 0.5V to + 7.0V 


Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Temperaturel2] 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
- 55°C to + 125°C 
5V ± 10% 


7CI07-25 
7CI07-35,45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


Vo" 
Output HIGH Voltage 
Vee = Min., 1011 = - 4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee + 0.3 
2.2 
Vee + 0.3 
V 


V'L 
Input LOW VoltageP] 
-0.3 
0.8 
-0.3 
0.8 
V 


I,x 
Input Load Current 
GND < V, < Vee 
-1 
+1 
-1 
+1 
>LA 


Ioz 
Output Leakage 
GND~ 
V,~ 
Vee, 
-10 
+10 
-10 
+ 10 
>LA 


Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., VOUT= GND 
-300 
-300 
mA 


Circuit Current!'] 


Ice 
Vee Operating Supply 
Vee = Max..lOUT= 0 mA, 
Com'l 
130 
130 
mA 


Current 
1 = 
IMAX 
= lItRe 
Mil 
140 


ISB1 
Automatic CE Power- 
Max. Vee, CE 2. VIH, 
Com'l 
30 
30 
mA 


Down Current 
V'N 2. VIII or V'N ~ 
V'L, 
Mil 
- 
TTLInputs 
1 = 
IMAX 
35 


ISB2 
Automatic CE Power- 
Max. Vee, CE 2. Vee - 0.3V, 
Com'l 
25 
25 
mA 


Down Current 
V'N 2. Vee - 0.3V 
- 
CMOS Inputs 
or V'N ~ 
0.3V, 1=0 
Mil 
30 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C, 1 = 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
12 
pF 


Notes: 
1. 
Y'L (min.) 
= -2.0Y 
for pulse durations 
of less than 20 ns. 
2. 
TA is the "instant on" case temperature. 


3. 
See the last page of this specification 
for Group A subgroup 
testing 
information. 


4. 
Not more than 1 output 
should be shorted at one time. Duration 
of 


the short circuit should not exceed 30 seconds. 


5. 
Tested initially and after any design or process changes that may affect 
these parameters. 


5V 


OUTPUT 


5V 


OUTPUT 
::~% 
~ 


'0% 


••••••. 
oS. 5 ns 
5 
PFI 
INCLUDING 


JIGAND 
_ 


SCOPE 
- 
(b) 


30PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(a) 


THEvENIN EQUIVALENT 
167!l. 


7CI07-2S 
I 
7C107-3S 
7CI07-4S 


Parameters 
Description 
Min. 
Max. 
I Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
25 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
25 
35 
45 
ns 


tOHA 
Data 
Hold 
from 
Address 
Change 
5 
5 
5 
ns 


tACE 
CE 
LOW 
to Data 
Valid 
25 
35 
45 
ns 


tUCE 
CE 
LOW 
to Low 
Z(7J 
5 
5 
5 
ns 


tmocE 
CE 
HIGH 
to High 
Z(7· 81 
10 
15 
20 
ns 


tpu 
CE 
LOW 
to Power-Up 
0 
0 
0 
ns 


tpo 
CE 
HIGH 
to Power-Down 
25 
35 
45 
ns 


WRITE 
CYCLEI91 


twc 
Write 
Cycle 
Time 
25 
35 
45 
ns 


tSCE 
CE 
LOW 
to Write 
End 
20 
25 
30 
ns 


tAw 
Address 
Set-Up 
to Write 
End 
20 
25 
30 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tPWE 
WE 
Pulse 
Width 
20 
25 
30 
ns 


tso 
Data 
Set-Up 
to Write 
End 
15 
20 
25 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z(7] 
5 
5 
5 
ns 


tHZWE 
WE 
LOW 
to High 
Z17.8J 
15 
20 
25 
ns 


Noles: 
6. 
Test conditions 
assume signal transition 
time of 5 os or less, timing ref- 
erence levels of l.SY, input pulse levels of 0 to 3.0Y, and output load- 
ing of the specified JOLlloH and 30-pF load capacitance. 
7. 
At any given temperature 
and voltage condition, 
(HZCEis less than 


tLZCEand tHZWE is less than tLzwE for any given device. 
8. 
tHZCEand tHZWEare specified with a load capacitance 
of S pF as in 


part (b) of AC Test Loads. Transition 
is measured 
± SOOmV from 


steady state voltage. 


9. 
The internal write time of the memory is defined by the overlap ofCE 
LOW and WE LOW. CE and WE must be LOW to initiate a write, 
and the transition 
of any of these signals can terminate 
the write. The 


input data set-up and hold timing should be referenced 
to the leading 


edge of the signal that terminates 
the write. 


• 


Switching Waveforms 


Read Cycle No. IPo, 
11) 
t=-~ ~ 


PREVIOUS DATA VA~~A =ixX*================D=A=T=A=V=A=U=D============*- 


Vcc 
SUPPLY 
CURRENT 


Notes: 
10. Device is continuously 
selected. 
CE = V1L. 
11. WE is HIGH 
for read cycle. 


12. Address valid prior to or coincident 
with CE transition 
Ww. 


13. If CE goes HIGH simultaneously 
with WE going HIGH, 
the output 


remains 
in a high-impedance 
state. 


Switching Waveforms 


Write Cycle No.2 (WE Controlled)[13j 


tHZWE 
~ 


--------D-A-T-A-U-N-D-E-F-IN-E-D---------~ 


CE 
WE 
DOIIT 
Mode 
Power 


H 
X 
High Z 
Power-Down 
Standby (lS8) 
L 
H 
Data Out 
Read 
Active (lcc) 
L 
L 
HighZ 
Write 
Active (Ice) 


luwE--l 


HIGHIMPEDANCE<==========~ 
• 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


25 
CY7C107-25VC 
V33 
Commercial 


CY7C107-25DC 
D44 


CY7C107-25LC 
L55 


35 
CY7C107-35VC 
V33 
Commercial 


CY7C107-35DC 
D44 


CY7C107-35LC 
L55 


CY7C107-35DMB 
D44 
Military 


CY7C107-35LMB 
L55 


MILITARY 
SPECIFICATIONS 


Group 
A Subgroup 
Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1.2.3 


VOL 
1.2.3 


VIH 
1.2.3 


V'LMax. 
1.2.3 


I,x 
1.2.3 


Ioz 
1.2.3 


Icc 
1.2.3 


IsB! 
1.2.3 


IsB, 
1.2.3 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lype 
Range 


45 
CY7C107-45VC 
V33 
Commercial 


CY7C107-45DC 
D44 


CY7C107-45LC 
L55 


CY7C107-45DMB 
D44 
Military 


CY7C107-45LMB 
L55 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8. 9. 10, 11 


tAA 
7, 8. 9. 10, 11 


toHA 
7. 8, 9. 10. 11 


tACE 
7. 8. 9, 10. 11 


WRITE CYCLE 


twc 
7. 8. 9. 10. 11 


tSCE 
7. 8. 9. 10, 11 


tAW 
7. 8. 9. 10. 11 


tHA 
7. 8. 9. 10. 11 


tSA 
7. 8. 9. 10. 11 


tpwE 
7. 8. 9, 10. 11 


tso 
7. 8. 9. 10. 11 


tHO 
7. 8. 9. 10. 11 


~::~ 


'flE CYPRESS 
- 
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SEMICONDUCTOR 


Features 


• 
High speed 
- 
tM = 25 ns 


• CMOS for optimum speed/power 
• 
Low active power 
- 
880 mW 


• Low standby power 


- 
275 mW 


• Automatic power-down when 


deselected 
• TTL-compatible 
inputs and outputs 


• 
Easy mem-!lD'expansion with CE" 
CE" 
and OE options 


CY7CI08 
CY7CI09 


Functional Description 
The CY7CIOB and CY7CI09 are high-per- 
formance CMOS static RAMs organized as 
131,072 words by 8 bits. Easy memory ex- 
pansion ~rovided 
by an active LOW chip 


enable (CE1), an active HIGH chip enable 
(eE,), an active LOW output enable (DE), 
and three-state drivers. Both devices have 
an automatic power-down feature that re- 
duces power consumption 
by more than 


60% when deselected. 
Writing to the device iL!!..ccomplished by 
takin~ 
enable one (CE1) and write en- 


able (WE) inputs LOW and chip enable 
two (CE,) input HIGH. Data on the eight 
I/O pins (liDo through 1/07) is then written 
into the location specified on the address 
pins (Ao through A,6). 


Reading from the dcvice~accomplishcd 
by 


takin&.£b.ipenable one (CE1) and output en- 
able (DE) LOW while forcing write enable 
(WE) and chip enable two (CE,) HIGH 
Un- 


der these conditions, 
the contents 
of the 


memory location specified by the address 
pins will appear on the liD pins. 


The eight input/output 
pins (1/00 through II 


07) are placed in a high-im~ance 
state 


when the device is deselectcd (CE1 HIGH or 
CE, LOW), the outputs 
are disabled (Q!i 


HIGH), 
or during a write operation 
(CE1 


LOW, CE, HIGH, and WE LOW). 


The CY7CI08 is available in a 32-pin rectan- 
gular 
lead less chip 
carrier 
and 
standard 


600-mil-wide 
cerDiPs. 
Thc 
CY7CI09 
is 


available in standard 400-mil-wide cerDIPs, 
and SOJs. 


DIP 
SOJ 


Top View 
Top View 
~~ 
~ 
NC 
1 
'"' 
32 
Vce 
NC[ 
32 
Vce 


A" 
2 
31 
A" 
A,,[ 
31 
A" 


Au 
3 
30 
CE, 
Au 
30 
CE, 


A" 
4 
29 
WE 
A" 
29 
WE 


A, 
5 
28 
A" 
A, 
28 
A" 
•• 
6 
27 
•• 
•• 
27 
•• 
•• 
7 
26 
•• 
A, 
7 
26 
•• 
... 
8 re10S 25 


A" 
... 
8 7Ct09 25 
A" 


A, 
9 7C109 24 
OE 
A, 
9 
24 
OE 


1100 
A, 
10 
23 
A" 
A, 
10 
23 
A,o 


A, 
11 
22 
CE:, 
A, 
11 
22 
eEl 


•• 
12 
21 
VO, 
Ao 
12 
21 
VO, 


Ao 
vo, 
IlOo 
13 
20 
va. 
IlOo 
13 
20 
VO, 


A, 
VO, 
14 
19 
liD!> 
1/01 
14 
19 
liD!> 


A2 
VO, 
I/O, 
15 
16 
I/O. 
I/Oz 
15 
18 
1/04 


A3 


GND 
16 
17 
1/03 
GND 
16 
17 
1/03 


A4 
vo, 
CIOB-3 
LCC 
Cl08-4 


A5 
Top View 


As 
cr~1~~.f~ 
A7 


110. 


A8 
4 3 2~~323130 
VO, 
A, 
5 
29 
WE 


•• 
6 
28 
A" 


A, 
7 
27 •• 


110, 
... 
8 
26 
Ao 


eE, 


A, 
9 
7C108 
25 
A" 


CE, 


A, 
10 
24 
OE 


WE 
VO, 
A, 
11 
23 
A,o 


Ao 
12 
22 
eEl 


IlOo 
13 
21 
1/07 


OE 


14151617181920 


CIOB-! 
•....•NO 
(") V 
0.()to 
Cl08-2 
ggagggg 


Selection Guide 


7C108·25 
7CI08-35 
7CI08-45 


7CI09-25 
7C109-35 
7CI09-45 


Maximum Access Time (ns) 
25 
35 
45 


Maximum Operating Current (mA) 
Commercial 
160 
160 
160 


Military 
170 
170 
Maximum Standby Current (mA) 
Commercial 
50 
50 
50 


Military 
60 
60 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 


Ambient Temperature 
with 
(per MIlrSTD-883, 
Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage on Vcc Relative to GND(1). 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage App,lied to Outputs 
in High Z State I] ...................•..• 
- 0.5V to + 7.0V 


DC Input Voltagel11 
- O.5V to + 7.0V 


Current into Outputs (Low) ..........•............. 
20 mA 


Ambient 
Range 
Temperaturel'} 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
- 55°C to + 125°C 
5V ± 10% 


7C108-25 
7CI08-35, 
45 
7CI09-25 
7CI09-35, 
45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., IOH = - 4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min., IOL = 8.0 mA 
0.4 
0.4 
V 


VJH 
Input HIGH Voltage 
2.2 
Vcc + 0.3 
2.2 
Vcc + 0.3 
V 


V1L 
Input LOW Voltage11] 
-0.3 
0.8 
-0.3 
0.8 
V 


I,x 
Input Load Current 
GND..$.. VI..$..Vcc 
-1 
+1 
-1 
+1 
MA 
Ioz 
Output Leakage 
GND..$.. VI..$..Vcc, 
. 
-10 
+10 
-10 
+10 
MA 
Current 
Output Disabled 


Ios 
Output Short 
Vcc = Max., VOUT= GND 
-300 
-300 
mA 
Circuit Currentl4] 


Icc 
Vcc Operating Supply 
Vcc = Max.,IouT = 0 mA, 
Com'l 
160 
160 
mA 
Current 
f = fMAX = lItRC 
Mil 
170 


ISB1 
Automatic CE Power- 
Max. Vcc, CE1 2. V", 
Com'l 
50 
50 
mA 
Down Current 
orCE,..$.. V1L, 
- 
TTLlnputs 
V1N2. VIHor V1N..$..V1L, 


60 
f = fMAX 
Mil 


ISB' 
Automatic CE Power- 
Max.Vcc, CEI2. Vcc - O.3V Com'l 
40 
40 
mA 
Down Current 
or CE, ..$..0.3¥, 


- 
CMOS Inputs 
V1N2. Vcc - 0.3V 
Mil 
50 
or V1N< 0.3V, f=O 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C,f 
= 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vcc = 5.0V 
12 
pF 


Notes: 
1. 
V1L(min.)= -2.0V for pulse durations of lessthan 20 ns. 
2. 
TA is the "instant on" case temperature. 


3. 
See the last page of this specificationfor Group A subgroup testing 
information. 


4. 
Not more than 1 output shouldbe shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


5. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 


CY7CI08 
CY7CI09 


AC Test Loads and Waveforms 
R14eon 
::~% 


~ 
~ 
.5,.5ns 
30PFI 


INCLUDING 


JIG AND 
_ 


SCOPE 
- 


5 
PFI 


INCLUDING 


JIG AND 
_ 


SCOPE 
- 


(a) 


THEVENIN EQUIVALENT 


,e7n 


7CI08-25 
7CI08-35 
7CI08-45 


7CI09-25 
7CI09-35 
7CI09-45 


Parameters 
Description 
Min. 
I Max. 
Min. 
Max. 
Min. 
Max. 
I 
Units 


READ 
CYCLE 


tRc 
Read 
Cycle 
Time 
25 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
25 
35 
45 
ns 


tOIlA 
Data 
Hold 
from 
Address 
Change 
5 
5 
5 
ns 


tAcE 
CE, 
LOW 
to Data 
Valid, CE2 HIGH 
to Data 
Valid 
25 
35 
45 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
10 
15 
20 
ns 


tLWE 
OE 
LOW 
to Low 
Z 
0 
0 
0 
ns 


tHWE 
OE 
HIGH 
to High 
Z17] 
10 
15 
20 
ns 


tLZCE 
CE, 
LOW 
to Low 
Z, CE2 HIGH 
to Low 
ZIBI 
5 
5 
5 
ns 


tHZCE 
CE, 
HIGH 
to High 
Z, CE2 LOW 
to High 
ZI7.BI 
10 
15 
20 
ns 


tpu 
CE, 
LOW 
to Power-Up, 
CE2 HIGH 
to Power-Up 
0 
0 
0 
ns 


tpD 
CE, 
HIGH 
to Power-Down, 
CE2 LOW 
to Power- 
25 
35 
45 
ns 
Down 


WRITE 
CYCLEI9.101 


twc 
Write 
Cycle 
Time 
25 
35 
45 
ns 


tscE 
CE, 
LOW 
to Write 
End, 
CE2 HIGH 
to Write 
End 
20 
25 
30 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
20 
25 
30 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
20 
25 
30 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
15 
20 
25 
ns 


tllD 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z171 
5 
5 
5 
ns 


tHzwE 
WE 
LOW 
to High 
Z17·BI 
10 
15 
20 
ns 


Notes: 
6. 
Test conditions assume signal transition time of 5 os or less, timing ref- 
erence levels of l.SY, input pulse levels of 0 to 3.0Y, and output load- 
ing of the specified IOL/loH and 30-pF load capacitance. 


7. 
tIiZOE. 
tHZCE, and lHZWE arc specified 
with a load capacitance 
of 5 


pF as in part (b) of AC Test Loads. Transition 
is measured 
± 500 mV 


from 
steady state voltage. 
8. 
At any given temperature 
and voltage condition, 
IUZCE 
is less than 


tLZCE. 
l11Z0E is less than tLZOE. 
and tHzwE 
is less than ILZWE 
for 
any 


given device. 


9. 
The internal write time ~he 
men2£!)' is defined by the overlap ofCE, 


WW, CE2 HIGH, and WE WW CE, and WE musl be WW and CE2 
HIGH to initiate a write, and the transition of any of these signflls can 
terminate the write. The input data set-up and hold timing should be 
referenced to the leading edge of the signal that tcrminales the write. 


10. The minimum write cycle time for Write Cycle No.3 (WEeonlrolled, 


OE WW) is the sum of tHzwE and tso. 


• 


CY7CI08 
CY7CI09 


Switching Waveforms 


Read Cycle No. 1111.12] 


ADDRESS__ 
t= 
.. 
* _ 


1=~HA~·l 
__ 


DATAOUT ----P-R-EV-I-O-U-S-D-A-T-A-V-A-U-D-J-X--X-->K 
D_A_T_A_V_A_L_ID 
_ 


IucE 


sup~E~ 
Ip_U_~ 
50% 
CURRENT 
--../j 


~~,cc 
50% 


ISB 


ClOB-a 


I: 
tSD 


DATA1/0 -----------------'~-----D-AT-A-VA-U-D----_ 


Notes: 
II. 
Device is continuously 
selected. 
OE. CEI 
= V1L• CE2 
= VIH. 


12. WE is HIGH 
for read cycle. 
13. Address valid prior to or coincident with CEltransition 
LOW and CE2 
transition 
HIGH. 


14. Data 110 is high impedance 
if OE = VIH. 


15. If CEI goes HIGH or CE2 goes LOW simultaneously 
with WE going 


HIGH. 
the output 
remains in a high-impedance 
state. 


CY7CI08 
CY7CI09 


Switching 
Waveforms 


Write Cycle No.2 (WE Controlled, 
OE HIGH During Write)!l4,l3) 


• 


CY7CI08 
CY7CI09 


CE1 
CE, 
OE 
WE 
1/0. - 1/07 
Mode 
Power 


H 
X 
X 
X 
High Z 
Power-Down 
Standby (ISB) 


X 
L 
X 
X 
HighZ 
Power-Down 
~. 
Standby (ISB) 


L 
H 
L 
H 
Data Out 
Read 
- 
Active (Ice) 


L 
H 
X 
L 
Data In 
Write 
Active (Ice) 


L 
H 
H 
H 
High Z 
Selected, Outputs Disabled 
Active (Ice) 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


25 
CY7CI08-25DC 
D20 
Commercial 


CY7C108-25LC 
L55 


35 
CY7CI08-35DC 
D20 
Commercial 


CY7C108-35LC 
L55 


CY7CI08-35DMB 
D20 
Military 


CY7CI08-35LMB 
L55 


45 
CY7CI08-45DC 
D20 
Commercial 


CY7CI08-45LC 
L55 


CY7CI08-45DMB 
D20 
Military 


CY7CI08-45LMB 
L55 


Speed 
I'ackage 
Operating 


(ns) 
Ordering Code 
Type 
Range 


25 
CY7CI09-25VC 
V33 
Commercial 


CY7CI09-25DC 
D44 


35 
CY7C109-35VC 
V33 
Commercial 


CY7C109-35DC 
D44 


CY7CI09-35DMB 
D44 
Military 


45 
CY7CI09-45VC 
V33 
Commercial 


CY7CI09-45DC 
D44 


CY7CI09-45DMB 
D44 
Military 


CY7CI08 
CY7CI09 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


Vall 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V'LMax. 
1,2,3 


l,x 
1,2,3 


loz 
1,2,3 


1cc 
1,2,3 


Is01 
1,2,3 


ISB2 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


IRC 
7, 8, 9, 10, 11 


lAA 
7, 8, 9, 10, 11 


lOIiA 
7, 8, 9, 10, 11 


lACE 
7, 8, 9, 10, 11 


lDOE 
7, 8, 9, 10, 11 


WRITE CYCLE 


lwc 
7, 8, 9, 10, 11 


tSCE 
7, 8, 9, 10, 11 


lAW 
7, 8, 9, 10, 11 


tllA 
7, 8, 9, 10, 11 


lSA 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


Iso 
7, 8, 9, 10, 11 


tllo 
7, 8, 9, 10, 11 


• 
-- 
~ 
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Features 


• 
256 x 4 static RAM for control store 
in high-speed computers 
• 
CMOS for optimum speed/power 


• 
High speed 
- 
15 ns (commercial) 
- 
25 ns (military) 


• 
Low power 
- 
330 mW (commercial) 
- 
495 mW (military) 


• 
Separate 
inputs and outputs 
• 
5-volt power supply ±10% tolerance, 
both commercial 
and military 
• 
Capable of withstanding 
greater than 


2001V static discharge 
• 
TTL-compatible 
inputs and outputs 


Functional 
Description 


The 
CY7C122 
is 
a 
high-performance 
CMOS static RAM organized as 256words 
by 4 bits. Easy memory expansion is pro- 
vided by an active LOW chip select one 
(CS,) input, an active HIGH 
chip select 
two (CS2) input, and three-state outputs. 


An active LOW write enable input (WE) 
controls the writing/reading 
operation 
of 
the memory. When the.E!!iP select one 
(CS,) and write enable (WE) inputs are 
LOW and the chip select two (CS2) input 
is HIGH, the information on the four data 
inputs (Do to 03) is written into the ad- 
dressed memory word and the output cir- 
cuitry is preconditioned 
so that the correct 
data is present 
at the outputs when the 
write cycle is complete. This precondition- 


ing operation 
insures minimum write re- 
covery times by eliminating the "write re- 
covery glitch". 


Read.i!!g is performed with the chip select 
one (CS,) input is LOW, the ch~lect 
two 


input (CS2) and write enable (WE2J.!!puts 
are HIGH, and the output enable (OE) in- 
put is LOW The information stored in the 
addressed 
word is read out on the four 


non-inverting 
outputs (00 to 03), 


The outputs of the memory go to an active 
high-impedance 
state whcnever 
chip se- 


lect onc (CS,) is HIGH, 
chip select two 


(CS2) 
is LOW, output 
enable 
(OE) 
is 


HIGH, 
or during ~ 
writing operation 


when write enable (WE) is LOW 
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7Cl22-15 
7C122·25 
7C122-35 


Maximum Access Time (ns) 
Commercial 
15 
25 
35 


Military 
25 
35 


Maximum Operating Current (mA) 
Commercial 
90 
60 
60 


Military 
90 
90 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines. not tested.) 


Storage Tcmperature 
.. 
. 
- 6S°C to + ISO°C 
Static Discharge Voltage. 


Ambient Tcmpcrature 
with 
(per MIL-STD·883. Method 3015) 


Power Applied 
. 
- 55°C to + 125°C 
Latch·Up Current 
. 


Supply Voltage to Ground Potential 
(Pin 22 to Pin 8) 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage Applied to Outputs 
in High Z State. 
. 
- 0.5V to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


MilitaryIJ] 
- 55°C to + 125°C 
5V ± 10% 


7C122·15 
7Cl22·25 
7C122-35 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min .• 1011 = - 5.2 mA 
2.4 
2.4 
I 
V 


VOL 
Output LOW Current 
Vee = Min .. IOL = 8.0 mA 
0.4 
0.4 
V 


VII' 
Input HIGH Level 
2.1 
Vee 
2.1 
Vee 
V 


V'L 
Input WW Level 
- 3.0 
0.8 
- 3.0 
0.8 
V 


I,x 
Input Load Current 
GND~ 
V,~ 
Vee 
10 
10 
IJ.A 


Vea 
Input Diode Clamp 
Note 3 
Notc3 
Voltage 


loz 
Output Current (High Z) 
VOL~ 
VOUT~ VOH• 
-10 
+ 10 
- 10 
+ 10 
IJ.A 
Output Disabled 


Ios 
Output Short Circuit 
Vee = Max.• 
Commercial 
- 70 
- 70 
mA 
Currentl4] 
VOUT= GND 
Military 
- 80 
- 80 
mA 


Ice 
Power Supply Current 
Vee = Max.• 
Commercial 
90 
60 
mA 


lOUT= 0 mA 
Military 
90 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C. f = 1 MHz. 
8 
pF 


COUT 
Output Capacitance 
Vec = 5.0V 
8 
pF 


Inputs 


OE 
CS, 
CS2 
WE 
D. - DJ 
Outputs 
Mode 


X 
H 
X 
X 
X 
High Z 
Not Selectcd 


X 
X 
L 
X 
X 
High Z 
Not Selcctcd 


L 
L 
H 
H 
X 
O. - OJ 
Read Stored Data 


X 
L 
H 
L 
L 
High Z 
Write "0" 


X 
L 
H 
L 
H 
High Z 
Write "I" 


H 
L 
H 
H 
X 
High Z 
Output Disabled 


Noti's: 
1. 
TA is the "instant 
on" case temperature. 


2. 
See the last page of this specificationfor Group A subgroup testing 
informatIon. 


3. 
The CMOS process does not provide a clamp diode. However. the 
CY7CI22 is insensitiveto -3V DC input levelsand -5V undershoot 
pulsesof lessthan 10 ns (measured at 50% point). 


4. 
For test purposes, not more than 1 output 
at a time should be shorted. 
Short circuit test duration should not exceed 30 seconds. 
5. 
Testedinitiallyand after anydesignor processchangesthat mayaffecl 
these parameters. 
6. 
H = HIGH Voltage.L = WW Voltage,X = Don't Care, and High 
Z = High-Impedance 


• 


30PFr 
INCLUDING 


JIG AND -= 


SCOPE 
(a) 


THEVENIN EQUIVALENT 


15m 


5 pF 


INCLUDING 
JIG AND -= 


SCOPE 
(b) 


7C122-15 
7C122-25 
7C122-35 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
15 
25 
35 
ns 


tACS 
Chip 
Select 
Time 
8 
15 
25 
ns 


tZRCS 
Chip 
Select 
to High 
Zl91 
12 
20 
30 
ns 


tAos 
Output 
Enable 
Time 
8 
15 
25 
ns 


tZROS 
Output 
Enable 
to High 
Zr81 
12 
20 
30 
ns 


tAA 
Address 
Access 
Time 
15 
25 
35 
ns 


WRITE 
CYCLE 


twc 
Write 
Cycle 
Time 
15 
25 
35 
ns 


tzws 
Write 
Disable 
to High 
ZI8j 
12 
20 
30 
ns 


tWR 
Write 
Recovery 
Time 
12 
20 
25 
ns 


tpwE 
WE 
Pulse 
Widthl61 
11 
15 
25 
ns 


twso 
Data 
Set-Up 
Time 
Prior 
to Write 
0 
5 
5 
ns 


tWHO 
Data 
Hold 
Time 
After 
Write 
2 
5 
5 
ns 


twSA 
Address 
Set-Up 
Timel6] 
0 
5 
10 
ns 


tWHA 
Address 
Hold 
Time 
4 
5 
5 
ns 


twscs 
Chip 
Select 
Set-Up 
Time 
0 
5 
5 
ns 


tWHCS 
Chip 
Select 
Hold 
Time 
2 
5 
5 
ns 


Notes: 
7. 
tw measured at twSA 
= min.; twSA measured at tw = min. 
8. 
Test conditions assume signal transition times of 5 os or less for the 
-15 product 
and 10 ns or less for the -25 and -35 product. 
Timing 


reference 
levels of 1.5V 


9. 
1J-ansition is measured at steady state HIGlllevel 
-500 mV or steady 


state LOW level + 500 mVon 
the output from 1.5V level on the input 


with load as shown in part (b) of AC Test Loads. 


Switching 
Waveforms 
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11. The timing diagram represents one solution 
that results in an optimum 


cycle 
time. liming 
may 
be changed 
in varous 
applications 
as long as 


the worst-case 
limits are not violated. 
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FREQUENCY 
(MHz) 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
1)'pe 
Range 


15 
CY7C122-15PC 
P7 
Commercial 


CY7C122-15DC 
DB 


CY7C122-15SC 
S13 


25 
CY7C122-25PC 
P7 
Commercial 


CY7C122-25DC 
DB 


CY7C122-25SC 
S13 


CY7C122-25LC 
L53 


CY7C122-25DMB 
DB 
Military 


35 
CY7C122-35PC 
P7 
Commercial 


CY7C122-35SC 
S13 


CY7C122-35DC 
DB 


CY7C122-35LC 
L53 


CY7C122-35DMI3 
DB 
Military 


CY7C122-35LMI3 
L53 


Address 
Address 
Pin 
Name 
Function 
Number 


Ao 
AXO 
4 


A, 
AX1 
3 


Az 
AX2 
2 


AJ 
AX3 
1 


A. 
AX4 
21 


As 
AYO 
5 
~ 
AY1 
6 


A7 
AY2 
7 
• 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1LMax. 
1,2,3 


11x 
1,2,3 
Ioz 
1,2,3 
Icc 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


lACS 
7, 8, 9, 10, 11 


locs 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tWR 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


tWSD 
7, 8, 9, 10, 11 


tWHD 
7, 8, 9, 10, 11 


tWSA 
7, 8, 9, 10, 11 


tWHA 
7, 8, 9, 10, 11 


twscs 
7, 8, 9, 10, 11 


tWHCS 
7, 8, 9, 10, 11 
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Features 


• 
2S6 x 4 static RAM for control store 
in high-speed computers 
• 
CMOS for optimum speed/power 


• 
High speed 
- 
7 ns (commercial) 
- 
10 ns (military) 


• 
Low power 
- 
660 mW (commercial) 


- 
82S mW (military) 


• 
Separate 
inputs and outputs 
• 
S-volt power supply ± 10% tolerance 
both commercial 
and military 
• 
TTL-compatible 
inputs and outputs 


• 
24 pins 


• 
300-mil package 


Functional 
Description 


The 
CY7CI23 
is a 
high-performance 
CMOS static RAM organized as 256words 
by 4 bits. Easy memory expansion is pro- 
vided by an active LOW chip select one 
(CS,) input, an active HIGH 
chip select 
two (CS2) input, and three-state outputs. 


Writing to the device is accomplished when 
the chip select one (CS1) and write enable 
(WE) inputs are both LOW and the chip 
select two input is HIGH. Data on the four 
data inputs (Do through D3) is written into 
the memory location specified on the ad- 
dress pins (Ao through A7). The outputs 
are preconditioned 
so that the write data 
is present at the outputs when the write 
cycle iscomplete. This precondition opera- 
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A7 


tion ensures minimum write recovery times 
by eliminating the "write rccovery glitch." 


Reading the device is acco"!!!plishedby tak- 
ing the £!!!p select one (CS,) and output 
enable (Q£) inputs LOW, while the write 
enable (WE) and chip select two (CS2) in- 
puts remain HIGH. 
Under these condi- 


tions, the contents of the memory location 
specified on the address pins will appear 
on the four output pins (00 through 03). 


The 
output 
pins remain 
in high-impe- 
dance state when chip select one (CS,) or 
output enable (OE) is HIGH, or write en- 
able (WE) or chip select two (CS2) is Law. 


A die coat is used to insure alpha immunity. 
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7C123-7 
7C123-9 
7C123-10 
7CI23-12 
7C123-1S 


Maximum Access Time (ns) 
Commercial 
7 
9 
12 


Military 
10 
12 
15 


Maximum Operating 
Current (mA) 
Commercial 
120 
120 
120 


Military 
150 
150 
150 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Output Current into Outputs (Low) 
20 mA 
Ambient Temperature 
with 
Latch-Up Current............................. 
>200 mA 


Power Applied 
- 55°C to + 12SoC 


Supply Voltage to Ground Potential 
Operating Range 


(Pins 24 and 18 to Pins 7 and 12)111 
- 0.5V to + 7.0V 


DC Voltage App,lied to Outputs 
in High Z State 1) 
- 0.5V to + 7.0V 


DC Input Voltage(l) 
- 0.5V to + 7.0V 


Ambient 
Range 
Temperature!'1 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
- 55°C to + 125°C 
5V ± 10% 


7C123-7 
7C123-10 
7C123-9 
7C123-IS 
7C123-12 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min.,IoH 
= - 5.2 mA 
2.4 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min.,loL 
= 8.0 mA 
0.4 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vcc 
2.2 
Vcc 
2.2 
Vcc 
V 


VIL 
Input LOW Voltage(l! 
- 0.8 
+0.8 
- 0.8 
+0.8 
- 0.8 
+0.8 
V 


Ilx 
Input Load Current 
Vss'::;' VI'::;' Vcc 
- 10 
+10 
- 10 
+10 
- 10 
+10 
>LA 


loz 
Output Current 
Vss'::;' VOUT'::;' Vcc, 
- 10 
+10 
-10 
+10 
-10 
+10 
>LA 
(High Z) 
Output Disabled 


Icc 
Power Supply 
Vcc = Max., 
I Commercial 
120 
120 
mA 
Current 
lOUT = 0 mA, 
I Military 
f = fMAX= 1/tRc 
150 
150 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25°C,f= 
1 MHz, 
8 
pF 


COUT 
Output Capacitance 
Vcc = S.OV 
8 
pF 


Inputs 


OE 
CS, 
CS2 
WE 
Do- D, 
Outputs 
Mode 


X 
H 
X 
X 
X 
High Z 
Not Selected 


X 
X 
L 
X 
X 
High Z 
Not Selected 


L 
L 
H 
H 
X 
00-03 
Read Stored Data 


X 
L 
H 
L 
L 
HighZ 
Write "0' 


X 
L 
H 
L 
H 
HighZ 
Write "1' 


H 
L 
H 
H 
X 
HighZ 
Output Disabled 


Notes: 
1. 
VII.(M;n.)= -3.0V for pulse durations of lessthan 20 liS. 
2. 
TA is the "instant 
on" case temperature. 
3. 
See the last page of this specificationfor Group A subgroup testing 
information. 


4. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 


5. 
H = High Voltage,L = LowVoltage,X = Don't Care, and 
High Z = High Impedance. 


3.0V~ 
90% 
'0% 
GNO 


< 3 ns 
~ 


10% 


• 
dos 


20PFr 
INCLUDING 


JIG AND -= 


SCOPE 
(a) 


5 pF 


INCLUDING 
JIG AND -= 


SCOPE 
(b) 


THEVENIN EQUIVALENT 


t52fi 


7C123-7 
7C123-9 
7C123-10 
7C123-12 
7C123-15 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
7 
9 
10 
12 
15 
ns 


tAA 
Address 
to Data 
Valid 
7 
9 
10 
12 
15 
ns 


tAcs 
Chip 
Select 
to Data 
Valid 
7 
8 
8 
8 
10 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
7 
8 
8 
8 
10 
ns 


tHZCS 
Chip 
Select 
to High 
Z16,7J 
5 
6 
6 
6.5 
8 
ns 


tHWE 
OE 
HIGH 
to High 
Z[61 
5 
6 
6 
6.5 
8 
ns 


tLzcs 
Chip 
Select 
to Low 
Z[7] 
2 
2 
2 
2 
2 
ns 


tLWE 
OE 
LOW 
to Low 
Z 
2 
2 
2 
2 
2 
ns 


WRITE 
CYCLE 


twc 
Write 
Cycle 
Time 
7 
9 
10 
12 
15 
ns 


tllzwE 
WE 
LOW 
to High 
Z[6) 
5.5 
6 
6 
7 
8 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z 
2 
2 
2 
2 
2 
ns 


tpwE 
WE 
Pulse 
Width 
5 
6.5 
7 
8 
11 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
5 
6 
7 
8 
11 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
1 
1 
1 
1 
1 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0.5 
1 
1 
2 
2 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
1.5 
1.5 
2 
2 
2 
ns 


tscs 
CS LOW 
to Write 
End 
5 
6.5 
7 
8 
11 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
5.5 
7.5 
8 
10 
13 
ns 


Notes: 
6. 
Transition 
is measured 
at steady state HIGH level- 
500 mV orsteady 
7. 
At any given temperature 
and voltage condition, 
tHZCS is less than 
state LOW level + 500 mV on the output from 1.5V level on the input 
tLZCSfor any given device. 


with load shown in part (b) of AC Test Loads. 


• 


Switching Waveforms 


Read Cycle [8,91 
_W__ 
lAC __ 
*_ 
t------- 
tAA 
.' 


OE 


lHZOE 


DATA OUT 
DATA VALID 


C123-6 


Write Cycle [7,8) 
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9. 
Timing diagram represents one solution that results in an optimum 
cycle time. Timing may be changed in varous applications as long as 
the worst case limits are not violated. 
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---- 


J. 1.3 


@ 
1.2 
N:J« 
1.1 
::< 
II: 
~ 
1.0 


0.9 


0.8 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE M 


TYPICAL POWER-ON CURRENT 
vs. SUPPLY VOLTAGE 
3.0 


./ 
------ 


12.5 


@ 
2.0 
N:J 
~ 
1.5 
II: 
~ 
1.0 


0.0 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY VOLTAGE M 


(; 
.2 


0.8 
0 
w 
N:J 0.6 
« 
::< 
II: 
0.4 
0 
Vcc = 5.0V 
Z 
V'N = 5.0V 
0.2 
Isa 


0.0 


-55 
25 
125 


AMBIENT TEMPERATURE (0G) 


J. 1.4 
o 
w 
N 
1.2 
:J« 
::< 
II: 
1.0 
oz 


0.6 
-55 
25 
125 


AMBIENT TEMPERATURE (0G) 


TOTAL ACCESS TIME CHANGE 
vs. OUTI'UT 
LOADING 
30 


J 
«8 
10 
o 


200 
400 
600 
800 
1000 


CAPACITANCE (pF) 


OUTPUT SOURCE CURRENT 
vs. OUTPUT VOLTAGE 
~ 
90 
§. 


I- 
Vcc = 5.0V 
Z 
TA = 25°C 
w 
• 


II: 
II: 
60 
::;)u 
w 
45 
U 
II: 
::;)0 
30 
(j) 
I- 
::;) 
15 
Cl.I- 
::;) 
0 
0 
0 
1.0 
2.0 
3.0 
4.0 


OUTPUT VOLTAGE M 


OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 


~360 
§. 


I- 300 
zw 
~ 
240 
::;) 
U 
'"z 
ii5 
~ 
Cl. 
~o 


Vcc = 5.0V 
TA = 25°C 
V'N = 0.5V 


0.8 


10 
20 
30 
40 


CYCLE FREQUENCY (MHz) 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


7 
CY7C123-7PC 
Pl3A 
Commercial 


CY7CI23-7VC 
Vl3 


CY7CI23-7DC 
D14 


CY7CI23-7LC 
L53 


9 
CY7CI23-9PC 
Pl3A 
Commercial 


CY7CI23-9VC 
Vl3 


CY7CI23-9DC 
D14 


CY7CI23-9LC 
1.53 


10 
CY7CI23-lODMB 
014 
Military 


CY7CI23-10LMB 
1.53 


CY7CI23-lOKMB 
K73 


12 
CY7C123-12PC 
Pl3A 
Commercial 


CY7CI23-12VC 
Vl3 


CY7CI23-12DC 
D14 


CY7C123-12LC 
1.53 


CY7CI23-12DMB 
D14 
Military 


CY7CI23-12LMB 
1.53 


CY7CI23-12KMB 
K73 


15 
CY7CI23-15DMB 
014 
Military 


CY7CI23-15LMB 
1.53 


CY7CI23-15KMB 
K73 


MILITARY 
SPECIFICATIONS 


Group 
A Subgroup 
Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V,LMax. 
1,2,3 


l,x 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


tACS 
7, 8, 9, 10, 11 


tOOE 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


tSD 
7, 8, 9, 10, 11 


hID 
7,8,9, 
10, 11 


tSA 
7,8,9, 
10, 11 


tHA 
7,8,9, 
10, 11 


tscs 
7,8,9, 
10, 11 


tAW 
7, 8, 9, 10, 11 


Features 


• Automatic power-down when 


deselected 


• CMOS for optimum speed/power 


• 
High speed 
- 
35 ns 


• 
Low active power 
- 
660 mW (commercial) 


- 
825 mW (military) 


• Low standby power 


- 
110 mW 


• TTL-compatible 
inputs and outputs 
• Capable of withstanding 
greater 


than 2001V electrostatic 
discharge 


Functional 
Description 


The 
CY7Cl28 
is 
a 
high-performance 
CMOS 
static 
RAM 
organized 
as 2048 


words by 8 bits. Easy memory expansion is 
Rrovided by an active LOW chip enable 
(CE), and active LOW output enable (OE) 
and three-state 
drivers. The CY7CI28 has 


an automatic power-down feature, reduc- 
ing the power consumption 
by 83% when 
deselected. 


Writing to the device is accomplished when 
t~chip 
enable 
(CE) and write enable 
(WE) inputs are both Law. 
Data on the 


eight I/O pins (I/Oo through I/O,) is writ- 
ten into the memory location specified on 
the address pins (Ao through AIO). 


Reading the device is accomplished by ta~ 
chip enable (CE) and outpu~ablc 
(OE) 


LOW 
while write 
enable 
(WE) 
remains 


HIGH. Under these conditions, the contents 
of the memory location specified on the ad- 
dress pins will appear on the eight I/O pins. 
The 
I/O 
pins remainJ.!:1. high-impedance 


state when chip enable (CE) or o'!!J2.1!tenable 
(OE) is HIGH or write enable (WE) is low. 


The 7CI28 utilizes a die coat to ensure alpha 
immunity. 


7C128-35 
7C128-45 
7C128-55 


Maximum Access Time (ns) 
35 
45 
55 


Maximum Operating 
Commercial 
120 
120 
90 


Current (mA) 
Military 
130 
100 


Maximum Standby 
Commercial 
20 
20 
20 
Current (mA) 
Military 
20 
20 


• 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage.. 
> 200IV 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 
Power Applied 
- 55°C to + 125°C 
Latch-Up Current.......... 
>200 mA 


Supply Voltage to Ground Potential 
Operating 
Range 


(Pin 24 to Pin 12) 
- O.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. 
. . . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Temperature 
Vce 


Commercial 
O°C to + 70°C 
5V:!: 
10% 


Militarylll 
- 55°C to + 125°C 
5V :!: 10% 


7C128 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = - 4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., 10L = 8.0 mA 
0.4 
V 


VJH 
Input HIGH Voltage 
2.0 
Vee 
V 


VIL 
Input LOW Voltage 
-3.0 
0.8 
V 


Ilx 
Input Load Current 
GND..$.. VI..$..Vee 
. 
-10 
+ 10 
IJ.A 


Ioz 
Output Leakage 
GND..$.. VI..$..Vee, 
-40 
+40 
IJ.A 


Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., VOUT= GND 
-300 
mA 


Circuit Current!31 


Ice 
Vee Operating Supply 
Vee = Max. 
Com'l 
35,45 
120 
mA 


Current 
lOUT= 0 mA 
55 
90 


Mil 
45 
130 


55 
100 


ISB 
Automatic CE 
Max. Vee, 
, 
Com'l 
20 
mA 


Power-Down Current 
CE2, 
VJH 
Mil 
20 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25°C, f = 1 MHz 
10 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Notes: 
1. 
TA is the "instant on" case temperature. 
2. 
See Ihe last page of this specificationfor Group A subgroup testing 
information. 


3. 
Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


4. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 


AC Test Loads and Waveforms 


A1481,n 


5V 


OUTPUT 


5V 


OUTPUT 


30PFI 


INCLUDING 


JIG AND 
_ 


SCOPE 
- 


5PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 


(a) 
Equiva!entto: 
THEvENINEQU!VALENT 


167fi 


OUTPUT 
0 
•••••• 
0 1.73V 


7Cl28-35 
7C128-45 
7C128-55 


I'arameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
35 
45 
55 
ns 


tM 
Address 
to Data 
Valid 
35 
45 
55 
ns 


IOIIA 
Data 
Hold 
from 
Address 
Change 
5 
5 
5 
ns 


tACE 
CE 
LOW 
10 Data 
Valid 
35 
45 
55 
ns 


lDOE 
OE 
LOW 
10 Dala 
Valid 
15 
20 
25 
ns 


tLZOE 
OE 
LOW 
10 Low 
Z 
0 
0 
0 
ns 


tllZOE 
OE 
HIGH 
10 High 
Z!6] 
15 
15 
20 
ns 


tLZCE 
CE 
LOW 
to Low 
Z(7] 
5 
5 
5 
ns 


lllZCE 
CE 
HIGH 
10 High 
Z16, 1) 
15 
20 
20 
ns 


tpu 
CE 
LOW 
10 Power-Up 
0 
0 
0 
ns 


IpD 
CE 
HIGH 
10 Power-Down 
20 
25 
25 
ns 


WRITE 
CYCLEIS) 


Iwc 
Wrile 
Cycle 
Time 
35 
45 
55 
ns 


ISCE 
CE 
LOW 
10 Write 
End 
30 
40 
50 
ns 


tAW 
Address 
Sel-Up 
10 Write 
End 
30 
40 
50 
ns 


tllA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


lSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Widlh 
20 
20 
25 
ns 


ISD 
Data 
Sel-Up 
to Wrile 
End 
15 
20 
25 
ns 


IIID 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tllzwE 
WE 
LOW 
10 High 
ZI61 
15 
15 
20 
ns 


lLzwE 
WE 
HIGH 
to Low 
Z 
0 
0 
0 
ns 


Notes: 
5. 
Test conditions assume signal transition time of 5 os or less, timing ref- 
erence levcls of 1,5V, input pulse levels of 0 to 3,OV,and oulput load- 
ing of the specified 10L/loII and 30-pF load capacitance, 
6, 
tllzoE, tllZCE, and tllzwE are specified with CL = 5 pF as in part (b) 
of ACTcst Loads, Transition 
is measured 
± 500 mV from steady state 


voltage, 


7. 
At 
any given temperature 
and voltage 
condition, 
fUZCE 
is Jessthan 


tlZCE 
for 
any given 
device. 


8, 
The internol write time of the memory is defined by Ihe overlap ofCE 
LDW and WE LDW Bolh signals must be LDW 10 initiate a wrile and 


either signal can terminate 
a write by going HIGII. The data inpul set- 


up and hold timing should be referenced 
to the rising edge of the signal 


that terminates the write. 


9. 
WE is HIGH 
for read cycle. 


10. Device is continuously 
selected. 
OE, CE = V1L. 


11. Address valid prior to or coincident 
with CE transition 
LDW 


12. Data 110 pins enter high-impedance 
slole, as shown, when OE is held 


LDW during write. 


13. IfCEgoes 
HIGH simultaneously 
with WE IIlGII, 
the oulput rcmoins 


in a high-impedance 
state. 


III 


..:::---~ 


. -'ff:;PRFSS 
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Switching Waveforms 
*- 
tL".~ ~ 


DATA OUT ----P-R-E-VI-O-U-S-D-A-T-A-V-A-L-ID-3'"'x-'"'x-""*================D=A=T=A=V=A=L1=D============= 


Vcc 
SUPPLY 
CURRENT 


luCE 


______ IP_U_=f W% 
'o~ 
ICC 
50% 


IS8 


mE -j. 


HIGH IMPEDANCE --K=========== 


Switching 
Waveforms 
(continued) 


Write 
Cycle 
No.2 
(CE Controlled) 
19, 12, 13) 


ltiZWE 
~ 


---------------------- 
HIGH 
IMPEDANCE 
DATA 
UNDEFINED 
--------------------- 


NORMALIZED 
SUPPLY CURRENT 


vs, SUPPLY VOLTAGE 
1.4 


lJl 1.2 


Jl10 
o 
~ 
0.8 
:J 
~ 
0.6 


a: 
~ 
0.4 


0.2 


$ 1,3 
8 1.2 
N:J« 
1.1 
::; 
a: 
~ 
10 


0.0 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY 
VOLTAGE M 


NORMALIZED 
ACCESS TIME 


vs. SUPPLY VOLTAGE 
1.4 


NORMALIZED 
SUPPLY CURRENT 


vs. AMBIENT 
TEMPERATURE 


1.2 
'" 
J!' 1.0 
Jlo 
0.8 


w 
N:J 
0.6 
« 
::;§ 0.4 
z 


0.0 
-55 
25 
125 


AMBIENT 
TEMPERATURE 
(DC) 


0.9 


0.8 


4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY 
VOLTAGE 
M 


0.6 
-55 
25 
125 


AMBIENT 
TEMPERATURE 
(DC) 


OUTPUT 
SOURCE 
CURRENT 


_ 
vs. OUTl'UT 
VOLTAGE 


:[ 120 


~ 100 
wa:a:::Jo 


Wo 
a:::Jo 
40 
(J) 
2 
20 


~o 
0 
0.0 
1.0 
2.0 
3.0 


OUTPUT 
VOLTAGE 
(V) 


OUTI'UT 
SINK CURRENT 
vs. OUTPUT 
VOLTAGE 


~ 
140 


.s 120 
I-z 
~ 
100 


a: 
13 
80 
'"z 
60 


U5 


~ 
40 
a. 


~ 
20 
o 


1.0 
2.0 
3.0 


OUTPUT 
VOLTAGE 
(V) 


TYPICAL POWER-QN 
CURRENT 


\'S. SUPPLY VOLTAGE 
3.0 


o 2.5 


-!l- 
0 
2.0 
w 
N:J 
<C 
1.5 
:; 
a:a 
1.0 
z 


0.5 
./ 
- 


~ 


0.0 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY 
VOLTAGE 
M 


TYPICAL ACCESS TIME CHANGE 
¥s. OUTPUT 
LOADING 
_ 
30.0 
"'.s 
$ 25.0 


@ 
200 
N:J 
~ 
15.0 


a: 
~ 
10.0 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
Type 
Range 


35 
CY7Cl28-35PC 
Pl3 
Commercial 


CY7Cl28-35VC 
V12 


CY7Cl28-35DC 
D14 


CY7Cl28-35LC 
L53 


45 
CY7Cl28-45PC 
Pl3 
Commercial 


CY7Cl28-45VC 
Vl3 


CY7Cl28-45DC 
D14 


CY7Cl28-45LC 
L53 


CY7Cl28-45DMB 
D14 
Military 


CY7Cl28-45LMB 
L53 


CY7Cl28-45KMB 
K73 


55 
CY7Cl28-55PC 
Pl3 
Commercial 


CY7Cl28-55VC 
Vl3 


CY7Cl28-55DC 
D14 


CY7Cl28~55LC 
L53 


CY7Cl28-55DMB 
D14 
Military 


CY7Cl28-55LMB 
L53 


CY7Cl28-55KMll 
K73 


NORMALIZED 
Ice ¥s. CYCLE TIME 


1.4 
Vcc = 5.0V 
TA = 25°C 
V'N = 0.5V 


0.8o 
10 
20 
30 
40 


CYCLE 
FREQUENCY 
(MHz) 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


Vall 
1,2,3 


VOL 
1,2,3 


V," 
1,2,3 


V'L Max. 
1,2,3 


I,x 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


ISB 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


tOHA 
7, 8, 9, 10, 11 


tACE 
7, 8, 9, 10, 11 


tDOE 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tSCE 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tllA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


tSD 
7, 8, 9, 10, 11 


tllD 
7, 8, 9, 10, 11 


• 


.:..::=-. :4: 
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iF 
SEMICONDUCTOR 


Features 


• Automatic power-down when 


deselected 
• CMOS for optimum speed/power 


• High speed 


- 
15 ns 


• 
Low active power 
- 
440 mW (commercial) 
- 
550 mW (military) 


• Low standby power 
- 
1l0mW 


• SOJ package 
• TTL-compatible 
inputs and outputs 


• Capable of withstanding 
greater 
than 2001V electrostatic 
discharge 


• 
VIII of 2.2V 


Functional 
Description 
The 
CY7CJ28A 
is a high-performance 
CMOS 
static 
RAM 
organized 
as 2048 
words by 8 bits. Easy memory expansion is 
llrovided by an active LOW chip enable 
(CE), and active LOW output enable (OE) 
and three-state 
drivers. The CY7CJ28A 


has an automatic power-down feature, re- 
ducing the power consumption 
by 83% 
when deselected. 


Writing to the device is accomplished when 
thLchip 
enable 
(CE) and write enable 


(WE) inputs are both LOW. 


Data on the eight I/O pins (I/Oo through I/O,) 
is written into the memory location specified 
on the address pins (Ao through AlO). 


Reading the device is accomplished by ta~ 
chip enable (CE) and outpu~able 
(OE) 


LOW 
while write 
enable 
(WE) 
remains 


HlGH. Under these conditions. the contents 
of the memory location specified on the ad- 
dress pins will appear on the eight 1I0 pins. 


The 
I/O 
pins remain 
in high-impedance 


state when chip enable (CE)or ~ut 
enable 


(OE) is HIGH or write enable (WE) is LOW. 


The 7CJ28A utilizes a die coat to insure al- 
pha immunity. 


Pin Configurations 


D1P/SOJ 
Top View 


A7 
1 
24 
Va:; 


"223" 
"322" 
A, 
4 
21 
WE 


A,52OOE 


AI. 
6 
19 
A,o 


A, 
7 7C128A18 
CE 


Ao 
8 
17 
1107 


vo, 
9 
16 
I/O. 


I/O, 
10 
15 
liD!. 


1/02 
11 
14 
I/O. 


GND 
12 
13 
1/03 


4 
32,<2423 
A, 
.. 
22 ~ 
A, 
5 
21 
WE 


A, 
6 
20 OE 


A, 
7 
7C128A 
19 
A" 
A, • 
I. CE 
I/o, 
9 
17 
1/07 
vo, 
10 
16 
110" 
"12131415 


NO 
(') V 
«) 
gag g g 
C128A-3 


7C128A·15 
7C128A·20 
7C128A-25 
7C128A-35 
7C128A-45 
7C128A·55 


Maximum Access Time (ns) 
15 
20 
25 
35 
45 
55 


Maximum Operating 
Commercial 
120 
JOO 
100 
100 
Joo 
80 


Current (mA) 
Military 
125 
125 
100 
100 
100 


Maximum Standby 
Commercial 
40/40 
40/20 
20 
20 
20 
20 


Current (mA) 
Military 
40/20 
40 
20 
20 
20 


Maximum 
Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage 
Temperature 
- 65°C 
to + ISOaC 
Static Discharge 
Voltage 
. 


Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage to Ground Potential 
Operating 
Range 


(pin 28 to Pin 14) 
- O.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. 
. . . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Electrical 
Characteristics 
Over the Operating Rangel21 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


MilitaryPI 
- 55°C to + 125°C 
5V ± 10% • 


7CI28A-25, 


7Cl28A·15 
7CI28A·20 
35,45 
7C128A-55 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH 
Vcc = Min., 10H= -4.0 mA 
2.4 
2.4 
2.4 
2.4 
V 


Voltage 


VOL 
Output LOW 
Vcc = Min., 10L = 8.0 mA 
0.4 
0.4 
0.4 
0.4 
V 


Voltage 


VIH 
Input HIGH 
2.2 
Vcc 
2.2 
Vcc 
2.2 
Vcc 
2.2 
Vcc 
V 


Voltage 


V1L 
Input LOW 
-0.5 
0.8 
-0.5 
0.8 
-0.5 
0.8 
-0.5 
0.8 
V 
VoltageP] 


l,x 
Input Load 
GND.s. 
VI.s. Vcc 
-10 
+10 
-10 
+10 
-10 
+10 
-10 
+ 10 
/lA 


Current 


Ioz 
Output Leakage 
GND.s. 
VI.s. Vcc 
-10 
+10 
-10 
+10 
-10 
+ 10 
-10 
+10 
/-LA 


Current 
Output Disabled 


Ios 
Output Short 
Vcc = Max., VOUT= GND 
-300 
-300 
-300 
-300 
mA 
Circuit Currentl41 


Ice 
Vcc Operating 
Vcc = Max. 
Com'l 
120 
100 
100 
80 
mA 


Supply Current 
lOUT= 0 mA 
Mil~ 
125 
125 
125 
- 
- 
- 
35,45 
125 
125 
125 


ISBI 
Automatic CE 
Max. Vcc, 
Com'l 
40 
40 
20 
20 
mA 


Power-Down 
CE~ 
VIH. 


Current 
Min. Duty Cycle 
Mil~ 
40 
40 
20 
= 100% 
- 
- 
- 
35,45 
40 
20 
20 


ISB2 
Automatic CE 
Max. Vcc, 
Com'l 
40 
20 
20 
20 
mA 


Power-Down 
CEI ~ 
Vcc - 0.3y, 
Current 
V'N~ 
Vcc-O.3V 
Mil 
20 
20 
20 
or VIN.s. 0.3V 


Notes: 
1. 
TA is the "instant 
on" case temperature. 
2. 
See the last page of this specification 
for Group A subgroup 
testing 


information. 


3. 
VIL min. = -3.0V 
for pulse durations 
less than 30 ns. 


4. 
Not more than 1 output 
should be shorted 
at one time. Duration 
of 


the short circuit should not exceed 30 seconds. 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C,f= 
1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vcc = 5.0V 
10 
pF 


5V 


OUTPUT 


5V 


OUTPUT 


30PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(a) 


THEVENIN 
EQUIVALENT 
167.0. 


V+ 


5 
PFI 


INCLUDING 
JIG AND 
_ 
SCOPE 
- 
(b) 


ALL INPUT PULSES 


3'OV~% 
~ 
10% 
10% 


GND= • 
~5ns 


7C128A-15 
7C128A-20 
7C128A·25 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ CYCLE 


tRC 
Read Cycle Time 
15 
20 
25 
ns 


tAA 
Address to Data Valid 
15 
20 
25 
ns 


tOHA 
Data Hold from Address Change 
5 
5 
5 
ns 


tACE 
CE LOW to Data Valid 
15 
20 
25 
ns 


tDOE 
OE LOW to Data Valid 
10 
10 
12 
ns 


tLZOE 
OE LOW to Low Z 
3 
3 
3 
ns 


tHWE 
OE HIGH to High Z[7J 
8 
8 
10 
ns 


tLZCE 
CE LOW to Low Z18! 
5 
5 
5 
ns 


tllZCE 
CE HIGH to High Z!7.71 
8 
8 
10 
ns 


tpu 
CE LOW to Power-Up 
0 
0 
0 
ns 


tpD 
CE HIGH to Power-Down 
15 
20 
20 
ns 


WRITE CYCLE!9! 


twc 
Write Cycle Time 
15 
20 
20 
ns 


tSCE 
CE LOW to Write End 
12 
15 
20 
ns 


tAW 
Address Set-Up to Write End 
12 
15 
20 
ns 


tliA 
Address Hold from Write End 
0 
0 
0 
ns 


tSA 
Address Set-Up to Write Start 
0 
0 
0 
ns 


tpwE 
WE Pulse Width 
12 
15 
15 
ns 


tSD 
Data Set-Up to Write End 
10 
10 
10 
ns 


tHO 
Data Hold from Write End 
0 
0 
0 
ns 


tHzwE 
WE LOW to High Z[7] 
7 
7 
7 
ns 


tLzwE 
WE HIGH to Low Z 
5 
5 
5 
ns 


7Cl28A-35 
7C128A-45 
7C128A-55 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
35 
45 
55 
ns 


tAA 
Address 
to Data 
Valid 
35 
45 
55 
ns 


loHA 
Data 
Hold 
from 
Address 
Change 
5 
5 
5 
ns 


tACE 
CE 
LOW 
to Data 
Valid 
35 
45 
55 
ns 


tooE 
OE 
LOW 
to Data 
Valid 
15 
20 
25 
ns 


tLWE 
OE 
LOW 
to Low 
Z 
3 
3 
3 
ns 


tHWE 
OE 
HIGH 
to High 
Z[71 
12 
15 
20 
ns 


tLZCE 
CE 
LOW 
to Low 
Z(8) 
5 
5 
5 
ns 


tHZCE 
CE 
HIGH 
to High 
Z17.81 
15 
15 
20 
ns 


tpu 
CE 
LOW 
to Power-Up 
0 
0 
0 
ns 


tpo 
CE 
HIGH 
to Power-Down 
20 
25 
25 
ns 


WRITE 
CYCLE/91 


twc 
Write 
Cycle 
Time 
25 
40 
50 
ns 


tSCE 
CE 
LOW 
to Write 
End 
25 
30 
40 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
25 
30 
40 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tPWE 
WE 
Pulse 
Width 
20 
20 
25 
ns 


tso 
Data 
Set-Up 
to Write 
End 
15 
15 
25 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tHzwE 
WE 
LOW 
to High 
Z(7) 
10 
15 
20 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z 
5 
5 
5 
ns 


• 


Notes: 
6. 
Test conditions 
assume signal transition 
time of 5 os or less, timing ref- 


erence levels of 1.5V, input pulse levels of 0 to 3.0¥, and output load- 
ing of the specified IOLlIoH and 30-pF load capacitance. 


7. 
t"WE. 
tHZCE, and tHzwE are specified with CL = 5 pF as in part (b) 


of ACThst Loads. Transition is measured 
±500 
mVfrom 
steady state 


voltage. 


8. 
At any given temperature 
and voltage condition, 
tHZCE is less than 


tLZCE for any given device. 


9. 
The internal write time of the memory is defined by the overlap ofCE 
WW and WE WW. Both signals must be WW to initiate a write and 


either signal can terminate 
a write by going HIGH. The data input set- 


up and hold timing should be referenced 
to the rising edgeof the signal 


that terminates 
the write. 
10. WE is HIGH 
for read cycle. 
11. Device is continuously 
selected. 
OE, CE = V1L. 


12. Address valid prior to or coincident 
with CE transition WW 


13. Data 1/0 pins enter high-impedance 
state, as shown. when OE is held 


WW during write. 
14. If CE goes HIGH simultaneously 
with WEHIGH, 
the output remains 


in a high-impedance 
state. 


t-~~ 


PREVIOUS DATA VA~I: ----skxx 
*================D=A=T=A=V=A=U=D============= 


Vcc 


SUPPLY 
CURRENT 


IuCE 


tpU --L 


--------.If 
50"10 
.,~ICC 
50"10 


Isa 


ltiZWE -l 
------_.~ 


DATA I/O 
DATA UNDEFINED 
~ 


IuwE--I 


HIGH IMPEDANCE <~...~~~~~~~~~= 


· --~A<FSS 


-=?' 
SEMlCONDUCTCR 


Switching 
Waveforms 
(continued) 


Write Cycle No.2 (CE Controlled) 
19, 12, 141 


till 


4iZWE ---l 


--------D-A-T-A-U-N-D-E-F-IN-E-D---------~~--H-IG-H-I_M_P_E_D_A_N_C_E 
_ 


NORMALIZED 
SUPPLY CURRENT 


-So SUI'PLY VOLTAGE 
1.4 


~ 
1.2 


Jl1.0 
o 
}:tj 0.8 
:; 
~ 
06 
a: 
~ 
0.4 


0.2 


0.0 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLYVOLTAGEM 


NORMALIZED 
ACCESS TIME 


vs, SUPPLY VOLTAGE 
1.4 


.1 
1.3 
:3 1.4 


0 
1.2 
0 
w 
w 


N 
N 
1.2 
:; 
:; 
« 1.1 
« 


::;; 
::;; 


a: 
a: 
1.0 
0 1.0 
0 
z 
z 


0.9 


0.8 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLYVOLTAGEM 


1.2 


31.0 
" 
.2 
0.8 
0 
w 
N:; 0.6 
« 
::;;a: 0.4 
0 
Vcc = 5.0V 
Z 
V'N= 5.0V 
0.2 
158 


0.0 


-55 
25 
125 


AMBIENTTEMPERATURE(0G) 


0.6 


-55 
25 
125 


AMBIENTTEMPERATURE(0G) 


OUTI'UT 
SOURCE 
CURRENT 


_ 
VSo OUTPUT 
VOLTAGE 


l120 


!z 100 
wa:a:a 
w 
() 
a: 
::Jg 
40 
~ 
a. 
20 
~o 
0 
0.0 
1.0 
2.0 
3.0 


OUTPUTVOLTAGEM 


OUTI'UT 
SINK CURRENT 


VSo OUTPUT 
VOLTAGE 
« 140 
.s12O 
f-z 
~ 
100 
a:a 
80 
~z 
60 
U5 


~ 
40 
a. 


~ 
20 
o 
o 
00 
1~ 
~O 
~o 


OUTPUTVOLTAGEM 


TYPICAL POWER-oN 
CURRENT 


>'S. SUPPLY VOLTAGE 
3.0 


TYPICAL ACCESS TIME CHANGE 


>'S. OUTPUT 
LOADING 
30.0 


NORMALIZED 
lee 


>'S. CYCLE TIME 
1.4 


.i 2.5 


~ 
2.0 
::; 
~ 
1.5 
a:2 
./ 
- 


......•..••• 


25.0 
Jl 


1.3 
<il 
£200 
0 
1.2 
J . 
t'.J::; 


<t: 15.0 
<t: 
1.1 


!:i 
::;: 
a: 
~ 
2 


0.9 


0.8 


1000 
0 


Vcc = 5.0V 
TA = 25°C 
'I,,~ _ 
n .1:" 


0.0 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY VOLTAGE M 


Speed 
Package 
Operating 
(os) 
Ordering Code 
lYpe 
Range 


15 
CY7Cl28A-15PC 
Pl3 
Commercial 


CY7Cl28A-15VC 
V13 


CY7Cl28A-150C 
014 


CY7Cl28A-15LC 
L53 


20 
CY7Cl28A-20PC 
Pl3 
Commercial 


CY7Cl28A-20VC 
Vl3 


CY7Cl28A-200C 
014 


CY7C128A-20LC 
L53 


CY7Cl28A-200MB 
014 
Military 


CY7Cl28A-20LMB 
L53 


CY7Cl28A-20KMB 
K73 


25 
CY7Cl28A-25PC 
P13 
Commercial 


CY7Cl28A-25VC 
Vl3 


CY7Cl28A-250C 
014 


CY7Cl28A-25LC 
L53 


CY7Cl28A-250MB 
014 
Military 


CY7Cl28A-25LMB 
L53 


CY7Cl28A-25KMB 
K73 


10 
20 
30 
40 


CYCLE 
FREQUENCY 
(MHz) 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
Type 
Range 


35 
CY7Cl28A-35PC 
Pl3 
Commercial 


CY7Cl28A-35VC 
Vl3 


CY7Cl28A-350C 
014 


CY7Cl28A-35LC 
L53 


CY7Cl28A-350MB 
014 
Military 


CY7Cl28A-35LMB 
L53 


CY7Cl28A-35KMB 
K73 


45 
CY7Cl28A-45PC 
P13 
Commercial 


CY7Cl28A-45VC 
Vl3 


CY7Cl28A-450C 
014 


CY7Cl28A-45LC 
L53 


CY7Cl28A-450MB 
014 
Military 


CY7Cl28A-45LMB 
L53 


CY7Cl28A-45KMB 
K73 


55 
CY7Cl28A-55PC 
Pl3 
Commercial 


CY7Cl28A-55VC 
Vl3 


CY7Cl28A-550C 
014 


CY7Cl28A-55LC 
L53 


CY7Cl28A-550MB 
014 
Military 


CY7Cl28A-55LMB 
L53 


CY7Cl28A-55KMB 
K73 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


V1H 
1,2,3 


V1L Max. 
1,2,3 


Ilx 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


IS8 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


lAA 
7, 8, 9, 10, 11 


IOHA 
7, 8, 9, 10, 11 


lACE 
7, 8, 9, 10, 11 


lDOE 
7, 8, 9, 10, 11 


WRITE CYCLE 


lwc 
7, 8, 9, 10, 11 


ISCE 
7, 8, 9, 10, 11 


lAW 
7, 8, 9, 10, 11 


IHA 
7, 8, 9, 10, 11 


lSA 
7, 8, 9, 10, 11 


IpWE 
7, 8, 9, 10, 11 


tso 
7, 8, 9, 10, 11 


IHO 
7, 8, 9, 10, 11 


~:-;~ 
')1 CYPRESS 
F 
SEMICONDUCTOR 


CY7C130/CY7C131 
CY7C140/CY7C141 


Features 


• 
O.8-micron CMOS for optimum 
speed/power 
• 
Automatic power-down 
• 
TTL compatible 
• 
Capable of withstanding 
greater than 


2001V electrostatic 
discharge 
• 
Fully asynchronous 
operation 
• 
Master CY7CI30/CY7C131 
easily ex- 


pands data bus width to 16 or more 
bits using SlAVE CY7C140/ 
CY7C141 
• 
BUSY outp'ut flag on CY7C130/ 
CY7C131; BUSY input on 
CY7C140/CY7C141 


• 
INT flag for port-to-port 
communication 


Functional Description 


The CY7C130/CY7C13l1CY7Cl401 
CY7C141 are high-speed CMOS lK by 8 
dual-port static RAMs. Two ports are pro- 
vided permitting independent access to any 
location in memory. 
The CY7C1301 


CY7C131 
can 
be 
utilized 
as either 
a 
standalone B-bitdual-port static RAM or as 
a master dual-port 
RAM in conjunction 
with the CY7Cl40/CY7C141 
slave dual- 
port device in systems requiring 16-bit or 
greater word widths. It is the solution to 
applications requiring shared or buffered 
data, such as cache memory for DSp, bit- 
slice, or multiprocessor designs. 


Rfij, 
Rfij, 
GEe 
ce.. 


oe.. 
OE" 


tv.. 
A.., 


A" 
A" 


1/001. 
1/0SIR 


VO" 
I/O,. 


BUSyll1l 
BUSYAIl1 


Ao. 
A.., 


tv.. 
A.., 


Notes: 
1. 
CY7C130/CY7C131 
(Master): 
BUSY is open draill output 
and requires pull-up resistor. 


CY7C140/CY7C141 
(Slave): BUSY is input. 
2. 
Open draIn outputs: 
pull-up resistor required. 


1024 X 8 Dual-Port 


Static RAM 


Each port has independent co~rol pins; chip 
enable@, 
write enable (R/W), 
and output 


enable (DE). Two nags arc provided on each 
port, BUSY and INT. BUSY signals that the 
port is trying to access the same location cur- 
rently being accessed by the other port. INT 
is an interrupt 
nag indicating that data has 
been placed in a unique location by the other 
port. An automatic 
power-down 
feature is 
controlled in~endently 
on each port by the 
chip enable (CE) pins. 


The CY7C130 and CY7Cl40 are available in 
both 
48-pin 
DIP 
and 
48-pin 
Lee. 
The 
CY7C131 and CY7C141 
are available 
in 


both 52-pin LeC and PLee. 


A die coat is used to insure alpha immunity. 


DIP 


Top View 


GEe ~~J 
VCC 


RiWl 
L 2 
47 J ~ 
BUSYL 
3 
46 
RtWA 


TN'fl 
4 
45 
BUSYR 


CEt. 
5 
44 
i'N'fR 
Ao..6430ER 


A,l 
7 
42 
At:R. 


A2I.. 
8 
41 
AIR 


~ 
9 
40 
A2R 


~ 
10 
39 
A~ 


A&. 
11 
38 
A.aA 


Aa 
12 
37 
A~ 


All 
13 
36 
~ 
As.. 
14 
35 
A7ft 


tv.. 
15 
34 
A.., 


IIOa. 
16 
33 
A.., 


IlOll 
17 
32 
110m 


1/021.. 
18 
31 
1/~ 


1/031. 
19 
30 
I/OSR 


1/0.L 
20 
29 
I/O.A 


I/O&. 
21 
28 
1/03FI 


I/Oa 
22 
27 
V02f'l 


I/O7\.~ 23 
26 
llOu\ 


GND 
L 
24 
25 
1!OeA 


CY7C130/CY7C131 
CY7C140/CY7C141 


Pin Configurations 
(continued) 


52-l'in LCC/fLCC 


Top View 


76543 
2 ~,~52 51 50 49 48 47 


A" 
8 
46 
A•. 
9 
45 
"'- 
10 
44 
A" 
11 
43 


A" 
12 
42 


""- 
13 
7C131 
41 


An. 
14 
7C141 
40 


Aa. 
15 
39 


Aa. 
16 
38 
va•. 
17 
37 


IlOll 
18 
36 


I/O2\. 
19 
35 


1/03- 
20 
34 
212223242526 
27 28 29 30 313233 


DE., 
A" 


"'" 


A•. 


A" 
"'- 


A" 
""- 


"'" 


Aa. 


A" 
""- 


A•• 
An. 


"'" 


Aa. 


A", 
Aa. 


A,.. 
va.. 


"'" 


IlOll 


NC 
110•. 


110", 


6 
5 
4 
3 
2 ~1~48 47 46 45 44 43 


7 
42 
"'" 


8 
41 
AlA 


9 
40 
Azr>, 


10 
39 
A)14 


11 
38 
A.R 


12 
7Cl30 
37 
A~ 
13 
7C140 
36 
A.,., 


14 
35 
A7fl 


15 
34 
A,.. 


16 
33 
"'" 


17 
32 
IlOrn 


18 
31 
1/06fl. 


19 20 21 22 23 24 25 26 27 28 29 30 


7C130-2S131 
7C130·30 
7C130-3S 
7C130-4S 
7C130-SS 


7C13I-2S 
7C13I·30 
7C131·3S 
7C131-4S 
7C13I-SS 


7C140-2S 
7CI40-30 
7C140·3S 
7C140·4S 
7C140-SS 


7C141·2S 
7C141·30 
7C141-3S 
7C141-4S 
7C141·SS 


Maximum Access Time (ns) 
25 
30 
35 
45 
55 


Maximum Operating 
Commercial 
170 
170 
120 
90 
90 


Current (mA) 
Military 
170 
120 
120 


Maximum Standby 
Commercial 
65 
65 
45 
35 
35 


Current (mA) 
Military 
65 
45 
45 


Maximum 
Ratings 


(Above which the useful life may be impaired. For user guidelines. not tested.) 


Storage Temperature 
- 65°C to + 15000C 
Static Discharge Voltage 
. 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Powcr Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage to Ground Potential 
Operating 
Range 


(Pin 48 to Pin 24) 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. 
. 
. 


DC Input Voltage 
. 


Output Current into Outputs (LOW) . 


- 0.5V to + 7.0V 


- 3.5V to + 7.0V 


.......... 
20mA 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Militaryl41 
- 55°C to + 125°C 
5V ± 10% 


CY7C130/CY7C131 
CY7C140/CY7C141 


7C130-25, 
30131 
7C130·35 
7C130-45,55 
7C131·25,30 
7C131-35 
7C131-45,55 
7CI40-25,30 
7C140-35 
7C140-45,55 
7C141·25,30 
7C141·35 
7C141-45,55 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOII 
Output 
HIGH 
Voltage 
Vee 
= Min., 
1011 = - 4.0 mA 
2.4 
2.4 
2.4 
V 


VOL 
Output 
LOW 
Voltage 
10L = 4.0 mA 
0.4 
0.4 
0.4 
V 


10L = 16.0 mA17] 
0.5 
0.5 
0.5 


VIII 
Input 
HIGH 
Voltage 
2.2 
2.2 
2.2 
V 


V'L 
Input 
LOW 
Voltage 
0.8 
0.8 
0.8 
V 


I,x 
Input 
Load 
Current 
GND.=:;. 
V,.=:;. Vee 
-5 
+5 
-5 
+5 
-5 
+5 
j.lA 


loL. 
Output 
Leakage 
GND.=:;. 
Va.=:;. Vee, 
-5 
+5 
-5 
+5 
-5 
+5 
IJ.A 
Current 
Output 
Disabled 


los 
Output 
Short 
Vee 
= Max., 
- 350 
- 350 
- 350 
mA 
Circuit 
Currentl8] 
VOUT = GND 


Ice 
Vee 
Operating 
CE 
= V'L, 
Com'l 
170 
120 
90 
mA 


Supply 
Current 
Outputs 
Open, 


Mil 
170 
120 
[ = [MAXI6 


ISBl 
Standby 
Current 
CEL and CER ~ 
V'", 
Com'l 
65 
45 
35 
mA 


Both 
Ports, 
[ = [MAX161 
Mil 
65 
45 
TILlnputs 


IS82 
Standby 
Current 
CEL or CER ~ 
VIII, 
Com'l 
115 
90 
75 
mA 


One 
Port, 
Active 
Port Outputs 
Open, 


Mil 
115 
90 
TILlnputs 
[ = [MAX161 


IS83 
Standby 
Current 
Both 
Ports 
CEL and 
Com'l 
15 
15 
15 
mA 


Both 
Ports, 
CER~ 
Vee 
- O.2V, 


CMOS 
Inputs 
V'N ~ 
Vee 
- O.2V or 
Mil 
15 
15 
V'N .=:;.0.2V, [ = 0 


IS84 
Standby 
Current 
One 
Port 
CEL or 
Com'l 
105 
85 
70 
mA 
One 
Port, 
CER~ 
Vee 
- 0.2¥, 


CMOS 
Inputs 
V'N ~ 
Vee 
- O.2V or 
V'N'=:;'O.2V, 
Mil 
105 
85 
Active 
Port Outputs 
Open, 
[ = [MAXI61 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input 
Capacitance 
TA 
= 25°C, 
[= 
1 MHz, 
15 
pF 


COUT 
Output 
Capacitance 
Vee 
= 5.0V 
10 
pF 


Notes: 
S. 
See the last page of this specification 
for Group A subgroup 
testing 


information. 


6. 
At f = fMAX• address and data inputs (except output 
enable; OE = 


V,d are cycling at the maximum frequency 
of read cycle of lit" 
and 
using AC Test Waveforms input levels of GND to 3Y. 


7. 
BUSY and INT pins only. 
8. 
Duration 
of the short circuit should not exceed 30 seconds. 


9. 
1ested initially and after any design or process changes that may affect 
these parameters. 
10. Test conditions assume signal transition times of 5 os or less, timing 


reference 
levels of l.SY, input pulse levels of 0 to 3.0V and output 
loading of the specified 10L/101I. and 30-pF load capacitance. 


11. 
tUCE. 
ILZWE. IHZOE. tLZOE. fUZCE 
and tHzwE 
are tested with CL = 


SpF as in part (b) of AC Test Loads 
Transition 
is measured 
± SOO 


mV from steady state voltage. 


12. At any given temperature and voltage 
condition, 
f"zeE 
is less than 


lLZCE 
for any given device. 
13. The internal !'!:ite time of the memory is defined by the overlap of CS 


LOW and RIW LOW Both signals must be low to initiate a write and 
either signal can terminate 
a write by going high. The data input set-up 


and hold timing should be referencd 
to the rising edge of the signal 


that terminates the write. 


CY7C130/CY7C131 
CY7C140/CY7C141 


AC Test Loads and Waveforms 
R1893fi 


30 


PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 


5 
PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 


_-J5V 
281fi 


BUSY 
OR 
iNT 


I30PF 


5V 


OUTPUT 


5V 


OUTPUT 


lIUSY Output 
Load 
(CY7CI30/CY7CI310:,\J.Y) 


7C130-2513j 
7C130-30 
7C130-35 
7C130-45 
7C130-55 


7C131-25 
7C131-30 
7C131-35 
7C131-45 
7C131-55 


7C140-25 
7C140-30 
7C140-35 
7C140-45 
7C140-55 


7C141-25 
7C141-30 
7C141-35 
7C141-45 
7C141-55 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ CYCLE 


tRC 
Read Cycle Time 
25 
30 
35 
45 
55 
ns 


lAA 
Address to Data Valid 
25 
30 
35 
45 
55 
ns 


lallA 
Data Hold from 
0 
0 
0 
0 
0 
ns 
Address Change 


lACE 
CE LOW to Data Valid 
30 
30 
35 
45 
55 
ns 


tDOE 
OE LOW to Data Valid 
15 
20 
20 
25 
25 
ns 


lLZOE 
OE LOW to Low Z 
3 
3 
3 
3 
3 
ns 


lllZOE 
OE HIGH to High ZllIj 
15 
15 
20 
20 
25 
ns 


tLzcE 
CE LOW to Low Z[lI,12) 
5 
5 
5 
5 
5 
ns 


tllZCE 
CE HIGH to High Z[lI,12j 
15 
15 
20 
20 
25 
ns 


tpu 
CE LOW to Power-Up 
0 
0 
0 
0 
0 
ns 


tl'D 
CE HIGH to Power-Down 
25 
25 
35 
35 
35 
ns 


WRITE CYCLE[l3j 


twc 
Write Cycle Time 
25 
30 
35 
45 
55 
ns 


tSCE 
CE LOW to Write End 
20 
25 
30 
35 
40 
ns 


tAW 
Address Set-Up to Write End 
20 
25 
30 
35 
40 
ns 


tllA 
Address Hold from Write End 
2 
2 
2 
2 
2 
ns 


1:;,\ 
Address Set-Up to Wrile Start 
0 
0 
0 
0 
0 
ns 


l')WE 
R/W Pulse Widlh 
20 
25 
25 
30 
30 
ns 


tSD 
Data Set-Up to Write End 
15 
15 
15 
20 
20 
ns 


tllo 
Data Hold from Write End 
0 
0 
0 
0 
0 
ns 


lllZWE 
R/W LOW to High Z 
15 
15 
20 
20 
25 
ns 


lLZWE 
R/W HIGH to Low Z 
0 
0 
0 
0 
0 
ns 


CY7C130/CY7C131 
CY7C140/CY7C141 


7C130-25f3! 
7C13o-30 
7C130-35 
7C130-45 
7C130-55 
7C131·25 
7C131·30 
7C131-35 
7C13I-45 
7C13I-55 


7C140·25 
7C14o-30 
7C14o-35 
7C140-45 
7Cl40-55 


7C141·25 
7C141·30 
7C141·35 
7C141-45 
7C141·55 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
I Max. 
Min. 
Max. 
Units 


BUSY /INTERR 
UPT 
TIMING 


tmA 
BUSY 
LOW 
from Address 
Match 
20 
20 
20 
25 
30 
ns 


tBHA 
BUSY 
HIGH 
from 
20 
20 
20 
25 
30 
ns 


Address 
Mismatch!l4! 


tBLC 
BUSY 
LOW 
from 
CE 
LOW 
20 
20 
20 
25 
30 
ns 


tBHC 
BUSY 
HIGH 
from 
CE HIGHI'4) 
20 
20 
20 
25 
30 
ns 


tps 
Port 
Set Up for Priority 
5 
5 
5 
5 
5 
ns 


tWBI1S] 
R/W 
LOW 
after 
BUSY 
LOW 
0 
0 
0 
0 
0 
ns 


tWH 
R/W 
HIGH 
after 
BUSY 
HIGH 
20 
30 
30 
35 
35 
ns 


tBDD 
BUSY 
HIGH 
to Valid 
Data 
25 
30 
35 
45 
45 
ns 


tDDD 
Write 
Data 
Valid 
to 
Note 
Note 
Note 
Note 
Note 
ns 
Read 
Data 
Valid 
16 
16 
16 
16 
16 


tWDD 
Write 
Pulse 
to Data 
Delay 
Note 
Note 
Note 
Note 
Note 
ns 


16 
16 
16 
16 
16 


INTERRUPT 
TIMING 


tWINS 
R/W 
to INTERRUPT 
Set Time 
25 
25 
25 
35 
45 
ns 


tElNS 
CE 
to INTERRUPT 
Set Time 
25 
25 
25 
35 
45 
ns 


tINS 
Address 
to INTERRUPT 
25 
25 
25 
35 
45 
ns 


Set Time 


t01NR 
OE 
to INTERRUPT 
25 
25 
25 
35 
45 
ns 


Reset 
Time(l4] 


tEINR 
CE to INTERRUPT 
25 
25 
25 
35 
45 
ns 


Reset 
Timel14] 


tlNR 
Address 
to INTERRUPT 
25 
25 
25 
35 
45 
ns 


Reset 
Timel14] 


Notes: 
14. These parameters 
are measured 
from the input signal changing, until 


the output 
pin goes to a high-impedance 
state. 
15. CY7C140/CY7C141 
only. 


16. A write operation 
on Pori A, where Port A has priority ,leaves the data 
on Port B's outputs undisturbed 
until one access time after one of the 
following: 
A. 
BUSY on Port B goes HIGH. 
B. 
Port n's address is toggled. 
C. 
CEUor Port n is toggled. 
D. 
RfW 
for Port B is toggled. 


Switching 
Waveforms 


Read 
Cycle 
No. 
1117,18] 


17. RtW is HIGH 
for read cycle. 


18. Device is continuously 
selected, 
CE = V1Land OE = VIL. 


19. Address valid prior to or coincident 
with CE transition ww. 


20. !f OE is WW during a RtW controlled 
write cycle, the wrile pulse 


width must be the larger of tpwE or t"zwE + tSD to allow the data 
I/O pins to enter high impedance and for data to be placed on the bus 
for the required 
tSD. 
2!. 
!fthe CE WW transition occurs simultancouslywi1h 
or after the RtW 


LDW transition, 
the outputs 
remain in the high-impedance 
sta1e. 


=t-Io"A~-'AA~. 


PREVIOUSDATAVAVO/f'AA~===============D=A=T=A=V=A=L=ID=============== 
*== 


CY7C130/CY7C131 
CY7C140/CY7C141 


Switching 
Waveforms 
(continued) 


Read Cycle No. 2[17.191 


fJI 


ICC~ 
I 
S8 


---./"' 


~D~ 


C130-8 


Read with BUSY, Master: 
CY7C130 and CY7C131 


tRC 


ADDRESS 
MATCH 


!PWE 


Either Port 


twc 


lriZDE .:::l 
> ) 
) 
) 
) 
) Z:j 
H_IG_H_IM_P_ED_AN_C_E 
_ 


C13Q-10 


CY7C130/CY7C131 
CY7C140/CY7C141 


Switching Waveforms 
(continued) 


Write Cycle No. 2113,211 


-=~=--:--=-:- 
--:= 
~C~l30~l~l __ 


Busy Timing Diagram No.1 (CE Arbitration) 


CEL Valid First: 


ADDRESSL,A 
X 
ADDRESS 
MATCH 
X 


GEL 
~"L 
tM;r 


GEA 


BUSYA 
~LC 
~ 


x 
_ 


ADDRESSL 


BUSYL 


fII 


~------------ 
~_~j__ ~f~-1 


CY7C130/CY7C131 
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Interrupt Timing Diagrams 


Left Side Sets INT R 


Right Side Clears !NTR 
~ 
~c 


ADORA XXXXXXXXXXXXX 
READ 
3FF 


t,;A 
~NT 


CEA 


CY7C130/CY7C131 
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NORMALIZED 
SUPPLY CURRENT 


vs. SUPPLY VOLTAGE 
1.4 


Jl1.0 
ow 
N:J 
<{ 
::;: 
c::o 
0.4 
z 


0.0~O 
~5 
~O 
~5 


SUPPLY 
VOLTAGE M 


NORMALIZED 
ACCESS TIME 
vs. SUPPLY VOLTAGE 
1.4 


..••.•.•.•.. 


I'-.. 
TA = 25°C 
r-- - 


.J. 1.3 
@ 1.2 
N:J 
<{ 
1.1 
::;: 
c:: 
~ 
1.0 


0.9 


0.8 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY 
VOLTAGE 
M 


TYPICAL POWER-ON 
CURRENT 


vs. SUPPLY VOLTAGE 
3.0 


2.5 
i 


@ 
2.0 
N:J 
~ 
1.5 
c:: 
~ 
10 
/ 
- 


.,/" 
0.5 


0.0 o 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY 
VOLTAGE M 


0 
-2 
0w 
N 
0.6 
:J 
<{ 
::;: 
0.4 
c::0z 
0.2 


0.6 
-55 
25 
125 


AMBIENT 
TEMPERATURE 
(0C) 


.J. 1.4 
owN 
1.2 
:J 
<{ 
::;: 
c:: 
1.0 
oz 


0.6 
-55 
25 
125 


AMBIENT 
TEMPERATURE 
(0C) 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT 
LOADING 


30.0 


en 
.E.20.0 
~ 
~ 15.0 
'-Jw010.0 


OUTPUT 
SOURCE 
CURRENT 


_ 
vs. OUTPUT 
VOLTAGE 


:[ 120 


I-z 100 
w 
c:: 
c::~ 
() 
w() 
c::~0 
40 
(f) 
I-~ 
20 
0- 
I-~ 
0 
0 
0 
1.0 
2.0 
3.0 
4.0 


OUTPUT 
VOLTAGE 
(V) 


OUTPUT 
SINK CURRENT 
vs. OUTPUT 
VOLTAGE 


~ 
140 


.s 120 
I-z 
~ 
100 
c::a 
80 


""z 
60 


Ui 
S 
0- 
So 


.B 


@ 
1.0 
N:J 
<{ 
::;: 
c:: 
~0.75 


Vcc = 4.5V 
TA = 25°C 
V'N= 0.5V 


0.50 
10 
20 
30 
40 


CYCLE 
FREQUENCY 
(MHZ) 


CY7C130/CY7C131 
CY7C140/CY7C141 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


25 
CY7C13o-25LC 
L68 


30 
CY7C13o-30PC 
P25 
Commercial 


CY7C130-30DC 
D26 


CY7C130-30LC 
L68 


35 
CY7C130-35PC 
P25 
Commercial 


CY7C130-35DC 
D26 


CY7C130-35LC 
L68 


CY7C130-35DMB 
D26 
Military 


CY7C 130-35LMB 
L68 


45 
CY7C130-45PC 
P25 
Commercial 


CY7C130-45DC 
D26 


CY7C130-45LC 
L68 


CY7C130-45DMB 
D26 
Military 


CY7C130-45LMB 
L68 


55 
CY7C130-55PC 
P25 
Commercial 


CY7C130-55DC 
D26 


CY7C130-55LC 
L68 


CY7C130-55DMB 
D26 
Military 


CY7C130-55LMB 
L68 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


25 
CY7C131-25LC 
L69 
Commercial 


CY7C131-25JC 
J69 


30 
CY7Cl3l-30LC 
L69 
Commercial 


CY7Cl3l-30JC 
J69 


35 
CY7C131-35LC 
L69 
Commercial 


CY7C131-35JC 
J69 


CY7C131-35LMB 
L69 
Military 


45 
CY7C131-45LC 
L69 
Commercial 


CY7C131-45JC 
J69 


CY7C131-45LMB 
L69 
Military 


55 
CY7Cl3l-55LC 
L69 
Commercial 


CY7Cl3l-55JC 
J69 


CY7C131-5.:iLMB 
L69 
Military 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


25 
CY7Cl4{)-25LC 
L68 


30 
CY7Cl4{)-30PC 
P25 
Commercial 


CY7Cl40-30DC 
D26 


CY7Cl40-30LC 
L68 


35 
CY7Cl40-35PC 
P25 
Commercial 


CY7Cl40-35DC 
D26 


CY7Cl40-35LC 
L68 


CY7Cl40-35DMB 
D26 
Military 


CY7Cl40-35LMD 
L68 


45 
CY7Cl40-45PC 
P25 
Commercial 


CY7Cl40-45DC 
D26 


CY7Cl40-45LC 
L68 


CY7Cl40-45DMB 
D26 
Military 


CY7Cl40-45LMB 
L68 


55 
CY7Cl40-55PC 
P25 
Commercial 


CY7Cl40-55DC 
D26 


CY7Cl40-55LC 
L68 


CY7Cl40-55DMB 
D26 
Military 


CY7Cl4{)-55LMB 
L68 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


25 
CY7C141-25LC 
L69 
Commercial 


CY7C141-25JC 
J69 


30 
CY7C141-30LC 
L69 
Commercial 


CY7C141-3OJC 
J69 


35 
CY7C141-35LC 
L69 
Commercial 


CY7C141-35JC 
J69 


CY7C141-35LMB 
L69 
Military 


45 
CY7C141-45LC 
L69 
Commercial 


CY7C141-45JC 
J69 


CY7C141-45LMB 
L69 
Military 


55 
CY7C141-55LC 
L69 
Commercial 


CY7C141-55JC 
L69 


CY7C141-55LMB 
L69 
Military 


CY7C130/CY7C131 
CY7C140/CY7C141 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V'LMax. 
1,2,3 


IIX 
1,2,3 
Ioz 
1,2,3 
Icc 
1,2,3 


ISB1 
1,2,3 
ISB2 
1,2,3 


ISB3 
1,2,3 


ISB4 
1,2,3 


Parameters 
Subgroups 


READ 
CYCLE 


IRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


lACE 
7, 8, 9, 10, 11 


lOOE 
7, 8, 9, 10, 11 


WRITE 
CYCLE 


Iwc 
7, 8, 9, 10, 11 


ISCE 
7, 8, 9, 10, 11 


lAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


ISA 
7, 8, 9, 10, 11 


IpWE 
7, 8, 9, 10, 11 


Iso 
7, 8, 9, 10, 11 


IHO 
7, 8, 9, 10, 11 


Parameters 
Subgroups 


BUSY/INTERRUPT 
TIMING 


tBIA 
7, 8, 9, 10, 11 


tBHA 
7, 8, 9, 10, 11 


tBLC 
7, 8, 9, 10, 11 


tBHG 
7, 8, 9, 10, 11 


tps 
7, 8, 9, 10, 11 


tWINS 
7, 8, 9, 10, 11 


tEINS 
7, 8, 9, 10, 11 


tINS 
7, 8, 9, 10, 11 


IoINR 
7, 8, 9, 10, 11 


tEINR 
7, 8, 9, 10, 11 


IINR 
7, 8, 9, 10, 11 


BUSY TIMING 


IWB[221 
7, 8, 9, 10, 11 


IWH 
7, 8, 9, 10, 11 


IBOO 
7, 8, 9, 10, 11 


Note: 
22. CY7C140/CY7C141 
only. 


..:~.~ 
":.a CYPRESS 
- 
F 
SEMICONDUCTOR 


CY7C132/CY7C136 
CY7C142/CY7C146 


Features 


• 
O.8-micron CMOS for optimum 
speed/power 
• 
Automatic power-down 
• 
TTL compatible 
• 
Capable of withstanding 
greater than 


2001V electrostatic 
discharge 
• 
Fully asynchronous 
operation 
• 
MASTER CY7C132/CY7C136 
easily 


expands data bus width to 16 or 
more bits using SLAVE 
CY7C 142/CY7C 146 
• 
BUSY outp.ut flag on CY7C132/ 
CY7C136; BUSY input on 
CY7C142/CY7C142 
• 
INT flag for port-to-port 
communi- 


cation (52-pin LCC/PLCC versions) 


Functional Description 


The CY7C132/CY7C136/CY7CI42/ 
CY7Cl46 are high-speed CMOS 2K by g 
dual-port static RAMS. Two ports are pro- 
vided permitting independent 
access to any 
location in memory. 
The CY7C132/ 
CY7C136 can be utilized as either a stand- 
alone g-bit dual-port static RAM or as a 
MASTER 
dual-port RAM in conjunction 
with the CY7C142/CY7Cl46 
SLAVE dual- 
port device in systems requiring 16-bit or 
greater word widths. It is the solution to 
applications requiring shared or buffered 
data such as cache memory for DSP, bit- 
slice, or multiprocessor designs. 
Each port has independent 
control pins; 
chip enable (CE), write enable (R/W), and 


RiW, 
RiW, 
CEc 
CER 


OEL 
OE" 


AWL 
AWA 


All 
A7A 
1100.. 
ItOo. 


I/O1\. 
110m 


BUSYL111 
BUSyRll! 


A6L 
~A 


AoL 
AoA 


i'NTI'P'] 


C132-1 


Notes: 
1. 
CY7C132/CY7C136 
(Master): BUSY is open drain output and requires pull-up resistor. 


CY7C142/CY7C146 
(Slave):BUSY is input. 


2. 
Open drain outputs; pull-~p resistor required. 


2048 X 8 Dual-Port 


Static RAM 


output 
enable (OE). BUSY flags are pro- 


vided on each port. In addition, an interrupt 
flag (lNT) is provided on each port of the 
52-pin LeC and PLeC versions. BUSY sig- 
nals that the port is trying to access the same 
location currently being accessed by the oth- 
er port. On the LeC/PLeC 
versions, INT is 


an interrupt 
flag indicating 
that data has 


been placed in a unique location by the other 
port. 


An automatic 
power-down 
feature is con- 


trolled independently 
on each port by the 


chip enable (CE) pins. 
The 
CY7C1321CY7C142 
are 
available 
in 
both 
48-pin 
DIP 
and 
48-pin 
Lee. 
The 


CY7C136/CY7Cl46 
are available 
in both 
52-pin LeC and 52-pin PLee. 


A die coat is used to insure alpha immunity. 


DIP 


Top View 


CEc 
1 
48 
vcc 


RIWl 
2 
47 
CER 


BUSYl 
3 
46 
RiW, 


A,,,- 
4 
45 
BUSYA 


0Ee 
5 
44 
A,,,, 


Ao. 
6 
43 
OER 


A" 
7 
42 
A., 


An. 
8 
41 
A" 
Ao. 
9 
40 
A" 


A" 
10 
39 
A., 


A,. 
11 
38 
A" 


Aa 
12 
37 
A", 


An. 
13 
36 
A., 


Aa 
14 
35 
A" 
Ao. 
15 
34 
tv.. 


1/0a. 
16 
33 
A., 


I/O,L 
17 
32 
IIOlA 


IIOa 
18 
31 
I/06A 


I/O3\. 
19 
30 
1/05fl 


IJ04l 
20 
29 
tlO4R 


1/0~ 
21 
28 
lI03A 


1/061. 
22 
27 
1/02Fl 


1I01L 
23 
26 
110m 


GND 
24 
25 
110., 


C132-2 


Pin Configurations 
(continued) 


52-Pin LCC/PLCC 
Top View 


76543 
2~1~525150494847 
6 5 4 3 2 ~1~48 47 46 45 44 43 


A" 
8 
46 
oe. 
7 
42 
"'" 
A•. 
9 
45 
"'" 
8 
4' 
A,. 
A". 
10 
44 
A,. 
9 
40 
A,. 


A., 
11 
43 
A,. 
'0 
39 
"'" 
A•. 
'2 
42 
"'" 
" 


38 
A.. 


"" 
'3 
7C,36 
41 
A.. 
'2 
7C132 
37 
A", 
An. 
'4 
7C'46 
40 
A". 
'3 
7C142 
36 
"'" 
Aa. 
'5 
39 
"'" 
'4 
35 
A", 


Aa. 
'6 
38 
A", 
'5 
34 
A,.,. 


VOa. 
17 
37 
A,.,. 
'6 
33 
"'" 


110" 
'8 
36 
"'" 
17 
32 
110", 


110•. 
'9 
35 
NO 
18 
3' 
va.. 


1/03'.. 
20 
34 
I/07R 
1920 212223242526 
27 28 29 30 


2'2223242526 
27 28 29 30313233 
-l...J...J 
...J...JO 
a: a: 0:: a: a: a: 


...J...J...J 
-' 0 0 
ex: a: 
0:: 
a: a: 
a: 
a: 
M 
'<J" 
It'l 
(Opo...z~'" 
N 
C") '<t 
l() 
g~g">g"'gZag'gg'g'g~g'~ 
gggggto",ggggg 
0'32-3 
C132-4 


Selection 
Guide 


7CI32-2Si3J 
7C132-30 
7C132-3S 
7C132-4S 
7C132-SS 


7C136-2S 
7C136-30 
7C136-3S 
7C136-4S 
7C136-SS 


7C142-2S 
7C142-30 
7C142-3S 
7C142-4S 
7C142-SS 


7C146-2S 
7CI46-30 
7C146-3S 
7C146-4S 
7C146-SS 


Maximum Access Time (ns) 
25 
30 
35 
45 
55 


Maximum O')rating 
Commercial 
170 
170 
120 
90 
90 
Current (mA 
Military 
170 
120 
120 


Maximum Standby 
Commercial 
65 
65 
45 
35 
35 
Current (mA) 
Military 
65 
45 
45 


Maximum 
Ratings 
(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature 
-65°Cto 
+ 150·C 
Static Discharge Voltage 
>2001V 
Ambient Temperature 
with 
(per MIL-STD-883> Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up CUrrent............................. 
>200 mA 


Supply Voltage to Ground Potential 
Operating 
Range 


(pin 48 to Pin 24) 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. . . . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.5V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
OOCto + 70°C 
5V ± 10% 


Military!4] 
- 55°C to + 125°C 
5V ± 10% 


7CI32-25, 
3013) 
7C132-35 
7CI32-45,55 


7C136-25,30 
7C136-35 
7C136-45,55 


7CI42-25,30 
7C142-35 
7CI42-45,55 


7CI46-25,30 
7C146-35 
7CI46-45,55 


I'arameter 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output 
HIGH 
Voltage 
V cc = Min., 
1011 = - 4.0 mA 
2.4 
2.4 
2.4 
V 


VOL 
Output 
LOW 
Voltage 
IOL = 4.0 mA 
0.4 
0.4 
0.4 
V 


IOL = 16.0 mAI71 
0.5 
0.5 
0.5 


VIH 
Input 
HIGH 
Voltage 
2.2 
2.2 
2.2 
V 


V'L 
Input 
LOW 
Voltage 
0.8 
08 
08 
V 


I,x 
Input 
Load 
Current 
GND~ 
V,~ 
Vcc 
-5 
+5 
-5 
+5 
-5 
+5 
fJ-A 


Ioz 
Output 
Leakage 
GND~ 
Vo~ 
Vcc, 
-5 
+5 
-5 
+5 
-5 
+5 
fJ-A 


Current 
Output 
Disabled 


Ios 
Output 
Short 
Vcc = Max., 
- 350 
- 350 
- 350 
mA 


Circuit 
CurrentlSI 
VOUT = GND 


Ice 
V cc Operating 
CE = V'L, 
Com'l 
170 
120 
90 
mA 


Supply 
Current 
Outputs 
0Fn, 
Mil 
170 
120 
[ = [MA.,,16 


IsB, 
Standby 
Current 
CEL and CER 2. VIH, 
Com'l 
65 
45 
35 
mA 


Both 
Ports, 
[ = [MA.XI6] 
Mil 
65 
45 
TTLlnouts 


Ism 
Standby 
Current 
CEL or CER 2. VIH, 
Com'l 
115 
90 
75 
mA 
One 
Port, 
Active 
Port Outputs 
Open, 
Mil 
115 
90 
TTLInouts 
[ = [MAX161 


ISB3 
Standby 
Current 
Both 
Ports 
CEL and 
Com'l 
15 
15 
15 
mA 
Both 
Ports, 
CER2. 
Vcc 
- 0.2V, 
CMOS 
Inputs 
V'N 2. V cc - 0.2V or 
Mil 
15 
15 
V'N ~ 
0.2V, [ = 0 


ISB4 
Standby 
Current 
One 
Port 
CEL or 
Com'l 
105 
85 
70 
mA 


One 
Port, 
CER2. 
Vcc 
- 0.2V, 
CMOS 
Inputs 
V'N 2. V cc - 0.2V or 
V'N~0.2V, 
Mil 
105 
85 
Active 
Port Outputs 
Open, 


[ = [MAXI6] 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input 
Capacitance 
TA = 25°C, 
[ = 1 MHz, 
15 
pF 


COUT 
Output 
Capacitance 
Vcc = 5.0V 
10 
pF 


Notes: 
5. 
See the last page of this specification 
[or Group A subgroup 
testing 


information. 


6. 
At f = fMAJ(,address 
and data inputs (except output 
enable; OE = 


V,Ll are cycling at the maximum frequency of read cycle of lit" 
and 
using AC Test Waveforms input levels of GND to 3Y. 


7. 
BUSY and INT pins only. 


8. 
Duration of the short circuit should not exceed 30 seconds. 
9. 
Tested initially and after any design or process changes that may affect 
these parameters. 
10. Test conditions assume signal transition times of 5 os or less, timing 
reference 
levels of 1.5V, input pulse levels of 0 to 3.0V and output 
loading of the specified 'OLIIOH. and 30-pF load capacilance. 


11. tLZCE,tLZWE,tHWE, tLWE. tHZCE.and t"zwE are tested witb CL = 


5pF as in part (b) of ACTest Loads. Transition 
is measured ± 500 mV 


form steady state voltage. 


12. At any given temperature 
and voltage condition, 
tllZCE is less than 


tLzcE 
for any given device. 


13. The internal ~te 
time of the memory is defined by the overJapofCE 


WW and RfW WW. Both signals must be WW to initiate a write 
and either signal can terminate 
a write by going HIGII. The data input 


setup and hold timing should be referencd 
to the rising edge of the 


signal that terminates 
the write. 


CY7C132/CY7C136 
CY7C142/CY7C146 


AC Test Loads and Waveforms 


R1893!l. 


30pFI 


INCLUDING 
JIG AND 
_ 
SCOPE 
- 
SpFI 


INCLUDING 
JIG AND 
_ 
SCOPE 
- 
_-J 


SV28 


,n 


BUSY 
OR 
iNT 


I30PF 


SV 


OUTPUT 


SV 


OUTPUT 


ALL INPUT PULSES 
3.W3r% k 
10% 
10% 


GND ~ 
.,.S"5 


BUSY 
Oulp •• Load 
(CY7CI321CY7CU' 
ONLY) 


C132-6 fII 


7C132-2513J 
7C132-30 
7C132-35 
7C132-45 
7C132-55 
7C136-25 
7C136-30 
7C136-35 
7C136-45 
7C136-55 
7C142-25 
7C142-30 
7C142-35 
7C142-45 
7C142-55 
7C146-25 
7C146-30 
7C146-35 
7C146-45 
7C146-55 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ CYCLE 


tRC 
Read Cycle Time 
25 
30 
35 
45 
55 
ns 


tAA 
Address to Data Valid 
25 
30 
35 
45 
55 
ns 


leHA 
Data Hold from 
0 
0 
0 
0 
0 
ns 
Address Change 


tACE 
CE LOW to Data Valid 
30 
30 
35 
45 
55 
ns 


tOOE 
OE LOW to Data Valid 
15 
20 
20 
25 
25 
ns 


tLZOE 
OE LOW to Low Z 
3 
3 
3 
3 
3 
ns 


tHZOE 
OE HIGH to High ZlllJ 
15 
15 
20 
20 
25 
ns 


tLZCE 
CE LOW to Low Z(12) 
5 
5 
5 
5 
5 
ns 


tHZCE 
CE HIGH to High Zlll,12) 
15 
15 
20 
20 
25 
ns 


tpu 
CE LOW to Power-Up 
0 
0 
0 
0 
0 
ns 


tpo 
CE HIGH to Power-Down 
25 
25 
35 
35 
35 
ns 


WRITE CYCLE[131 


twc 
Write Cycle Time 
25 
30 
35 
45 
55 
ns 


tSCE 
CE LOW to Write End 
20 
25 
30 
35 
40 
ns 


tAW 
Address Set-Up to Write End 
20 
25 
30 
35 
40 
ns 


tHA 
Address Hold from Write End 
2 
2 
2 
2 
2 
ns 


tSA 
Address Set-Up to Write Start 
0 
0 
0 
0 
0 
ns 


tPWE 
R/W Pulse Width 
20 
25 
25 
30 
30 
ns 


tso 
Data Set-Up to Write End 
15 
15 
15 
20 
20 
ns 


tHO 
Data Hold from Write End 
0 
0 
0 
0 
0 
ns 


tHZWE 
R/W LOW to High Z 
15 
15 
20 
20 
25 
ns 


tLzwE 
R/W HIGH to Low Z 
0 
0 
0 
0 
0 
ns 


CY7C132/CY7C136 
CY7C142/CY7C146 


7CI32-25[3j 
7C132-30 
7C132-35 
7C132-45 
7C I32-55 


7C136-25 
7C136·30 
7C136-35 
7C136-45 
7C136-55 


7C142·25 
7C142·30 
7C142-35 
7C142-45 
7C142·55 


7CI46-25 
7CI46·30 
7C146-35 
7C146-45 
7C146·55 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. I Max. 
Min. 
Max. 
Units 


BUSY/INTERRUPT 
TIMING 


tBlA 
BUSY LOW from Address Match 
20 
20 
20 
25 
30 
ns 


tBHA 
BUSY HIGH from 
20 
20 
20 
25 
30 
ns 
Address Mismatch[14] 


tBLC 
BUSY WW from CE WW 
20 
20 
20 
25 
30 
ns 


tBHC 
BUSY HIGH from CE HIGH(14j 
20 
20 
20 
25 
30 
ns 


tps 
Port Set Up for Priority 
5 
5 
5 
5 
5 
ns 


tWB[15] 
R/W LOW after BUSY WW 
0 
0 
0 
0 
0 
ns 


tWH 
R/W HIGH after BUSY HIGH 
20 
30 
30 
35 
35 
ns 


tBDD 
BUSY HIGH to Valid Data 
25 
30 
35 
45 
45 
ns 


tDDD 
Write Data Valid to 
Note 
Note 
Note 
Note 
Note 
ns 
Read Data Valid 
16 
16 
16 
16 
16 


tWOD 
Write Pulse to Data Delay 
Note 
Note 
Note 
Note 
Note 
ns 


16 
16 
16 
16 
16 


INTERRUPT 
TlMING[I7] 


tWINS 
R/W to INTERRUPT 
Set Time 
25 
25 
25 
35 
45 
ns 


tEINS 
CE to INTERRUPT 
Set Time 
25 
25 
25 
35 
45 
ns 


tiNS 
Address to INTERRUPT 
25 
25 
25 
35 
45 
ns 


Set Time 


tOINR 
OE to INTERRUPT 
25 
25 
25 
35 
45 
ns 
Reset Time[14] 


tEINR 
CE to INTERR UPT 
25 
25 
25 
35 
45 
ns 


Reset Time(14] 


tlNR 
Address to INTERRUPT 
25 
25 
25 
35 
45 
ns 


Reset Time[14) 


Notes: 
14. These parameters 
are measured 
from the input signal Changing, until 


the output 
pin goes to a high-impedance 
state. 
15. CY7C142/CY7C146 
only. 
16. A write operation 
on Port A, where Port A has priority, leaves the data 
on Port B's outputs undisturbed 
until one access time after one of the 
following: 
A. 
BUSY on Port B goes HIGH. 


B. 
Port B's address toggled. 
C. 
C~or 
Port B is toggled. 
D. 
RfW for Port B is toggled. 


17. 52-pin LCCIPLCC 
versions only. 


18. RiW is HIGH 
for read cycle. 


19. Device is continuously 
selected, 
CE = V1L and OE 
= V,L• 


20. Address valid prior to or coincident 
with CE transition 
WW 


21. If OE is WW 
during a RiW controlled 
write cycle, the write pulse 


width must be the larger of tpwE or tllzwE + tSD to allow the data 
1/0 pins to enter high impedance 
and for data to be placed on the bus 


for the required 
tSD. 


22. If the CE WW 
transition occurs simuitaneouslywith 
or after the RiW 


WW transition, 
the outputs 
remain in a high-impedance 
state. 


Switching 
Waveforms 


Read Cycle No. 1[18.191=t-~,__*_ 
PREVIOUSDA~::A:]<XXX6XJf. 
D_A_T_A_V_A_L_ID 
_ 


~Wllcnmg wavetorms 
(continued) 


Read Cycle No. 2[18,201 


Ice ---- 


158 ---- 


Read with BUSY Master: 
CY7C132 and 7C136[19] 


~e 


ADDRESS 
MATCH 


!PWE 


Either Port 


twe 


-!tiZDE? 
)))))tl 
H_IG_H_IM_P_ED_A_NC_E 
_ 


C132-10 
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Switching 
Waveforms 
(continued) 


Write Cycle No. 2(13,22) 


ADDRESSl,R 
X 
ADDRESS 
MATCH 
X 


GEL 
~"h t~~ 


GER 


BUSYR 


~lC 
~ 


C132-12 


CER Valid First: 


ADDRESSl.R 
X 
ADDRESS 
MATCH 
X 


GER 
~"b t~~ 


GEL 


BUSYl 
~lC 
~ 


C132-13 


CY7C132/CY7C136 
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III 


CE ~ 
_ 


CY7C132/CY7C136 
CY7C142/CY7C146 


Interrupt Timing Diagrams!l7] 


Left Side Sets INTR 


Right Side Clears INT R 
I 
RC 
ADDRESSRX><XXX><XXXXXXXW-R-EAD-7F-F 
-*~-- 


4iA 
~~NR 


CER 


INTR 


Right Side Sets INTL 


Left Side Clears INTL 
~ 
~c 
ADDRESSLXXXXXXXXXX 
__ 
READ7FE 


CER 
4iA 
~NR *- 


CY7C132/CY7C136 
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NORMALIZED 
SUPPLY CURRENT 


\'S. SUPPLY VOLTAGE 
1.4 


~ 
1.2 
31.0 
ow 
N:J 
<{ 
::;: 
a:o 
0.4 
z 


0.04.0 
4.5 
5.0 
5.5 


SUPPLY VOLTAGE M 


NORMALIZED 
ACCESS TIME 


\'S. SUPPLY VOLTAGE 
1.4 


.1. 1.3 
8 1.2 
N:J 
<{ 
1.1 
::;:a: 
§? 
1.0 


..•••••.... 


.......... 
TA = 25°C 
-- - 


4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE M 


TYPICAL POWER-ON 
CURRENT 


\'S. SUPPLY VOLTAGE 
3.0 
j 
2.5 
8 20 
N:J 
~ 
1.5 


a: 
§? 
1.0 
/ 
- 
/ 


0.5 


0.0 o 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY VOLTAGE M 


NORMALIZED 
SUPPLY CURRENT 


\'S. AMBIENT 
TEMPERATURE 


1.2 


() 
.2 0.8 
ow 
~ 
0.6 
<{ 
~ 
0.4 
oz 


0.6 
-55 
25 
125 


AMBIENT 
TEMPERATURE 
(0C) 


.1. 1.4 
o 
wN 
1.2 
:J 
<{ 
::;:gj 
1.0 
z 


0.6 


-55 
25 
125 


AMBIENT 
TEMPERATURE 
(0C) 


TYPICAL ACCESS TIME CHANGE 


\'S. OUTPUT 
LOADING 


30.0 


(i) 
£20.0 
J 
f3 15.0 
w010.0 


OUTPUT 
SOURCE 
CURRENT 


_ 
\'S. OUTPUT 
VOLTAGE 


:[ 120 


I-z 100 
wa:a::J 
U 
wU 
a::J0 
40 
en 
I-:J 
20 
11.I-:J 
0 
0 
0 
1.0 
2.0 
3.0 


OUTPUT VOLTAGE M 


OUTPUT 
SINK CURRENT 


\'S. OUTPUT 
VOLTAGE 
« 140 
.s 120 
I-z 
~ 
100 
a:a 
80 
~z 
60 
iii 


~ 
40 
11. 
~ 
20 
o 


-.B 


8 
1.0 
N:J 
<{ 
::;: 
a: 
§? 0.75 


Vcc = 5.0V 
TA = 25°C 
V1N = 0.5V 


0.50 
10 
20 
30 
40 


CYCLE 
FREQUENCY 
(MHZ) 


• 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


25 
CY7C132-25LC 
L68 
Commercial 


30 
CY7C132-30PC 
P25 
Commercial 


CY7C132-30DC 
D26 


CY7C132-30LC 
L68 


35 
CY7C132-35PC 
P25 
Commercial 


CY7C132-35DC 
D26 


CY7C132-35LC 
L68 


CY7C132-35DMB 
D26 
Military 


CY7C132-35LMB 
L68 


45 
CY7C132-45PC 
P25 
Commercial 


CY7C132-45DC 
D26 


CY7C132-45LC 
L68 


CY7C132-45DMB 
D26 
Military 


CY7C132-45LMB 
L68 


55 
CY7C132-55PC 
P25 
Commercial 


CY7C132-55DC 
D26 


CY7C 132-55LC 
L68 


CY7C132-55DMll 
D26 
Military 


CY7C132-55LMB 
L68 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
'IYpe 
Range 


25 
CY7C136-25LC 
L69 
Commercial 


CY7C136-25JC 
J69 


30 
CY7C136-30LC 
L69 
Commercial 


CY7C136-30JC 
J69 


35 
CY7C136-35LC 
L69 
Commercial 


CY7C136-35JC 
J69 


CY7C136-35LMll 
L69 
Military 


45 
CY7C136-45LC 
L69 
Commercial 


CY7C136-45JC 
J69 


CY7C136-45LMll 
L69 
Military 


55 
CY7C136-55LC 
L69 
Commercial 


CY7C136-55JC 
J69 


CY7C136-55LMB 
L69 
Military 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


25 
CY7C 142-25LC 
L68 
Commercial 


30 
CY7C142-30PC 
P25 
Commercial 


CY7C142-30DC 
D26 


CY7C142-30LC 
L68 


35 
CY7C142-35PC 
P25 
Commercial 


CY7C142-35DC 
D26 


CY7C142-35LC 
L68 


CY7C142-35DMll 
D26 
Military 


CY7C142-35LMB 
L68 


45 
CY7C142-45PC 
P25 
Commercial 


CY7C142-45DC 
D26 


CY7C142-45LC 
L68 


CY7C142-45DMB 
D26 
Military 


CY7C142-45LMB 
L68 


55 
CY7C142-55PC 
P25 
Commercial 


CY7C142-55DC 
D26 


CY7C142-55LC 
L68 


CY7C 142-55DMll 
D26 
Military 


CY7C142-55LMll 
L68 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


25 
CY7Cl46-25LC 
L69 
Commercial 


CY7Cl46-25JC 
J69 


30 
CY7Cl46-30LC 
L69 
Commercial 


CY7Cl46-30JC 
J69 


35 
CY7Cl46-35LC 
L69 
Commercial 


CY7Cl46-35JC 
J69 


CY7Cl46-35LMI3 
L69 
Military 


45 
CY7Cl46-45LC 
L69 
Commercial 


CY7Cl46-45JC 
J69 


CY7Cl46-45LMB 
L69 
Military 


55 
CY7Cl46-55LC 
L69 
Commcrcial 


CY7Cl46-55JC 
L69 


CY7Cl46-55LMll 
L69 
Military 


CY7C132/CY7C136 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1LMax. 
1,2,3 


I", 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


Isal 
1,2,3 


ISa2 
1,2,3 


Isa3 
1,2,3 


ISB4 
1,2,3 


Parameters 
Subgroups 


BUSY/INTERRUPT 
TIMING 


talA 
7, 8, 9, 10, 11 


taHA 
7, 8, 9, 10, 11 


taLC 
7, 8, 9, 10, 11 


taHc 
7, 8, 9, 10, 11 


tps 
7, 8, 9, 10, 11 


tWINS 
7, 8, 9, 10, 11 


tEINS 
7, 8, 9, 10, 11 


tINS 
7, 8, 9, 10, 11 


tolNR 
7, 8, 9, 10, 11 


tElNR 
7, 8, 9, 10, 11 


t1NR 
7, 8, 9, 10, 11 


BUSY TIMING 


tWB123] 
7, 8, 9, 10, 11 


tWH 
7, 8, 9, 10, 11 


taoo 
7, 8, 9, 10, 11 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


tACE 
7,8,9,10,11 


tDOE 
7, 8, 9, 10, 11 


WRITE 
CYCLE 


twc 
7, 8, 9, 10, 11 


tSCE 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


tso 
7, 8, 9, 10, 11 


tHO 
7, 8, 9, 10, 11 


Note: 
23. CY7C142/CY7C146 
only. 


• 


CY7B134 
CY7B135 
CY7B1342 
---- ~-~ 
~ 
PRELIMINARY 


Ofjj 'CYPRESS 
° 
F 
SEMICONDUCTOR 
4K x 8 Dual-Port 
Static RAMs 


and 4K x 8 Dual-Port 
Static RAM with Semaphores 


Features 


• 
0.8-micron BiCMOS for high 
performance 


• 
High-speed access 
- 
20 ns (commercial) 


- 
25 ns (military) 


• 
Automatic power-down 
• 
Fully asynchronous 
operation 
• 
7B1342 includes semaphores 


• 
7B134 available in 48-pin DIP, 48-pin 
LCC 


• 
7B135/7B1342 available in 52-pin 
LCC/pLCC 


Logic Block Diagram 


RiW, 


Functional 
Description 


The CY7B134, CY7B135, and CY7B1342 
are high-speed BiCMOS 4K x 8 dual-port 
static 
RAMs. 
The 
CY7B1342 
includes 
semaphores that provide a means to allo- 
cate portions of the dual-port RAM or any 
shared resource. Two ports are provided 
permitting independent, asynchronous ac- 
cess for rcads and writes to any location in 
mcmory. Application areas include inter- 
processor/multiprocessor 
designs, 
com- 
munications 
status buffcring, 
and dual- 
port video/graphics memory. 


Each port has independent 
control pir:g;: 
chip enable (CE), read or write enable (R/ 
Vi), 
and 
output 
enable 
(OE). 
The 
CY7B1341135 are suited for those systems 


SEMAPHORE 
ARBITRATION 
(781342 
only) 


that do not require on-chip arbitration or 
are intolerantofwait 
states. Therefore, the 


user must be aware that simultaneous 
ac- 
cess to a location is possiblc. Semaphores 
arc offered on the CY7B1342 to assist in 
arbitrating between ports. The semaphore 
logic is comprised of eight shared latches. 
Only one side can control the latch (scma- 
phore) at any time. Control 
of a sema- 


phore indicates that a shared resource 
IS III 


use. An automatic power-clown feature 
IS 


controlled indepenclently on each port by 
a chip 
enable 
(CE) 
pin 
or 
SEM 
pin 


(CY7B1342 only). 
The CY713l34 is available in 48-pin DIP 
ancl 48-pin Lee. 
The 
CY7B135 
ancl 


CY7B1342 arc available in 52-pin LCe! 
PLee. 


71ll34-20 
7B134-25 
71l134-35 
7B135-20 
7B135-25 
7Bl35-35 
7B1342-20 
7B1342-25 
7B1342-35 


Maximum Access Time (ns) 
20 
25 
35 


Maximum Operating 
Commercial 
240 
220 
210 


Current (mA) 
Military 
280 
250 


Maximum Standby 
Commercial 
80 
75 
70 


Current (mA) 
Military 
80 
75 


CY7B134 
CY7B135 
CY7B1342 


DIP 
Top View 
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Pin Definitions 


LCC 
Top View 


...J...J 
;:!I~...Jo a:Rf a: a::uf 
RI~.2- nl~~I~ ';? 1.£J90 


Left Port 
Right 
Port 
Description 


AoL-llL 
AoR-llR 
Address Lines 


CEL 
CER 
Chip Enable 
OEL 
OER 
Output Enable 


R/WL 
R/WR 
Read/Write Enable 


SEML 
SEMR 
Semaphore 
Enable. When asserted LOW, allows access to eight semaphores. 
The three 
(CY7B1342 only) 
(CY7B1342 only) 
least significant bits of the address lines will determine which semaphore 
to write or read. 


The I100 pin is used when writing to a semaphore. 
Semaphores 
are requested by writing 


a 0 into the respective location. 


.. 
-; ~PRF.SS 
-? 
SEMICONDUCTOR 


CY7B134 
CY7B135 
CY7B1342 


Maximum 
Ratings 
(Above which the useful life may bc impaired. For user guidelines, 
not tested.) 


Storage Temperature 
Ambient Temperature 
with 


Power Applied 
.. .. .... 
.. .. 
. ... 
- 55°C to + 125°C 


Supply Voltage to Ground Potential 
(Pin 48 to Pin 24) 
. 


DC Voltage Applied to Outputs 
in High Z State 
. 


DC Input Voltage"l 
- 0.5V to + 7.0V 
- 3.0V to + 7.0V 


Static Discharge Voltage 
(per MIL-STD-883, Method 3015) 
Latch-Up Current. 
Operating 
Range 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Industrial 
_40°C to +85°C 
5V ± 10% 


Militaryl2] 
-55°C to + 125°C 
5V ± 10% 


78134-20 
78134-25 
78134·35 
78135·20 
78135-25 
78135·35 
781342-20 
781342·25 
781342-35 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOII 
Output HIGH Voltage 
Vcc = Min., 1011 = -4.0 mA 
2.4 
2..4 
2..4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 4.0 mA 
0.4 
0.4 
0.4 
V 


VII' 
Input HIGH Voltage 
2.2 
2.2 
2.2 
V 


V'L 
Input LOW Voltage 
0.8 
0.8 
0.8 
V 


I,x 
Input Load Current 
GND ::::;V, ::::;Vcc 
-10 
+10 
-10 
+10 
-10 
+ 10 
j.lA 


Ioz 
Output Leakage Current 
Outputs Disabled, 
-10 
+10 
-10 
+10 
-10 
+10 
j.lA 


GND::::;Vo::::;Vcc 


Ice 
Operating 
Current 
Vce = Max., 
Com'l 
240 
220 
210 
mA 


lOUT= 0 mA 
Mil 
280 
250 


Iso, 
Standby Current 
CEL and CER ~ 
VII" 
Com'l 
80 
75 
70 
mA 


(Both Ports TTL Levels) 
f = fMAXPI 
Mil 
80 
75 


Iso, 
Standby Current 
CEL and CER ~ 
VlJI, 
Com'l 
150 
140 
130 
mA 


(One Port TTL Level) 
f = fMAXl31 
Mil 
180 
160 


Ism 
Standby Current 
Both Ports 
Com'l 
15 
15 
15 
mA 
(Both Ports CMOS Levels) 
CE and CER~ Vee - 0.2v, 
V1N~ 
Vee - O.2V 
Mil 
or V'N .s. 0.2V, f = 0(3) 
30 
30 


Is04 
Standby Current 
One Port 
Com'l 
130 
120 
110 
(One Port CMOS Level) 
CELorCER~ 
Vec-0.2V, 
mA 


V1N~ 
Vee - 0.2V or 
V1N.s. 0.2V, Active 
Mil 
Port Outputs, f = fMAXP] 
150 
130 


Parameters 
Description 
Test Conditions 
Max.16] 
Units 


C'N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vcc = 5.0V 
10 
pF 


Notes: 
1. 
Pulsewidth < 20 ns. 


2. 
TA is the "instant 
on" 
C;lse 
temperature. 


3. 
fMAX= litRe = Aliinpuiscyclingol f = I/t"C<exceptoutpul enable). 
f = 0 meas no address or control 
lines chnnge. This applies only to 
inputs at CMOS levelstandby Isn3. 


4. 
See the last page of this specification 
for Group A subgroup 
testing 


information. 
5. 
lested 
initially 
and after any design or process changes Ihalmay 
affect 


these parameters. 
6. 
Forall packagesexceptDIP and cerDIP(D26, P2S),whichhavemaxi- 
mumsof C'N = IS pF, COUT= IS pF. 


.-?~ 
-==-? 
SEM!CO'iDUCfCR 


AC Test Loads and Waveforms 
-:~:r-i::::: 


CY7B134 
CY7B135 
CY7B1342 


RTH = 2son 


OUTPUT ::TI 


C=30pF I 
! 


Ani = 250ft 


OUTPUT :=-TI 


C=5PF1 
! 


_ 
v. 


r 
R1 = 280n 


OUTPUT --iI 
C=30pF 


78134-20 
78134-25 
78134-35 


78135-20 
78135-25 
78135-35 


781342-20 
781342-25 
781342-35 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
TMax. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
20 
25 
35 
ns 


tAA 
Address 
to Data 
Valid 
20 
25 
35 
ns 


tOIlA 
Output 
Hold 
From 
Address 
Change 
3 
3 
3 
ns 


tACE 
CE 
LOW 
to Data 
Valid 
20 
25 
35 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
13 
15 
20 
ns 


tLWE(9j 
OE 
Low 
to Low Z 
3 
3 
3 
ns 


t1lWE[91 
OE 
HIGH 
to High Z 
13 
15 
20 
ns 


tLZCE[9] 
CE LOW 
to Low Z 
3 
3 
3 
ns 


t1lZCE(91 
CE HIGH 
to High Z 
13 
15 
20 
ns 


tpu 
CE LOW 
to Power 
Up 
0 
0 
0 
ns 


tl'D 
CE HIGH 
to Power 
Down 
20 
25 
35 
ns 


WRITE 
CYCLE 


twc 
Write 
Cycle 
Time 
20 
25 
35 
ns 


tSCE 
CE 
LOW 
to Write 
End 
15 
20 
30 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
15 
20 
30 
ns 


tHA 
Address 
Hold 
From 
Write 
End 
2 
2 
2 
ns 


tSA 
Address 
Setup 
to Write 
Start 
0 
0 
0 
ns 


tpwE 
Write 
Pulse 
Width 
IS 
20 
25 
ns 


tSD 
Data 
Set-up 
to Write 
End 
13 
15 
15 
ns 


tllD 
Data 
Hold 
From 
Write 
End 
0 
0 
0 
ns 


tHZWE(91 
R/W 
LOW 
to High Z 
13 
15 
20 
ns 


tLzwEI91 
R/W 
HIGH 
to Low Z 
3 
3 
3 
ns 


CY7B134 
CY7B135 


CY7B1342 


7B134-20 
7B134-25 
7B134-35 


7Bl35-20 
7B135-25 
7B135-35 


7B1342·20 
7B1342-25 
7B1342-35 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
I Max. 
Units 


WRITE 
CYCLE 
(continued) 


tWDDl101 
Write 
Pulse 
to Data 
Delay 
40 
50 
60 
ns 


tDDD1lOi 
Write 
Data 
Valid to Read 
Data 
Valid 
30 
I 
30 
35 
ns 


SEMAPHORE 
TlMINCllll 


tsop 
SEM 
Flag 
Update 
Pulse 
(OE 
or SEM) 
10 
10 
15 
ns 


tswRD 
SEM 
Flag 
Write 
to Read 
Time 
5 
5 
5 
ns 


tsps 
SEM 
Flag 
Contention 
Window 
5 
5 
5 
ns 


Notes: 
7. 
See the last page of this specification 
for Group A subgroup 
testing 
information. 


8. 
Test conditions assume signal transition time of 3 os or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified 
IOLIIolI 
and 30 pF load copac;tance 


9. 
Test conditions used are Load 3 


10. For information 
on port-to-port 
delay through 
RAM cells from writ- 


ing port to reading port, refer to Read Timing with Port-toPort 
Delay 


waveform. 
11. Semaphore 
timing applies only to CY7Bl342. 


12. RrW is HIGH for read cycle. 
13. Device is continuously 
selected, 
CE = V1L and OE = V1L. 


14. Address valid prior to or coincident 
with CE transition 
LOW 


Switching 
Waveforms 


Read 
Cycle 
No. 
1(12.13J 


Either 
Port 
Address 
Access 


=t~ ~,__ *_ 


PREVIOUS DATAVA;tXXX~ 
D_A_T_A_V_A_L_ID 
_ 


tPD~ 


1342-'2 


CY7B134 
CY7B135 
CY7B1342 


tso ----. 
••01'••••>- tHOj 


DATA VALID 
:1-------- 
~= 
f_tHZOE 
-~~ 
","= 
~) 
>~ 
",G",""D"q; 
~~~~~_ 
---E 


Note: 
15. CEL 
= CER 
= LOW; RN.\ = IIlGI I 


16. The intern;)1 write tim~f 
the melllory isdefined by the overlap oreE 


or SEM LOW ond RIW 
Law. 
130th signols must be LOW to initiote 


a write (Ind either 
signal can terminate 
a write by going 
HIGH. 
The 
data input set-up and hold timing 
should be referenced 
to the rising 


edge of the signal that terminates 
the write. 


17. RIW must be IIIGII 
during oil oddress trOns.lctions. 


18. If OE is LOW during a RIW controlled 
write cycle. the write pulse 


width must be the lorger of tpwE or (tI\ZWE + tso) to allow the 110 
drivers-.!.Q..turn off and data to ~ 
placed on the bus for the requirctl 


Iso· If OE is IIIGH during a RIW controlled 
write cycle (os in this ex- 


ample), 
this requirement 
does not apply and the write pulse C:lIl be tIs 


short as the specified IpWE' 


19. SEM only applies to CY7131342 


Switching Waveforms 
(continued) 


Write Cycle No.2: R/W Tri-States Data 1/05 (Either Port)[11·201 


~~EB 
»»»»»»» 


~E-{ 


HIGH IMPEDANCE 
4*~(~(~(~(~l 


Notes: 
20. Data 
110 pins enter 
high-impedance 
when OE is held LOW during 
write. 


21. CE = HIGH for the duration of the above timing(both 
write and read 


cycle). 


Switching Waveforms 
(continued) 


Timing 
Diagram 
of Semaphore 
Contention 
(CY7111342 
only)I22,23,24] 


Aol-AZl 
M_AT_C_H 
X 
_ 
-E-tsps 
-- 
• 


Notes: 
22, I/OoR 
= I100L 
= LOW (request semaphore); 
CER = CEL = HIGH 


23. Semaphores 
are reset (available 
to both ports) at eycle start. 


CY7B134 
CY7B135 
CY7B1342 


Architecture 


The CY7B134 and CY7B135 consist of an array of 4K words of 8 
bits each of dual:I22Ft RAM cells, 1I0 and address lines, and con- 
trol signals (CE, OE, R/W). 1"'0 semaphore control pins exist for 
the CY7B1342 (SEMuR). 


Functional 
Description 


Write Operation 


Data must be set up for a duration of tSDbefore the rising edge of 
R/W in order to guarantee a valid write. Since there is no on-chip 
arbitration, the user must be sure that a specific location will not 
be accessed simultaneously by both ports or erroneous data could 
result. A write operation 
is controlled by either the OE pin (see 
Write Cycle No.1 timing diagram) or the R/W pin (see Write~Ie 
No.2 timing diagram). Data can be written tllZQEafter the OE is 
deasserted or t"zwE after the falling edge ofR/W. Required inputs 
for write operations 
are summarized in Table 1. 


If a location is being written to by one port and the opposite port 
attempts 
to read the same location, a port-to-port 
fJowthrough 


delay is met before the data is valid on the output. Data willbe valid 
on the port wishing to read the location tDDDafter the data is pres- 
ented on the writing port. 


Read Operation 


When reading the device, the user must assert both the OE and 
CE pins. Data will be available tACEafter CE or tDOEafter OE are 
asserted. If the user of the CY7B1342 wishes to access a sema- 
phore, the SEM pin must be asserted instead of the CE pin. Re- 
quired inputs for read operations are summarized in Table 1. 


Semaphore 
Operation 


Thc CY7B1342 provides eight semaphore latches which are sepa- 
rate from the dual port memory locations. Semaphores 
are used 
to rcserve resources which are shared between the two ports. The 
state of the semaphore indicates that a resource is in use. Forexam- 
pie, if the left port wants to request a given resource, it sets a latch 
by writing a zero to a semaphore 
location. The left port then veri- 


fies its success in setti~e 
latch by reading it. After writing to the 
semaphore, 
SEM or OE must be deasserted for tsop before at- 


tempting to read the semaphore. 
The semaphore 
value will be 
available tswRD + tOOEafter the rising edge of the semaphore 
write. If the left port was successful (reads a zero), it assumes con- 
trol over the shared resource, otherwise (reads a one) it assumes 
the right port has control and continues to poll thc semaphore. 
When the right side has relinquished control of the semaphore (by 
writing a one), the left side will succeed in gaining control of the 
semaphore. If the left side no longer requires the semaphore, a one 
is written to cancel its request. 


.Semaphores 
are accessed by asserting SEM LOW. The SEM pin 


functions as a chip enable for the semaphore latches. CE must re- 
main HIGH during~M 
LOW. Ao-2represents 
the semaphore 
address. OE and R/W are used in the same manner as a normal 
memory access. When writing or reading a semaphore, 
the other 


address pins have no effect. 


When writing to the semaphore, only VOo is used. If a 0 is written 
to the left port of an unused semaphore, 
a one will appear at the 
same semaphore 
address on the right port. That semaphore can 


now only be modified by the side showing a zero (the left port in 


this case). If the left port now relinquishes control by writing a one 
to the semaphore, the semaphore will be set to onc for both sidcs. 
However, if the right port had requested the semapharc 
(written 
a zero)while the left port had control, the right port would immedi- 
ately own the semaphore. 
Table 2 shows sample semaphore opera- 


tions. 


When reading a semaphore, 
all eight data lines output the sema- 


phore value. The read value is latched in an output register to pre- 
vent the semaphore 
from changing state during a write from the 
other port. If both ports request a semaphore 
control by writing 
a 0 to a semaphore within tsps of each other. it is guarantced 
that 
only one side will gain access to the semaphore. 


Inputs 
Outputs 


CE 
R/W 
OE 
SEM 
1/00 - 1/07 
Operation 


H 
X 
X 
H 
High Z 
Power-Down 


H 
H 
L 
L 
Data Out 
Read DatalN 
Semaphore 


X 
X 
H 
X 
High Z 
VO Lines Disabled 


H 
--r 
X 
L 
Data In 
Write to Semaphore 


L 
H 
L 
H 
Data Out 
Rcad 


L 
L 
X 
H 
Data In 
Write 


L 
X 
X 
L 
Illegal Condition 


1/00 
1/00 
Function 
Left 
Right 
Status 


No Action 
1 
1 
Semaphore 
free 
Left port writes 
0 
1 
Left port obtains 
semaphore 
scmaphore 


Right port writcs 0 
0 
1 
Right side is denied 


to semaphore 
access 


Left port writes 1 to 
1 
0 
Right port is granted 
semaphore 
access to Semaphore 


Left port writes 0 to 
1 
0 
No change. Left port 
semaphore 
is denied access 


Right port writes 1 
0 
1 
Left port obtains 


to semaphore 
scmaphore 


Left port writes 1 to 
1 
1 
No port accessing 


semaphore 
semaphore 
address 


Right port writes 0 
1 
0 
Right port obtains 


to semaphore 
semaphore 


Right port writes 1 
1 
1 
No port accessing 


to semaphore 
semaphore 


Left port writes 0 to 
0 
1 
Left port obtains 
semaphore 
semaphore 


Left port writes 1 to 
1 
1 
No port accessing 
semaphore 
semaphore 


CY7B134 
CY7B135 
CY7B1342 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


20 
CY7B134-20PC 
P25 
Commercial 


CY713I34-20DC 
D26 


CY7B134-20LC 
L68 


25 
CY7B134-25PC 
P25 
Commercial 


CY713l34-25DC 
026 


CY713l34-25LC 
L68 


CY713134-25PI 
P25 
Industrial 


CY7B134-25DI 
D26 


CY7B134-25DMI3 
D26 
Military 


CY7B134-25LMI3 
L68 


35 
CY7I3134-35PC 
P25 
Commercial 


CY7B134-35DC 
D26 


CY7I3134-35LC 
L68 


CY7I3lJ4-35PI 
P25 
Industrial 


CY7B134-35DI 
D26 


CY7nJ34-35 DMB 
D26 
Military 


CY7B134-35LMB 
L68 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


20 
CY7B135-20LC 
L69 
Commercial 


CY7B135-2OJC 
J69 


25 
CY7I3135-25LC 
L69 
Commercial 


CY7B135-25JC 
J69 


CY7nJ35-25Jl 
J69 
Industrial 


CY713135-25LMI3 
L69 
Military 


35 
CY7B135-35LC 
L69 
Commercial 


CY7B135-35JC 
J69 


CY7B135-35JI 
J69 
Industrial 


CY7B135-35LMB 
L69 
Military 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


20 
CY7131342-20LC 
L69 
Commercial 


CY7B1342-20JC 
J69 


25 
CY7131342-25LC 
L69 
Commercial 


CY7B1342-25JC 
J69 


CY7B 1342-25Jl 
J69 
Industrial 


CY7111342-25LM13 
L69 
Military 


35 
CY7I31342-35LC 
L69 
Commercial 


CY7I31342-35JC 
J69 


CY7131342-35JI 
J69 
Industrial 


CY7B1342-35LMB 
L69 
Military 


MILITARY 
SPECIFICATIONS 
Group 
A Subgroup 
Testing 


DC Characteristics 


Parameters 
Subgroups 


VOIl 
1,2,3 


VOL 
1,2,3 


V,H 
1,2,3 


V,L Max. 
1,2,3 


I,x 
1,2,3 


Ioz 
1,2,3 


Ios 
1,2,3 


Icc 
1,2,3 


Iso, 
1,2,3 


ISD2 
1,2,3 


Iso] 
1,2,3 


Isl).l 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


lallA 
7, 8, 9, 10, 11 


tACE 
7, 8, 9, 10, 11 


tDOE 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tSCE 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


tso 
7, 8, 9, 10, 11 


tHO 
7, 8, 9, 10, 11 


SEMAPHORE 
CYCLE 


tsoo 
7, 8, 9, 10. 11 


lSWRD 
7, 8, 9, 10, 11 


tsps 
7, 8, 9, 10, 11 


• 


•--.~"I CYPRESS 
F 
SEMICONDUCTOR 
4K x 8 Dual-Port 
Static RAM 
with Sem, Int, Busy 


Each port h~depcndent 
control pins: 


chip enable (CE), read or write enable 
(RiW), and output enable (OE). Two flags 
~rovided 
on each port (BUSY and 
lNT). BUSY signals that the port is trying 
to access the same location currently being 
accessed by the other port. The interrupt 
flag (lNT) 
permits 
communication 
be- 
tween ports or systems by means of mail 
box or message center. The semaphores 
are used to pass a flag, or token, from one 
port to the other to indicate that a shared 
resource is in use. The semaphore 
logic is 


comprised 
of eight shared 
latches. Only 


one side can control the latch (semaphore) 
at any time. Control of a semaphore 
indi- 
cates that a shared resource is in use. An 
automatic 
power-down 
feature 
is con- 
trolled independently 
on each port by a 


chip enable (CE) pin or SEM pin. 
The CY7B138 is available in 68-pin LCCs, 
PLCCs, and PGAs. 


Functional Description 


The CY7B138 is a high-speed BiCMOS 
4K x 8 dual-port static RAM. Various arbi- 
tration 
schemes 
are 
included 
on 
the 
CY711138to handle situations when multi- 
ple processors 
access the same piece of 
data. Two ports are provided permitting in- 
dependent, 
asynchronous access for reads 
and writes to any location in memory. The 
CY713138 can be utilized as a standalone 
64-Kbit dual-port static RAM or multiple 
devices can be combined in order to func- 
tion 
as a 16-bit or wider 
master/slave 
dual-port static RAM. An M/S pin is pro- 
vided for implementing 
16-bit or wider 
memory applications without the need for 
separate master and slave devices or addi- 
tional discrete logic. Application areas in- 
clude 
interprocessor/multiprocessor 
de- 
signs, communications 
status 
buffering, 
and dual-port video/graphics memory. 


Features 


• 
O.8-micron BiCMOS for high per- 
formance 
• 
High-speed access 
- 
IS ns (com'l) 
- 
25 ns (mil) 


• 
Automatic power-down 
• 
Fully asynchronous 
operation 
• 
Master /Slave select pin allows bus 
width expansion to 16 bits or more 
• 
Busy arbitration 
scheme provided 
• 
Semaphores 
included to permit soft- 
ware handshaking 
between ports 
• 
INT flag for port-to-port 
communica- 
tion 
• 
Available in 68-pin LCC/PLCC/PGA 
• 
TTL compatible 


liOn 


1I0a.. 


BUSYl 


Aq ··· 
Aq 


51 
50 
48 
46 
44 
42 
40 
38 
36 


A•• 
A., 
A" 
Aa. 
BUSY 
Mis 
Mil 
A" 
Ac.. 


53 
52 
49 
47 
45 
43 
41 
39 
37 
35 
34 


An. 
Aa. 
A,. 
A" 
ML 
GND 
BUSY 
Ac.. 
A", 
A., 
A", 
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33 
•... 
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A", 
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31 


A1\l 
A,,, 
A." 
A." 
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Vcc 
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A,,,, 
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60 
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NC 
NC 
GND 
NC 
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25 


SEML 
CE.. 
NC 
NC 
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23 
DE, 
ANi, 
SEMR 
CE" 
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66 
20 
21 


110" 
NC 
OE" 
ANi, 


68 
1 
3 
5 
7 
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11 
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'5 
18 
19 


I/Oll 
110" 
l/04L 
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VOll 
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VCC 
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NC 
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8 
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14 
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17 
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....•...J 
...J 
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Z 0 
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9 8 
7 6 
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3 
2 
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IIOa. 
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60 
A•• 


1/031.. 
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59 
A., • 


IIO~ 
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56 
A•. 


110•• 
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57 
A" 


GND 
14 
56 
A" 


1/061.. 
15 
55 
Aa. 


lIOn. 
16 
54 
Ml 


Vcc 
17 
7B138 
53 
BUSYl 


GND 
'8 
52 
GND 


IIOOR 
'9 
51 
Mis 


110" 
20 
50 
BUSYR 


110", 
21 
49 
Mil 


Vcc 
22 
48 
A." 


I/OJA 
23 
47 
A" 


110•• 
24 
46 
A", 


110", 
25 
45 
Ac.. 


I/OGR 
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44 
A., 
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Left Port 
Right Port 
Description 


1/00L-7L 
1/00R_7R 
Data Bus Input/Output 


AoL-lIL 
AoR-lIR 
Address Lines 


CEL 
CER 
Chip Enable 


OEL 
OER 
Output Enable 


R/WL 
R/WR 
Read/Write Enable 


SEML 
SEMR 
Semaphore Enable. When asserted LOW; allom; access to eight semaphores. 
The three least significant bits of the address lines will determine which sema- 
phore to write or read. The 1/00pin is used when writing to a semaphore. 
Semaphores 
are requested by writing a 0 into the respective location. 


INTL 
INTR 
Interrupt Flag. !NT Lis set when riW1.29rt writes location FFE and is cleared 
when left port reads location FFE. INT Ris set when left port writes location 
FFF and is cleared when right port reads location FFF. 


BUSYL 
BUSYR 
Busy Flag 


M/S 
Master or Slave Select 


Vcc 
Power 


GND 
Ground 


78138-15 
78138-25 
78138-35 


Maximum Access Time (ns) 
15 
25 
35 


Maximum Operating 
Commercial 
260 
220 
210 
Current (mA) 
Military 
280 
250 


Maximum Standby 
Commercial 
90 
75 
70 
Current (mA) 
Military 
80 
75 


Maximum 
Ratings 
(Above which the uscfullile 
may be impaired. For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150· °c 


Ambient Temperature 
with 


Power Applied 
. 


Supply Voltage to Ground Potential .. 


DC Voltage Applied to Outputs 
in High Z State. . 
- O.5V to + 7.0V 


DC Input Voltage[IJ .... 
. . 
- 3.5V to + 7.0V 


Output Current into Outputs (LOW) . . . . . . . 
. 
20 mA 


Static Discharge Voltage 
, 
>200IV 


(per MIL-STD-883, Method 3015) 


Latch-Up Current 
. 


- 55°C to + 125°C 


- 0.5V to + 7.0V 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Industrial 
_40°C to + 85°C 
5V ± 10% 


Military[2] 
.. 55°C to + 125°C 
5V ± 10% 


78138-15 
78138-25 
78138-35 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max, 
Unit 


VOII 
Output HIGH Voltage 
Vee = Min., 1011 = -4.0 mA 
2.4 
2..4 
2..4 
V 


VOL 
Output LOW Voltage 
Vcc = Min.,loL 
= 4.0 mA 
0.4 
0.4 
0.4 
V 


VlH 
Input HIGH Voltage 
2.2 
2.2 
2.2 
V 


VIL 
Input LOW Voltage 
0.8 
0.8 
0.8 
V 


I,x 
Input Leakage Current 
GND < VI < Vee 
-10 
+10 
-10 
+10 
-10 
+10 
I-lA 


loz 
Output Leakage Current 
Output Disabled, GND < Vo < Vee 
-10 
+10 
-10 
+10 
-10 
+10 
I-lA 


Ice 
Operating Current 
Vee = Max., 
Com'l 
260 
220 
210 
mA 


lOUT= 0 mA, 
Mil/Ind 
280 
250 
Outputs Disabled 


ISBI 
Standby Current 
CEL and CER 2. Vm, 
Com'l 
90 
75 
70 
mA 
(Both Ports TTL Levels) 
1= 
IM"",,PJ 
Mil/lnd 
80 
75 


ISB2 
Standby Current 
CEL and CER 2. VlH, 
Com'l 
160 
140 
130 
mA 


(One Port TTL Level) 
1= 
IM,,,,,[3J 
Mil/Ind 
180 
160 


ISB3 
Standby Current 
Both Ports 
Com'l 
15 
15 
15 
mA 
(Both Ports CMOS Levels) 
CE and CER2. Vee-0.2V, 
VIN2. Vec - 0.2V 
Mil/Ind 
30 
30 
or V1N~ 
0.2V, f = 0[31 


ISB4 
Standby Current 
One Port 
Com'l 
140 
120 
no 
mA 
(One Port CMOS Levels) 
CEL or CER2. Vec - 0.2y, 
V1N2. Vec .. 0.2V or 
Mil/Ind 
150 
130 
V1N~ 
0.2V, Active 
Port Outputs, 1 = IMAX[31 


Notes: 
I. 
PuIsewidth < 20 ns. 


-2. 
TA is the "instant 
on" case temperature. 
3. 
IMAX= litRe = Allinputscyclingat f = lItRc(except output enable). 
f = 0 meas no address or control lineschange. This oppliesonlyto 
inputs at CMOS levelstandby IsB3. 


4. 
See the last page of this specificationfor Group A subgroup testing 
information. 
5. 
Tested initially and after any design or process changes that may affect 
these parameters. 


Parameters 
Description 
Test Conditions 
Max, 
Unit 


C1N 
Input Capacitance 
TA = 25°C, f = I MHz, 
10 
pF 


COUT 
Output Capacitance 
Vec = 5.0V 
15 
pF 


AC Test Loads and Waveforms 
:rl 


5 


V 


R1 = 893.0. 


OUTPUT 


C = 3DpF I 
Rl 
= 347.0. 


- 
- 
- 
- 


RTH = zSOSl 


OUTPUT 
~ 


C = 3DpF I. 
!V~ = 1.4V 


(a) Th~.enin Equivalent (Load I) 


OUTPUT :xl 


C = 5pF 1 


~ 
V'!l. 


r Rl = 2eon 


OUTPUT --i 


IC=30PF 


3.0V~ 
90% 


10% 


GND 
.s..3ns 
....• 
k: 


10% 


.s..3 ns 


7B138-15 
7B138-25 
711138-35 


Parameters 
Description 
Min. I Max. 
Min. 
Max. 
Min. 
Max. 
I 
Unils 


READ CYCLE 


tRC 
Read Cycle Time 
15 
25 
35 
ns 


tAA 
Address to Data Valid 
15 
25 
35 
ns 


tOIlA 
Output Hold From Address Change 
3 
3 
3 
ns 


lACE 
CE LOW to Data Valid 
15 
25 
35 
ns 


tOOE 
OE LOW to Data Valid 
10 
15 
20 
ns 


tLZOE'81 
OE Low to Low Z 
3 
3 
3 
ns 


tllzoEI81 
OE HIGH to High Z 
10 
15 
20 
ns 


tLZCE[81 
CE LOW to Low Z 
3 
3 
3 
ns 


tHZCE[8J 
CE HIGH to High Z 
10 
15 
20 
ns 


tpu 
CE LOW to Power-Up 
0 
0 
0 
ns 


tpo 
CE HIGH to Power-Down 
15 
25 
35 
ns 


wRrmevcLE 


twc 
Write Cycle Time 
15 
25 
35 
ns 


tSCE 
CE LOW to Write End 
12 
20 
30 
ns 


tAW 
Address Set-Up to Write End 
12 
20 
30 
ns 


tliA 
Address Hold From Write End 
2 
2 
2 
ns 


tSA 
Address Set-Up to Write Start 
0 
0 
0 
ns 


tpwE 
Write Pulse Width 
10 
20 
25 
ns 


tso 
Data Set-Up to Write End 
10 
15 
15 
ns 


tllO 
Data Hold From Write End 
0 
0 
0 
ns 
tHZWE[81 
R/W LOW to High Z 
10 
15 
20 
ns 
tLzwE'81 
R/W HIGH to Low Z 
3 
3 
3 
ns 


twoo'91 
Write Pulse to Data Delay 
30 
50 
60 
ns 


toool91 
Write Data Valid to Read Data Valid 
25 
30 
35 
ns 


• 


7B138-15 
7B138-25 
7B138-35 
I 


Parameters 
Description 
Min. I Max. 
Min. 
Max. 
Min. 
Max. 
I 
Units 


BUSY TlMING!'O] 


tBl.A 
BUSY LOW from Address Match 
20 
20 
20 
ns 


tBHA 
BUSY HIGH from Address Mismatch 
20 
20 
20 
ns 


tBLC 
BUSY LOW from CE LOW 
20 
20 
20 
ns 


tBHe 
BUSY HIGH from CE HIGH 
20 
20 
20 
ns 


tps 
Port Set-Up for Priority 
5 
5 
5 
ns 


tWB 
WE LOW after BUSY LOW 
0 
0 
0 
ns 


tWH 
WE HIGH after BUSY HIGH 
13 
20 
30 
ns 


tBDD 
BUSY HIGH to Data Valid 
15 
25 
35 
ns 


INTERRUPT 
TlMING!'O] 


t'NS 
I lNT Set Time 
I 
20 
I 
I 
25 
25 
I 
ns 


t'NR 
I lNT Reset Time 
I 
20 
I 
25 
25 
I 
ns 


SEMAPHORE 
TIMING 


tsop 
SEM Flag Update Pulse CaE or SEM) 
10 
10 
15 
ns 


tswRD 
SEM Flag Write to Read Time 
5 
5 
5 
ns 


tsps 
SEM Flag Contention 
Window 
5 
5 
5 
ns 


Nores: 
6. 
See the last page of this specification 
for Group A subgroup 
testing 


information. 


7. 
Test conditions 
assume signal transition time of 3 os or less, timing ref- 


erence levels of 1.5Y, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified 
IDlflOH and 30-pF load capacitance. 


8. 
Test conditions 
used are Load 3. 
9. 
For information 
on part-to-part 
delay through 
RAM cells from writ- 


ing port to reading port, refer to Read Timing with Port-to-Port 
Delay 


waveform. 
10. Test conditions 
used are Load 2. 


Switching 
Waveforms 


Read Cycle No. 
1[15.161 


Either Port Address Access 


-F__ 


lRC -*=== 
-/~-toHA:::iAA-1 


-P-R-E-V-'O-U-S-D-A-T-A-v-AUD 
%-X--X--XX---X-*,-_~~~~~-_~~~-_~~-_~~D~A~T-~A_V~A~L~ID~~-_~~-_~~~~~~~~~~- 
__ 


Read Cycle No. 2[13.14.151 


&MorCE 


~o~ 


8138-10 


Notes: 
II. 
BUSY = HIGH 
for the writing port. 


12. CEL = CER = WW. 
13. Address valid prior to or coincident 
with CE transition WW 


14. CEL = L. SEM = H when accessing RAM. CE = H, SEM = Lwhen 


accessing semaphores. 


15. RiW is HIGH 
for read cycle. 


16. Device is continuously 
selected 
CE = WW and OE = WW This 


waveform cannot be used for semaphore 
reads. 


• 


Switching 
Waveforms 
(continued) 


Write 
Cycle No.1: OE Tri-States 
Data 
I/Os 
(Either 
Port)I17,18,191 


tSO 
---- 
•••••' •• 
~o 
~ 


DATA VALlD_ 
:;f------- 


Dm~ ::f »~-~ZO-E 
HIG_H I_MP_EDA_NC_E__ 
~ __ 
ILZ_OE ==== 


8138-12 


---E 


Notes: 
17. The internal write tim~fthe 
memory is defined by the overiapofCE 


or SEM LOW and RfW LOW. Both signals must be LOW to initiate 
a write, and either signal can terminate 
a write by going HIGH. The 
data input set-up and hold timing should be referenced 
to the rising 


edge of the signal that terminates 
the write. 


18. If DE is LOW during a RiW controlled 
write cycle, the write pulse 


width must be the larger of tpwE or (t"zwE 
+ tSO) to allow the 110 


drivers....!Q.turn oIf and data to ~ 
placed on the bus for the required 


tso·IfOE 
is HIGH during a RfW controlled 
write cycle (as in this ex- 
ample), this requirement 
does not apply and the write pulse can be as 


short as the specified tpWE. 


19. RiW must be HIGH 
during all address transitions. 


20. Data 110 pins enter high impedance 
when DE is held LOW during 


write. 


Switching Waveforms 
(continued) 


Semaphore Read After Write Timing, Either Side"·! 


AoL-AZL 
MATCH 


RtWL 
E 


SEML 


tsps 


Notes: 
21. I/OoR 
= IiOOL = LOW (request semaphore); 
CER = CEL = HIGH 


22. Semaphores 
are reset (available 
to bOlh ports) at cycle slart. 


23. Iftsps is violated, the semaphore will definitely be obtained by one side 


or the other, but there isno guarantee which side will control the sema- 
phore. 


24. CE = HIGH for the duration of the above timing (both write and read 


cycle). 


fII 


Switching Waveforms 
(continued) 


Timing Diagram of Read with BUSY (MiS =HIGH)!l2] 


5=f-~3_- 


- 
----=- 
PRELIMINARY 
CY7B138 
~.;~ 
;~ 
-=,. 


Switching 
Waveforms 
(continued) 


Busy Timing Diagram No. I (CE Arbitration)125) 


CEL Valid First: 


ADDRESSL,R 
X 
ADDRESS 
MATCH 
X 


eEL 
'b~l- 
t,",1- 
• 
eER 


BUSYR 


~LC 
~ 


8138-18 


CER Valid First: 


ADDRESSL,R 
X 
ADDRESS 
MATCH 
X 


eER 
'b"l- 
t~;r 


eEL 


BUSYL 


~LC 
~ 


B138-21 


Busy Timing Diagram No.2 (Address Arbitration)[25j 


Left Address Valid First: 


Note: 
25, If Ips is violated, the buS)'signal will be asserted on one side or the oth- 


er. but there is no guarantee 
on which side BUSY will be asserted. 


Interrupt 
Timing Diagrams 


Left Side Sets INT R: 
lwe 


WRITE 
FFF 


~NS[27J 


Right Side Clears INT R: 
~ 
41e 
::1 ~ 


ADDRESSR XXXXXXXXXXXXX 
"'---_RE_AD_FF_F 
_~'--- 
__ 
eER 


INTR 


Right Side Sets INT L: 


Left Side Clears INTL 
vvW 
41e 
:i~ 


ADDRESSR XXXXXXXXXXX~ 
__R_E_AD_F_FE 
__ 
~ 
_ 


eEL 


Notes: 
26. 
tHA depends 
on which enable pin (CEL or RiWLl is deasserted 
first. 
27. tINS or tlNRdepends 
on which enable pin (CEL or RiWLl is asserted 


last. 


~ 
_ 
'iff CYPRFSS 
--==- F 
SEMICX:XIDUC'J'a 


Architecture 


The CY7B138 consists of an array of 4K words of 8 bits each of 
dual-2Q!:t R~ 
cells, 110 and address lines, and control signals 


(CE,OE, 
R/W). These control pins permit independcnt 
access for 
reads or writes to any location in memory. To handle simultaneous 
writes/reads to the same location, a BUSY pin is provided on each 
port. Two interrupt (lNT) pins can be utilized for port-to-port com- 
munication. Two semaphore (SEM) ~ntrol 
pins are used for allo- 


cating shared resources. With the M/S pin, the CY7B138 can func- 
tion as a master (BUSY pins are outputs) or as a slave (13USYpins 
are inputs). T~ 
CY7B138 has an automatic power-down feature 


controlleQ.QyCEoEach port is provided with its own output enable 
control (OE), which allows data to be read from the device. 


Functional 
Description 


Write Operation 


Data must be set up for a duration of tso before the rising edge of 
R/W in order to guarantee a valid write. A write operation is con- 
trolledJ2y either the OE pin (see Write Cycle No.1 waveform) or 
the R/W pin (see Write Cycle No.2 waveform). Data can be written 
to the device tHZO.E...afterthe OE is deasserted or tHzwEafter the 
falling edge of R/W. Required inputs for non-contention 
opera- 


tions are summarized 
in Table 1. 


If a location is being written to by one port and the opposite port 
attempts to read that location, a port-to-port 
flowthrough delay 


must be met before the data is read on the output. Data will be val- 
id on the port wishing to read the location tooo after the data is 
presented on the other port. 


Read Operation 


When reading the device, the user must assert both the OE and 
CE pins. Data will be available tACEafter CE or tOOEafter OE is 
asserted. If the user of the CY7B138 wishes to access a se!!!!!phore 
flag, then the SEM pin must be asserted instead of the CE pin. 


Interrupts 


The 
interrupt 
flag (INT) 
permits 
communications 
between 


ports. When the left port writes to location FFF, the right port's in- 
terrupt flag (lNTR) is set. This flag is cleared when the right port 
reads that same location. Selling the left port's 
interrupt 
flag 


(lNTL) is accomplished when the right port writes to location FFE. 
This flag is cleared when the left port reads location FFE. The 
message at FFF...Q!:...FFEis user-defined. See Table 2 for input re- 
quirements 
for INT. 


Busy 


The CY7B138 provides on-<:hip arbitration 
to alleviate simulta- 


neous memory location access (contention). Ifboth ports' CEs are 
asserted or an address mateh occurs within tps of each other the 
Busy logic will determine 
which port has access. If tps is violated, 
one port will definitely ~rmission 
to the location, but it is not 


guaranteed which one. BUSY will be asserted tULAafter an address 
match or tULCafter CE is taken LOW 


Master/Slave 


A MIS pin is provided in order to expand the word width by.confi- 
guring the device as either a master or a slave. The slave has BUSY 
pins configured as inputs.This will allow the device to interface to 
a master device with no external components. Writing of slave de- 
vices must be delayed until after the BUSY input has settled. 
Otherwise, the slave chip may begin a write cycle during a conten- 
tion situation. When presented as a HIGH input, the M/S pin al- 
lows the device to be used as a master and therefore the 13USYline 


is an output. BUSY can then be used to send the arbitration out- 
come to a slave. 
Semaphore 
Operation 


The CY7B138 provides eight semaphore 
latches, which are sepa- 
rate from the dual-port memory locations.Semaphores 
are used to 


reserve resources that are shared between the two ports. The state 
of the semaphore indicates that a resource is in use. For example, 
if the left port wants to request a given resource, it sets a latch by 
2 


writing a zero to a semaphore location. The left port then verifies 
its success in setting the latch by reading it. After writing to the 
semaphore, 
SEM or OE must be deasserted 
for tsop before at- 


tempting to read the semaphore. 
The semaphore 
value will be 


available tSWRD+ tOOEafter the rising edge of the semaphore 
write. If the left port was successful (reads a zcro), it assumcs con- 
trol over the shared resource, otherwise (reads a one) it assumes 
the 
right port 
has control 
and continues 
to poll the sema- 


phore.When 
the right side has relinquished control of the sema- 
phore (by writing a one), the left side willsucceed in gainingcontrol 
of the a semaphore.If 
the left side no longer requires the sema- 


phore, a one is written to cancel its request. 


Semaphores are accessed by asserting SEM LOW The SEM pin 
functions as a chip enable for the semaphore 
latches (CE must re- 


main HIGH during SEM LOW). Ao-2 represents 
the sempahore 


address. OE and R/W are used in the same manner as a normal 
memory access.When writing or reading a semaphore, 
the other 


address pins have no effeet. 


When writing to the semaphore, only 1100 is used. If a zero is writ- 
ten to the lcft port of an unused semaphore, 
a one will appear at 


the same semaphore 
address on the right port. That semaphore 


can now only be modified by the side showing zero (the left port 
in this case). If the left port now relinquishes control by writing a 
one to the semaphore, 
the semaphore 
will be set to one for both 


sides. However, if the right port had requested 
the semaphore 


(written a zero) while the left port had control, the right port would 
immediately own the semaphore 
as soon as the left port released 


it. Table 3 shows sample semaphore 
operations. 


When reading a semaphore, 
all eight data lines output the sema- 
phore value. The read value is latched in an output register to pre- 
vent the semaphore 
from changing state during a write from the 


other port. If both ports attempt to aceess the semaphore within 
tspsof eaeh other, the semaphore will definitely be obtained byone 
side or the other, but there is no guarantee which side will control 
the semaphore. 


Inputs 
Outputs 


CE 
R/W 
OE 
SEM 
1/00_7 
Operation 


H 
X 
X 
H 
High Z 
Power-Down 


H 
H 
L 
L 
Data Out 
Read Data in 
Semaphore 


X 
X 
H 
X 
High Z 
110 lines Disabled 


H 
S 
X 
L 
Data In 
Write to Semaphore 


L 
H 
L 
H 
Data Out 
Read 


L 
L 
X 
H 
Data In 
Write 


L 
X 
X 
L 
lIIegal Condition 


Left Port 
Right Port 


Function 
R/W 
CE 
OE 
Ao-ll 
INT 
R/W 
CE 
OE 
Ao-ll 
INT 


Set Left INT 
X 
X 
X 
X 
L 
L 
L 
X 
FFE 
X 


Reset Left INT 
X 
L 
L 
FFE 
H 
X 
X 
X 
X 
X 


Set Right INT 
L 
I,. 
X 
FFF 
X 
X 
X 
X 
X 
L 


Reset Right INT 
X 
X 
X 
X 
X 
X 
L 
L 
FFF 
H 


I/O 0 
I/O 0 


Function 
Left 
Right 
Status 


No action 
1 
1 
Semaphore free 


Left port writes 
0 
1 
Left port obtains 


semaphore 
semaphore 


Right port writes 0 
0 
1 
Right side is denied 


to semaphore 
access 


Left port writes 1 to 
1 
0 
Right port is granted 


semaphore 
access to semaphore 


Left port writes 0 to 
1 
0 
No change. Left port 


semaphore 
is denied access 


Right port writes 1 
0 
1 
Left port obtains 
to semaphore 
semaphore 


Left port writes 1 to 
1 
1 
No port accessing 


semaphore 
semaphore 
address 


Right port writes 0 
1 
0 
Right port obtains 


to semaphore 
semaphore 
Right port writes 1 
1 
1 
No port accessing 


to semaphore 
semaphore 
Left port writes 0 to 
0 
1 
Left port obtains 


semaphore 
semaphore 


Left port writes 1 to 
1 
! 
No port accessing 


semaphore 
semaphore 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
1)'pe 
Range 


15 
CY7B138-15LC 
LB! 
Commercial 


CY7B138-15JC 
J81 


CY7B138-!5GC 
G68 


25 
CY7B!38-25LC 
LBI 
Commercial 


CY7B138-25JC 
J81 


CY7B138-25GC 
068 


CY7B138-25JI 
J81 
Industrial 


CY7B138-25LMB 
LBI 
Military 


35 
CY7B138-35LC 
LBI 
Commercial 


CY7B138-35JC 
J81 


CY7B138-350C 
068 


CY7B138-35JI 
J81 
Industrial 


CY7B138-35LMB 
LBI 
Military 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 
DC Characteristics 


Parameters 
Subgroups 


Vall 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V,LMax. 
1,2,3 


II){ 
1,2,3 


Ioz 
1,2,3 


Ios 
1,2,3 


Icc 
1,2,3 


Isa• 
1,2,3 


ISB2 
1,2,3 


ISa3 
1,2,3 


ISB4 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


IRC 
7, 8, 9, 10, 11 


lAA 
7, 8, 9, 10, 11 


lallA 
7, 8, 9, 10, 11 


lACE 
7, 8, 9, 10, 11 


lDOE 
7, 8, 9, 10, 11 


WRITE CYCLE 


lwc 
7, 8, 9, 10, 11 


ISCE 
7, 8, 9, 10, 11 


lAW 
7, 8, 9, 10, 11 


IliA 
7,8,9, 
10, 11 


lSA 
7, 8, 9, 10, 11 


IpWE 
7, 8, 9, 10, 11 


Iso 
7, 8, 9, 10, 11 


1110 
7, 8, 9, 10, 11 


BUSY/INTERRUI'T 
TIMING 


laLA 
7, 8, 9, 10, 11 


lallA 
7, 8, 9, 10, 11 


laLC 
7, 8, 9, 10, 11 


lallc 
7, 8, 9, 10, 11 


Ips 
7, 8, 9, 10, 11 


I,NS 
7, 8, 9, 10, 11 


I'NR 
7, 8, 9, 10, 11 


BUSY 
TIMING 


lwa 
7, 8, 9, 10, 11 


IWlI 
7, 8, 9, 10, 11 


laoo 
7, 8, 9, 10, 11 


1000 
7, 8, 9, 10, 11 


twoo 
7, 8, 9, 10, 11 


• 


Features 


• 
O.8-micron BiCMOS for high per- 
formance 
• 
High-speed access 
- 
15 ns (commercial) 
- 
25 ns (milimry) 


• 
Automatic power-down 
• 
Fully asynchronous 
operation 
• 
Master /Slave select pin allows bus 
width expansion to 16 bits or more 
• 
Busy arbitration 
scheme provided 
• 
Semaphores 
included to permit soft- 
ware handshaking 
between ports 
• 
INT flag for port-to-port 
communica- 
tion 
• 
Available in 68-pin LCC/PLCC/PGA 
• 
TTL compatible 


8K X 8 Dual-Port 
Static RAM 
with Sem, lnt, Busy 


Functional Description 


The CY7Bl44 
is a high-speed BiCMOS 
8K x 8 dual port static RAM. Various arbi- 
tration 
schemes 
are 
included 
on 
the 
CY78144 
in order 
to handle situations 
when multiple processors access the same 
piece of data. Two ports are provided per- 
mitting independent. 
asynchronous access 
for reads and writes to any location in 
memory. The CY7BI44 can be utilized as 
a standalone 64 Kbit dual-port static RAM 
or multiple devices can be combined in or- 
der to function as a 16-bit or wider master/ 
slave dual-port static RAM. An Mis pin is 
provided for implementing 
16-bit or wider 
memory applications without the need for 
separate master and slave devices or addi- 
tional discrete logic. Application areas in- 
clude 
interprocessor/multiprocessor 
de- 
signs, communications 
status 
buffering, 


and dual-port video/graphics memory. 


Each port ha§J.!:idependcnt control pins: 
chip enable (CE), read or write enable 
@®, and o~t 
enable (OE). Two flags, 


BUSY and INT, are provided 
on each 
port. BUSY signals that the port is trying 
to access the same location currently being 
accessed by the other port. The interrupt 
flag (INT) 
permits 
communication 
be- 
tween ports or systems by means of mail 
box or message center. The semaphores 
are used to pass a flag, or token, from one 
port to the other to indicate that a shared 
resource is in use. The semaphore 
logic is 


comprised 
of eight shared 
latches. Only 


one side can control the latch (semaphore) 
at any time. Control of a semaphore 
indi- 
cates that a shared resource is in use. An 
automatic 
power-down 
feature 
is con- 
trolled independently 
on each port by a 


chip enable (CE) pin or SEM pin. 


The CY78144 is available in 68-pin LCCs, 
PLCCs, and POAs. 


RtWA 


CER 
DE" 


A,,,, 
A,,,,, 


1I07A 


I/OOfl 


BUSYA 


A".···A". 


A, •. 
A,,,, 


Aoc 
A". 


INTERRUPT 


eEL 


SEMAPHORE 
ARBITRATION 
CEA 


DEL 
OEA 


RiWl 
Rfii, 


SEMl 
SEMA 


INTL 
INTA 
8144-1 


MIS 


119 
118 
116 
114 
112 
110 
108 
106 
104 
A,,- 
•.., 
Aa 
""- 


BUSYl 
Mis 
MR 
A" 
A,., 


121 
120 
117 
115 
113 
111 
109 
'07 
105 
103 
102 


An. 
""- 


A,. 
A" 
INTl 
GND 
BUSY, A,.. 
A", 
•... 
A", 
123 
122 
100 
101 


""- 
""- 


A", 
A,.. 


125 
124 
98 
99 


A11l 
A,•. 
A,.. 
A,.. 


127 
126 
96 
97 
vcc 
A, •. 
A'1R 
A,,,, 


129 
128 
94 
95 
NC 
NC 
78144 
GND 
A, •• 


131 
130 
92 
93 


SEML 
CE.. 
NC 
NC 


133 
132 
90 
91 


OE.. 
RiW, 
SEMR 
CE" 
135 
134 
88 
89 
I/O•. 
NC 
DE. 
RiW. 


136 
69 
71 
73 
75 
77 
79 
81 
83 
86 
87 


110" 
lIOa 
110" 
GND 
lIOn. 
GND 
110" 
vcc 
1/041\ 
I/O", 
NC 


70 
72 
74 
76 
78 
80 
82 
84 
85 
vo... 
110,,- 
Vela 
vcc 
1/00R 
110•• 
vo,. 
110", 
VOoR 
B14 


68-Pin LCC/PLCC 


Top View 
~ ~ 
~ 
00°0 
1uJ1:crl:!:1 w-J 0 0 8 ~;:: is 
...J 
...J....J...J 
'" 
'" Z 
0 :i:1~ 0 
Z z> •••••• 
J!'~.J'~ 


9 8 7 6 5 4 3 2 168 6766 65 64 63 62 61 
I/Oa 
10 
60 
A,,- 


I/O" 
11 
59 •.., • 


1/0~l 12 
58 
A1 


1/0,,- 
13 
57 
A•. 


GND 
14 
56 
A" 


I/O•. 
15 
55 
""- 
lIOn. 
18 
54 
INTl 


vcc 
17 
78144 
53 
BUSYl 
GND 
18 
52 
GND 


VOoR 
19 
51 
Mis 


110" 
20 
50 
BUSYR 


110", 
21 
49 
iNTR 
vcc 
22 
48 
A,., 


1/031\ 
23 
47 
A" 


IIO.R 
24 
46 
A•• 


I/O", 
25 
45 
A,., 


1/00R 
26 
44 •.., 


272829 
3031 
32 33 34 35 36 37 38 39 40 414243 


a:: 0 
~ 
a::: 
a: tifO 0 0 
a:::a:::a:: a: 
a:: a: 
a: 
a: 
gZI~ ~I~10 Z Z T3';~.'lJ!'~.J'~.r 


8144-3 


Left Port 
Right Port 
Description 


I100L-7L 
I100R_7R 
Data bus Input/Output 


AoL-I2L 
AoR-12R 
Address 
Lines 


CEL 
CER 
Chip Enable 


OEL 
OER 
Output 
Enable 


R/WL 
R/WR 
Read/Write 
Enable 


SEML 
SEMR 
Semaphore 
Enable. 
When asserted 
LOW, allows access to eight semaphores. 


The three least significant 
bits of the address lines will determine 
which sema- 


phore 
to write or read. The I100 pin is used when writing 
to a semaphore. 


Semaphores 
are requested 
by writing 
a 0 into the respective 
location. 


INTL 
INTR 
Interrupt 
Flag. !NT Lis set when righ.!.Nrt 
writes location 
IFFE and is cleared 


when left port reads location 
IFFE. INT R is set when left port writes location 


IFFF 
and is cleared 
when right port reads location 
IFFF. 


BUSYL 
BUSYR 
Busy Flag 


M/S 
Master 
or Slave Select 


Vcc 
Power 


GND 
Ground 


78144-15 
78144-25 
78144-35 


Maximum 
Access Time (ns) 
15 
25 
35 


Maximum 
0rrating 
Commercial 
260 
220 
210 
Current 
(mA 
Military 
280 
250 


Maximum 
Standby 
Commercial 
90 
75 
70 
Current 
(mA) 


Military 
80 
75 


Maximum 
Rating 


(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature 
..... 
- 65°C to + 150· °C 


Ambient Temperature 
with 


Power Applied 
.. 
. 
- 55°C to + 125°C 


Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 


DC Input VoltageP] 
- 3.5V to + 7.0V 


Output Current into Outputs (LOW) 
20 mA 


Static Discharge Voltage 
>2001V 


(per MIL-STD-883. Method 3015) 


Latch-Up Current 
> 200 mA 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Industrial 
_40°C to + 85°C 
5V ± 10% 


Military!'] 
- 55°C to + 125°C 
5V ± 10% 


711144-15 
711144-25 
711144-35 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Unit 


VOH 
Output HIGH Voltage 
Vcc = Min.,IoH 
= -4.0 mA 
2.4 
2..4 
2..4 
V 


VOL 
Output LOW Voltage 
Vcc = Min.,IoL 
= 4.0 mA 
0.4 
0.4 
0.4 
V 


V,H 
Input HIGH Voltage 
2.2 
2.2 
2.2 
V 


V'L 
Input LOW Voltage 
0.8 
0.8 
0.8 
V 


I,x 
Input Leakage Current 
GND.::;" V,,::;,,Vcc 
-10 
+10 
-10 
+10 
-10 
+10 
J.lA 


Ioz 
Output Leakage Current 
Outputs Disabled, GND.::;"Vo'::;" Vcc 
-10 
+10 
-10 
+10 
-10 
+10 
J.lA 


Icc 
Operating Current 
Vcc = Max., 
Com'l 
260 
220 
210 
mA 


lOUT= 0 mA 
MillInd 
280 
250 
Outputs Disabled 


IS81 
Standby Current 
CEL and CER 2. VIH, 
Com'l 
90 
75 
70 
mA 


(Both Ports TTL Levels) 
f = fMAXI3] 
MillInd 
80 
75 


ISB2 
Standby Current 
CEL and CER 2. VIH, 
Com'l 
160 
140 
130 
mA 


(One Port TTL Level) 
f = fMA:,pl 
MillInd 
180 
160 
IS83 
Standby Current 
Both Ports 
Com'l 
15 
15 
15 
mA 


(Both Ports CMOS Levels) 
CEandCER2. 
Vcc-O.2V; 
V1N2. Vcc - 0.2V 
Mil/Ind 
30 
30 
or V1N.::;"0.2V, f = 0131 


1584 
Standby Current 
One Port 
Com'l 
140 
120 
110 
mA 


(One Port CMOS Level) 
CELor CER2. Vcc - 0.2V, 
V'N 2. Vcc - 0.2V or 
MillInd 
150 
130 
VtN.::;"0.2V, Active 
Port Outputs, f = fMAXi31 


Noles: 
I. 
Pulsewidth < 20 ns. 
2. 
TA is the "instant 
on" case temperature. 


3. 
fMAX= lItRC= Allinputscyclingat f= lItRc(exceptoutputenable). 
f = 0 means no address or control lineschange.This appliesonlyto 
inputs at CMOS levelstandby 'SB3' 


4. 
See the last page of this specificationfor Group A subgroup testing 
information. 
5. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 


Parameters 
Description 
Test Conditions 
Max. 
Unit 
CtN 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 
COUT 
Ou tpu t Capacitance 
Vcc = 5.0V 
15 
pF 


AC Test Loads and Waveforms 
:r1 


5 


V 


RI = 893fi 


OUTPUT 


C = 30pF1 
R, = 347fi 


-= 
-= 


ATH = 250.0. 


OUTPUT 
~ 


C=5pF 1 
! 


-= 
Vx 


RTH = 25O!l 


OUTPUT 
~ 


C=30pF 1 
! 


r 
R1 = 2eon 


OUTPUT ---iI 
C=3OpF 


3.0V~ 
90% 


GND 
10% 


.s..3ns~ 
k 


10% 


£3ns 


I 
7B144-15 
7B144-25 
78144-35 


Parameters 
Description 
I Min. I Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ CYCLE 


tRc 
Read Cycle Time 
15 
25 
35 
ns 


tAA 
Address to Data Valid 
15 
25 
35 
ns 


tOI-fA 
Output Hold From Address Change 
3 
3 
3 
ns 


tACE 
CE LOW to Data Valid 
15 
25 
35 
ns 


tOOE 
OE LOW to Data Valid 
10 
15 
20 
ns 


tLWEI8] 
OE Low to Low Z 
3 
3 
3 
ns 


tHWE[8) 
OE HIGH to High Z 
10 
15 
20 
ns 


tLZCEI8) 
CE LOW to Low Z 
3 
3 
3 
ns 


tHZCEI8] 
CE HIGH to High Z 
10 
15 
20 
ns 


tpu 
CE LOW to Power-Up 
0 
0 
0 
ns 


tpo 
CE HIGH to Power-Down 
15 
25 
35 
ns 


WRITE CYCLE 


twc 
Write Cycle Time 
15 
25 
35 
ns 


tSCE 
CE LOW to Write End 
12 
20 
30 
ns 


tAW 
Address Set-Up to Write End 
12 
20 
30 
ns 


tHA 
Address Hold From Write End 
2 
2 
2 
ns 


tSA 
Address Set-Up to Write Start 
0 
0 
0 
ns 


tpwE 
Write Pulse Width 
10 
20 
25 
ns 


tso 
Data Set-Up to Write End 
10 
15 
15 
ns 


tHO 
Data Hold From Write End 
0 
0 
0 
ns 


tHzwEl8) 
R/W LOW to High Z 
10 
15 
20 
ns 


tLZWE[8) 
R/W HIGH to Low Z 
3 
3 
3 
ns 


twoo 
Write Pulse to Data Delay 
30 
50 
60 
ns 


tooo 
Write Data Valid to Read Data Valid 
25 
30 
35 
ns 


• 


78144-15 
7B144-25 
I 
78144·35 
Parameters 
Description 
Min. I Max. 
Min. 
Max. I Min. 
Max. 
Units 


8USY TIMING' 
J 


tBu. 
BUSY LOW from Address Match 
20 
20 
20 
ns 


tOIiA 
BUSY HIGH from Address Mismatch 
20 
20 
20 
ns 


tBu; 
BUSY LOW from CE LOW 
20 
20 
20 
ns 


tBHC 
BUSY HIGH from CE HIGH 
20 
20 
20 
ns 


tps 
Port Set-Up for Priority 
5 
5 
5 
ns 


tWB 
WE LOW after BUSY LOW 
0 
0 
0 
ns 


tWH 
WE HIGH after BUSY HIGH 
13 
20 
30 
ns 


tBDD 
BUSY HIGH to Data Valid 
15 
25 
35 
ns 


INTERRUPT 
TIMING"] 


tINS 
!NT Set Time 
20 
25 
25 
ns 


tlNR 
!NT Reset Time 
I 
20 
25 
I 
25 
ns 


SEMAPHORE 
TIMING 


tsop 
SEM Flag Update Pulse (OE or SEM) 
10 
10 
15 
ns 


tswRD 
SEM Flag Write to Read Time 
5 
5 
5 
ns 


tsps 
SEM Flag Contention 
Window 
5 
5 
5 
ns 


)'Iotes: 
6. 
See the last page of this specification 
for Group A subgroup 
testing 


information. 


7. 
Test conditions 
assume signal transition time of 3 ns or less, timing ref- 


erence levels of 1.5V. input pulse levels of 0 to 3.0V. and outputload- 
ing of the specified 100/IoH and 30 pF load capacitance. 


Switching 
Waveforms 


Read Cycle No. 1114,151~ __ ~c_*=== 


-/~-~HA 
~ 
'~j 


-P-R-EV-'O-U-S-D-A-T-A-V-AUD~"'X--''''XX--'''''''''''X-'''*_''_-_-_-_~-_-_-_-_-_-_-_-_-_-_-_D-_A-_T-A~_V-_A-_L-I_D-_-_-_-_-_-_-_~~-_-_-_-_~-_-_-__ 


Icc~ 
I 


SB -./"1 


~D~ 


B144-10 


!we 


~ 
MATCH 
) 


, 
'PWE 
~", 
/ 


_'SD 
'I 'HD 


VALID 
)I( 


MATCH 


toDD 
)E 


tWDD 


Notes: 
10. BUSY = HIGH 
for the writing port. 


11. CEL = CER 
= LOW, 


12. Address valid prior to or coincident 
with CE transition 
LOW, 


13. CEL = L, SEM = H when accessing RAM. CE = H, SEM = L when 


accessing 
semaphores. 


14. RiW is HIGH 
for read cycle. 


15. Device is continuously 
selected 
CE = LOW 
and OE = LOW, This 


waveform cannot be used for semaphore reads. 


• 


Switching 
Waveforms 
(continued) 


Write Cycle No.1: 
OE Tri-States DATA I/Os (Either 
Port)l16.17.19j 


twc 


j;== 
Iso 
.'. 
~o t 


-------------------~ 
DATA VALID 
~-------- 
MW:: 
f_~ZOE 
__ 
~~ 


DATA OUT 00) )~ 
HIGH IMPEDANCE 
~ 
•.•••-.. ••••••••••_ 


8144-12 


Notes: 
16. The internal write tim!:.,9fthe memory is defined by the ove;]ap ofeE 
or SEM WW and Rrw Ww. 
Both signals must be WW 
to initiate 
a write, and either signal can terminate 
a write by going HIGH. The 
data input set-up and hold timing should be referenced 
to the rising 
edge of the signal that terminates 
the write. 


17. If OE is WW during a RiW controlled 
write cycle, the write pulse 


width must be the larger of tpwE or (tHzwE + tso) to allow the I/O 
drivers-.!Q.turn off and data to ~ 
placed on lhe bus for the required 


tso. (fOE 
is HIGH duringa 
Rrw controlled 
wrile cycle (as in thisex- 


ample), this requirement 
does not apply and the write pulse can be as 


short as the specified tpWE. 
18. Data I/O pins enter 
high impedance 
when DE is hcld WW during 


write. 


19. RiW must be HIGH during all address 
transilions. 


Switching Waveforms (continued) 


Semaphore 
Read After Write Timing, Either Sidel231 


AoL-A2L 
M_A_T_C_H 
X 
_ 


t-tsps 
-- 


Noles: 
20. I/OoR = I100L = WW (request semaphore); 
CER = CEL = HIGH 


21. Semaphores 
are reset (available to both ports) at cycle start. 


22. If tsps isviolated, the semaphore will definitely be obtained by one side 
orthe other, but there isno gaurantee which sidewill control the sema- 
phore. 


23. CE = HIGH for the duration of the above timing (both write and read 
cycle). 


fJI 


· 
~cmFSS 
-:==? ~ 


Switching Waveforms (continued) 


Timing Diagram of Read with BUSY (MIS = HIGH)'") 


Switching Waveforms (continued) 


Busy Timing Diagram No.1 (CE Arbitration)124) 


CEL Valid First: 


____X... 
A_D_D_R_E_S_S_M_A_T_C_H 
X 
------ 


=~~~ 
~-' 
L_~=t 
t-~HC ~-- 
-- 
--S144-20 


____X... 
A_D_D_R_E_S_S_M_A_T_C_H 
X..._-------- 


=~~~~-' 
L-~=tt-~HC ~-- 
-- 
--S144-21 


Busy Timing Diagram No.2 (Address Arbitration)l") 


Left Address Valid First: 


Note: 
24. If tps is violated, the busy signal will be a&o;ertcdon one side or the oth- 
26. t,NS or tlNRdepends 
on which enable pin (CEL or RM\) is asserted 
er, but there is no guarantee 
on which side BUSY will be asserted 
last. 


25. tHA depends 
on which enable pin (CEL or RtWLl is dcasserted 
first. 


• 


Interrupt 
Timing Diagrams 


Left Side Sets INT R: 


~NS[261 


Right Side Clears !NTR: 
zf 
~c 
j .. 


ADDRESSR 
XXXXXXXXXXXXX 
'--_RE_AD_1_FFF_ 
.....•~ 
_ 
eER 


INTR 


Right Side Sets INT L: 


Left Side Clears !NTL 
vvW 
~c 
j .. 


ADDRESS 
R 
XXXXXXXXXXXX~'--_R_EA_D_1_FF_E 
--,)K~---- 


eEL 


Architecture 


The CY7B144 consists of a an array of 8K words of 8 bits each of 
dual-QQ!:lRA-M cells, I/O and address lines, and control signals 
(CE,OE, 
R/W). These control pins permit independent 
access for 
reads or writes to any location in memory. To handle simultaneous 
writes/reads to the same location, a BUSY pin is provided on each 
port. Two interrupt (INT)pins can be utilized for port-to-port com- 
munication. Two semaphore (SEM) ~ntrol 
pins are used for allo- 


cating shared resources. With the M/S pin, the CY7BI44 can func- 
tion as a Master (BUSY pins arc outputs) or as a slave (DUSY pins 
are inputs). The CY7BI44 has an automatic power-down feature 
controlle.Q.QyCEoEach port is provided with its own output enable 
control (OE), which allom; data to be read from the device. 


Functional 
Description 


Write Operation 


D~ 
must be set up for a duration of tSDbefore the rising edge of 


R/W in order to guarantee a valid write. A write operation is con- 
trolled...Qyeither the OE pin (see Write Cycle No.1 waveform) or 
the R/W pin (see Write Cycle No.2 waveform). Data can be written 
to the device tHZO.li...afterthe OE is deasserted or t"zwE after the 
falling edge of R/W. Required 
inputs for non-contention 
opera- 


tions are summarized in Table 1. 


If a location is being written to by one port and the opposite port 
attempts to read that location, a port-to-port 
f1owthrough delay 


must be met before the data is read on the output. Data will be val- 
id on the port wishing to read the location tDDDafter the data is 
presented on the other port. 


Read Operation 


When reading the device, the user must assert both the OE and 
CE pins. Data will be available tACEafter CE or tOOEafter OE are 
asserted. If the user of the CY7BI44 wishes to access a se.!!!l!Phore 
flag, then the SEM pin must be asserted instead of the CE pin. 


Interrupts 


The 
interrupt 
flag (!NT) 
permits 
communications 
between 


ports. When the left port writes to location IFFF, the right port's 
interrupt flag (INTR)is set. This flag is cleared when the right port 
reads that same location. 
Setting the left port's 
interrupt 
flag 


(INTL) is accomplished 
when the right port writes to location 
IFFE. This flag is cleared when the left port reads location IFFE. 
The message at IFFF or IFFE is user-defined. See Table 2 for input 
requirements 
for INT. 


Busy 


The CY7BI44 provides on-ehip arbitration 
to alleviate simulta- 
neous memory location access (contention). Ifboth ports' CEs are 
asserted or an address match OCCUI1i within tps of each other the 
Busy logic will determine 
which port has access. If tps is violated, 


one port will definitely ~rmission 
to the location, but it is not 


guaranteed which one. BUSY willbe asserted taLAafter an address 
match or tau: after CE is taken LOW 


Master/Slave 


A Mis pin is provided in order to expand the word width by confi- 
guring the device as either a master or aslave. The slave has BUSY 
pins configured as inputsThis 
will allow the device to interface to 


a master device with no external components. Writing of slave de- 
vices must be delayed until after the BUSY input has settled. 
Otherwise, the Slave chip may begin a write cycle during a con ten- 


tion situation.When 
presented a HIGH input, the M/Spin allows 


the device to be used as a master and therefore the BUSY line is 
an output. BUSY can then be used to send the arbitration outcome 
to a slave. 


Semaphore 
Operation 


The CY7D144 provides eight semaphore 
latches which are sepa- 


rate from the dual-port memory locations.Semaphores 
are used to 
2 
reserve resources that are shared between the two ports.The state 
of the semaphore indicates that a resource is in use. For example, 
if the left port wants to request a given resource, it sets a latch by 
writing a zero to a semaphore location. The left port then verifies 
its success in setting ~latch 
by reading it. After writing to the 


semaphore, 
SEM or OE must be deasserted 
for tsop before at- 
tempting to read the semaphore. 
The semaphore 
value will be 


available tSWRD+ tOOEafter the rising edge of the semaphore 
write. If the left port was successful (reads a zero), it assumes con- 
trol over the shared resource, otherwise (reads a one) it assumes 
the 
right port 
has control 
and continues 
to poll the sema- 


phore.When 
the right side has relinquished control of the sema- 


phore (by writing a one), the left side will succeed in gaining control 
of the a semaphore. 
If the left side no longer requires the sema- 


phore, a one is written to cancel its request. 


Semaphores 
are accessed by asserting SEM LOW The SEM pin 
functions as a chip enable for the semaphore 
latches (CE must re- 


main HIGH during~M 
LOW). Ao-2 represents the sempahore 


address. OE and R/W are used in the same manner as a normal 
memory access.When writing or reading a semaphore, 
the other 


address pins have no effect. 


When writing to the semaphore, only I/Oo is used. If a zero iswrit- 
ten to the left port of an unused semaphore, 
a one will appear at 


the same semaphore 
address on the right port. That semaphore 


can now only be modified by the side showing zero (the left port 
in this case). If the left port now relinquishes control by writing a 
one to the semaphore, 
the semaphore 
will be set to one for both 


sides. However, if the right port had requested 
the semaphQre 


(written a zero) while the left port had control, the right port would 
immediately own the semaphore 
as soon as the left port released 


it. Table 3 shom; sample semaphore 
operations. 


When reading a semaphore, 
all eight data lines output the sema- 


phore value. The read value is latched in an output register to pre- 
vent the semaphore 
from changing state during a write from the 


other port. If both ports attempt to access the semaphore 
within 


tspsof each other, the semaphore will definitely be obtained byone 
side or the other, but there is no guarantee which side will control 
the semaphore. 


Table 1. Non-Contending 
Read/Write 


Inputs 
Outputs 


CE 
R/W 
OE 
SEM 
1/00_7 
Operation 


H 
X 
X 
H 
High Z 
Power-Down 


H 
H 
L 
L 
Data Out 
Read Data in 
Semaphore 


X 
X 
H 
X 
High Z 
I/O lines Disabled 


H -r 
X 
L 
Data In 
Write to Semaphore 


L 
H 
L 
H 
Data Out 
Read 


L 
L 
X 
H 
Data In 
Write 


L 
X 
X 
L 
Illegal Condition 


Left Port 
Right Port 


Function 
R/W 
CE 
OE 
412 
(NT 
R/W 
CE 
OE 
Ao-12 
(NT 


Set Left INT 
X 
X 
X 
X 
L 
L 
L 
X 
IFFE 
X 


Reset Left INT 
X 
L 
L 
IFFE 
H 
X 
L 
L 
X 
X 


Set Right lNT 
L 
L 
X 
IFFF 
X 
X 
X 
X 
X 
L 


Reset Right lNT 
X 
X 
X 
X 
X 
X 
L 
L 
IFFF 
H 


I/O 0 
I/O 0 


Function 
Left 
Right 
Status 


No action 
1 
1 
Semaphore 
free 
Left port writes 
0 
1 
Left port obtains 


semaphore 
semaphore 


Right port writes 0 
0 
1 
Right side is denied 


to semaphore 
access 


Left port writes 1 to 
1 
0 
Right port is granted 


semaphore 
access to semaphore 
Left port writes 0 to 
1 
0 
No change. Left port 


semaphore 
is denied access 


Right port writes 1 
0 
1 
Left port obtains 


to semaphore 
semaphore 


Left port writes 1 to 
1 
1 
No port accessing 


semaphore 
semaphore 
address 


Right port writes 0 
1 
0 
Right port obtains 


to semaphore 
semaphore 
Right port writes 1 
1 
1 
No port accessing 


to semaphore 
semaphore 


Left port writes 0 to 
0 
1 
Left port obtains 


semaphore 
semaphore 
Left port writes 1 to 
1 
1 
No port accessing 


semaphore 
semaphore 


Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
l)'pe 
Range 


15 
CY7BI44-15LC 
L81 
Commercial 


CY7BI44-15JC 
J81 


CY7BI44-150C 
068 


25 
CY7BI44-25LC 
L81 
Commercial 


CY7BI44-25JC 
J81 


CY7BI44-250C 
068 


CY7BI44-25JI 
J81 
Industrial 


CY7BI44-25LMB 
L81 
Military 


35 
CY7BI44-35LC 
L81 
Commercial 


CY7BI44-35JC 
J81 


CY7BI44-350C 
068 


CY7BI44-35JI 
J81 
Industrial 


CY7BI44-35LMB 
L81 
Military 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 
DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


V,H 
1,2,3 


V,LMax. 
1,2,3 


Ill( 
1,2,3 
Ioz 
1,2,3 
Ios 
1,2,3 
Icc 
1,2,3 
Iss, 
1,2,3 
ISB2 
1,2,3 


ISB3 
1,2,3 


ISB4 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


IRC 
7, 8, 9, 10, 11 


IAA 
7, 8, 9, 10, 11 


IaHA 
7, 8, 9, 10, 11 


lACE 
7, 8, 9, 10, 11 


IOOE 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


ISCE 
7,8,9, 
10, 11 


tAw 
7, 8, 9, 10, 11 


IHA 
7, 8, 9, 10, 11 


ISA 
7, 8, 9, 10, 11 


IpWE 
7, 8, 9, 10, 11 


ISD 
7, 8, 9, 10, 11 


IHD 
7, 8, 9, 10, 11 


BUSY/INTERRUPT 
TIMING 


ISLA 
7, 8, 9, 10, 11 


tBHA 
7, 8, 9, 10, 11 


ISLe 
7,8,9, 
10, 11 


ISHc 
7, 8, 9, 10, 11 


Ips 
7, 8, 9, 10, 11 


I,NS 
7, 8, 9, 10, 11 


I'NR 
7, 8, 9, 10, 11 


BUSY TIMING 


IWB 
7, 8, 9, 10, 11 


tWH 
7, 8, 9, 10, 11 


IBDD 
7, 8, 9, 10, 11 


IDDD 
7, 8, 9, 10, 11 


IWDD 
7, 8, 9, 10, 11 


• 


Pin Configurations 


DIP 
Top View 


•• 
Vcr 


A, 
I<" 


A, 
A, 


•• 
•.. 


•.. 
"- 


A, 
A" 


DO 
Au 


WE 
D< 


GND 
IT 
C147-2 


-- 
~ 


Functional 
Description 


The 
CY7C147 
is 
a 
high-performance 


CMOS 
static RAMs organized 
as 4096 
words by 1 bit. Easy memory expansion is 
Rrovided by an active LOW chip enable 
(CE) 
and 
three-state 
drivers. 
The 


CY7C147 has an automatic power-down 
feature, reducing the power consumption 
by 80% when deselected. 


Writing to the device is accomplished when 
the chip select (CE) and write enable (WE) 
inputs are both LOW. Data on the input 
pin (01) is written into the memory toea- 


• 
Automatic power-down when dese- 
lected 
• 
CMOS for optimum speed/power 


• 
High speed 
- 
25 ns 


• 
Low active power 
- 
440 mW (commercial) 
- 
605 mW (military) 


• 
Low standby power 
-55 mW 


• 
TTL-compatible 
inputs and outputs 
• 
Capable of withstanding 
greater than 
2001V electrostatic 
discharge 


tion specified 
on the address 
pins (Ao 


through All). 
Reading 
the device is accomplished 
by 


taking the chip enable (CE) LOW while 
(WE) remains HIGH. 
Under these con- 


dintions, the contents of the location spe- 
cified on the address pins will appear on 
the data output (DO) pin. 
The output pin remains in a high-impe- 
dance state when chip enable is HIGH, or 
write enable (WE) is LOW. 


LCC 


Top View 


:i~~<f./l) 


2 ~1_,1817 


A, 
3 
16 
A, 
•• • 
IS •.. 
•.. 
5 
" 
"- 
A, 
6 
13 
AlO 


I<" 
7 
12 
Au 


8 91011 
C147-3 


1~\?I~15 
" 


7C147-25 
7C147-35 
7C147-45 


Maximum 
Access 
Commercial 
25 
35 
45 
Time (ns) 
Military 
35 
45 


Maximum 
Operating 
Commercial 
90 
80 
80 
Current (mA) 
Military 
110 
110 


Maximum 
Standby 
Commercial 
15 
10 
10 
Current (mA) 
Military 
10 
10 


Maximum 
Ratings 


(Above 
which 
the useful 
life may be impaired. 
For user guidelines, 
not tested.) 


Storage 
Temperature 
-65°C 
to + 150°C 
Static 
Discharge 
Voltage 
>2001V 
Ambient 
Temperature 
with 
(per 
MIL-STD-883, 
Method 
3015) 


Power 
Applied 
- 55°C 
to + 125°C 
Latch-Up 
Current..... 
>200 
mA 


Supply 
Voltage 
to Ground 
Potential 
Operating 
Range 


(pin 
18 to Pin 9) 
- 0.5V 
to + 7.0V 


DC Voltage 
Applied 
to Outputs 


in High 
Z State 
- O.5V to + 7.0V 


DC Input 
Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


Output 
Current 
into 
Outputs 
(LOW) 
20 mA 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 
10% 


MilitarylIl 
- 55°C 
to + 
125°C 
5V ± 10% 


7C147-2S 
7C147-3S,4S 
Units 


Parameters 
Description 
Test 
Conditions 
Min. 
Max. 
Min. 
Max. 


VOH 
Output 
High 
Voltage 
V cc = Min., 
IOH = -4.0 
mA 
2.4 
2.4 
V 


VOL 
Output 
Low Voltage 
V cc = Min., 
IOL = 12.0 mA 
0.4 
0.4 
V 


V,H 
Input 
High 
Voltage 
2.0 
6.0 
2.0 
6.0 
V 


V'L 
Input 
Low Voltage 
-3.0 
0.8 
-3.0 
0.8 
V 


Ilx 
Input 
Load 
Current 
GND~ 
VI ~ 
Vcc 
-10 
+10 
-10 
+10 
iJA 


Ioz 
Output 
Leakage 
GND~ 
Vo~ 
Vcc 
-50 
+50 
-50 
+50 
iJA 
Current 
Output 
Disabled 


Ios 
Output 
Short 
Vcc = Max., 
VOUT = GND 
-350 
-350 
mA 
Circuit 
Currentl3] 


Icc 
V cc Operating 
Vcc 
= Max., 
Com'l 
90 
80 
mA 
Supply 
Current 
lOUT = OmA 
Mil 
110 


ISB 
Automatic 
CEI41 
Max. Vcc, 
Com'l 
15 
10 
mA 
·Power-Down 
Current 
CE..? 
VIII 
Mil 
10 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Inpu t Capacitance 
TA = 25°C,f 
= 1 MHz, 
8 
pF 


COUT 
Output 
Capacitance 
Vcc = 5.0V 
8 
pF 


Notes: 
1. 
TA is the "instant 
on" case temperature. 
2. 
See the last page of this specification 
for Group A subgroup 
testing 


information. 


3. 
Duration 
of the short circuit should not exceed 30 seconds. 


4. 
A pull·up resistor to Vcc on the CE input is required to keep the device 
deselected during VCC power·up, otherwise ISBwill exceed values giv- 
en. 
5. 
Tested initially and after any design or process changes 
that may 
af- 
fect these parameters. 
6. 
Test conditions assume signal transition times of 5 os or Jess, timing 
reference 
levels of 1.5V, input pulse levels of 0 to 3.0V, and output 


loading of the specified 10dloH 
and 30-pF load capacitance. 
7. 
At any given temperature 
and voltage 
condition, 
1HZ is less than 
tLZ 
for all devices. 


8. 
tllZCE and tHzwE are tested with CL = 5 pF as in part (b) of AC Test 
Loads. 
Transition 
is measured 
± 500 mV from steady state voltage. 


9. 
The internal write time of the memory is defined by the overlap ofCE 
LOW and WE LOW. Both signals must be LOW to intiate a write and 
either signal can teminate a wrile by going HIGH. 
The data input set· 


up and hold timing should be referenced 
to the rising edge of the signal 
that terminates the write. 


10. WE is HIGH 
for read cycle. 
11. Device is continuously 
selected, 
CE = V,L. 


12. Address valid prior to or coincident with CE transition WW 
13. If CE goes HIGH 
simultaneously 
with WE HIGH, 
the output 
re- 


mains 
in a high-impedance 
state. 


AC Test Loads and Waveforms 
R1329fi 


5V 


OUTPUT 


5V 


OUTPUT 


30PFI 


INCLUDING 


JIG AND 
_ 


SCOPE 
- 


5 
PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 


ALL INPUT PULSES 


3'OV~ 
GND 
10':"- 


..s..5ns 
~ 
~ 


10% 


• 
~5ns 


(a) 


THEVENIN 
EQUIVALENT 


125fi 


7C147-25 
7C147-35 
7C147-45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ CYCLE 


tRC 
Read Cycle Time 
25 
35 
45 
ns 


tAA 
Address to Data Valid 
25 
35 
45 
ns 


tOHA 
Data Hold from Address Change 
3 
5 
5 
ns 


lACE 
CE LOW to Data Valid 
25 
35 
45 
ns 


tLZCE 
CE LOW to Low Z17] 
5 
5 
5 
ns 


tHZCE 
CE HIGH to High Z17·8j 
20 
30 
30 
ns 


tpu 
CE LOW to Power-Up 
0 
0 
0 
ns 


tpo 
CE HIGH to Power-Down 
20 
20 
20 
ns 


WRITE CYCLEI'] 


twc 
Write Cycle Time 
25 
35 
45 
ns 


tSCE 
CE LOW to Write End 
25 
35 
45 
ns 


tAW 
Address Set-Up to Write End 
25 
35 
45 
ns 


tHA 
Address Hold from Write End 
0 
0 
0 
ns 


tSA 
Address Set-Up to Write Start 
0 
0 
0 
ns 


tpwE 
WE Pulse Width 
15 
20 
25 
ns 


tso 
Data Set-Up to Write End 
15 
20 
25 
ns 


tHO 
Data Hold from Write End 
0 
10 
10 
ns 


tLZwE 
WE HIGH to Low Z17l 
0 
0 
0 
ns 


tHzwE 
WE LOW to High ZI7,81 
15 
20 
25 
ns 


t=~~ '~__ *_ 


PREVIOUS 
DATA 
VALID J;:XX * 
D_A_T_A_V_A_L1_D 
_ 


Switching Waveforms 


Read 
Cycle 
No. 
lPo. 
II) 


Vcc 
SUPPLY 


CURRENT 


"'ZWE j 


DATA 
OUT --------D-A-T-A-U-N-D-E-F-IN-E-D-------- 
> 


luwE--I 


HIGH 
IMPEDANCE 
<=========== 


ill 


Switching Waveforms (continued) 


Write Cycle No.2 (CE Controlled) 
[9, 13J 


~D 
~D 


DATAIN 
DATA·INVALID 


~ZWE ---l 


DATAOUT -------D-A-T-A-U-N-D-E-F-~N-E-D-------)~I-----H-I-G-H_I_M_P_E_D_A_N_C_E 
_ 


NORMAUZED 
SUPPLY CURRENT 


\'S. SUPPLY VOLTAGE 
1.4 
3 '.2 


31.0 
ow 
N:J..: 
::Ea: 
~ 
0.4 


0.2 


0.0 
4.0 


IS6 


4.5 
5.0 
5.5 


SUPPLYVOLTAGEM 


NORMAUZED 
ACCESS TIME 
>S. SUPPLY VOLTAGE 
1.4 


NORMAUZED 
SUPPLY CURRENT 


\'S. AMBIENT 
TEMPERATURE 
1.2 


'" 
..!!' 1.0 
30.8 
ow 
N:J 0.6 
..: 
::E 
gj 0.4 
z 
Vcc = 5.0V 
V1N = 5.0V 
0.2 


0.0-55 
25 
125 
AMBIENTTEMPERATURE 
(0C) 


J 1.3 
J 1.4 


0 
1.2 
0 
w 
W 


N 
N 
1.2 
:J 
:J 
..: 1.1 
..: 
::E 
::E 


a: 
a: 
1.0 
a 
1.0 
a 
z 
z 


0.9 


0.8 
4.0 
4.5 
5.0 
5.5 


SUPPLYVOLTAGEM 


0.6 


-55 
25 
125 


AMBIENTTEMPERATURE 
(0C) 


OUTPUT 
SOURCE 
CURRENT 


_ 
>S. OUTPUT 
VOLTAGE 


l120 


I-z 100 
wa:§ 
80 
u 


~ 
60 
a::Jg 
40 
2 
20 


~ 
0 
0.0 
1.0 
2.0 
3.0 


OUTPUTVOLTAGEM 


OUTPUT 
SINK CURRENT 


>s. OUTPUT 
VOLTAGE 


«'160 
.s 140 
I- 
al 120 
a:§ 100 
u 
~ 
80 
z 
en 
60 
2 
40 


~ 
20 
a 
o 
0.0 
1.0 
2.0 
3.0 


OUTPUTVOLTAGEM 


TYPICAL POWER-ON 
CURRENT 


>s. SUPPLY VOLTAGE (7CI48) 
3.0 


J 2.5 


@ 
2.0 
N:J 
~ 
1.5 
a: 
~ 
1.0 


0.5 


TA = 25°C 
1KnCSPULL-UP 
RESISTOR TO Vcc 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT 
LOADING 
30.0 


25.0 


(;)c 
-; 
20.0 


~ 
15.0 
wo 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


25 
CY7C147-25PC 
P3 
Commercial 


CY7C147-25DC 
D4 
CY7C147-25LC 
LSO 


35 
CY7C147-35PC 
P3 
Commercial 


CY7C147-35DC 
D4 
CY7C147-35LC 
LSO 
CY7C147-35DMB 
D4 
Military 
CY7C147-35KMB 
K70 
CY7C147-35LMB 
LSO 
45 
CY7C147-45PC 
P3 
Commercial 


CY7C147-45DC 
D4 
CY7C147-45LC 
LSO 
CY7C147-45DMB 
D4 
Mililary 
CY7C147-45KMB 
K70 
CY7C147-45LMB 
LSO 


Vcc = 5.0V 
TA = 25°C 
V1N = 0.5V 


10 
20 
30 
40 
50 


CYCLE FREQUENCY (MHz) 


Address 
Address 
Pin 
Name 
Function 
Number 


Ao 
>Co 
1 


Al 
Xl 
2 


A2 
X2 
3 


A3 
X3 
4 
A. 
Yo 
5 


As 
YI 
6 


Ao 
x., 
17 


A7 
Xs 
16 


As 
Y2 
15 


Aq 
Y3 
14 


AIO 
Y4 
13 


All 
Ys 
12 


Ell 


MILITARY SPECIFICATIONS 
Group A Subgroup 
Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1LMax. 
1,2,3 


II){ 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


ISB 
1,2,3 


Parameters 
I 
Subgroups 


READ CYCLE 


IRC 
7,8,9,10,11 


tAA 
7,8,9,10,11 


tOHA 
7,8,9,10,11 


tACE 
7,8,9,10,11 


WRlTECYCLE 


lwc 
7,8,9,10,11 


ISCE 
7,8,9,10,11 


lAW 
7,8,9,10,11 


IHA 
7,8,9,10,11 


tSA 
7,8,9,10,11 


IpWE 
7,8,9,10,11 


tso 
7,8,9,10,11 


tHO 
7,8,9,10,11 


CY7C148 
CY7C149 
:_.~ 
-:2 CYPRESS 
F 
SEMICONDUCTOR 
---. 


• 
Automatic power-down when dese- 
lected (7C148) 


• 
CMOS for optimum speed/power 
• 
25-ns access time 
• 
Low active power 
- 
440 mW (commercial) 


- 60S mW (military) 


• 
Low standby power (7CI48) 
- 
82.5 mW (25-ns version) 


- 
55 mW (all others) 


• 
5-volt power supply ± 10% tolerance, 
both commercial 
and military 


• 
TTL-compatible 
inputs and outputs 


Functional 
Description 


The CY7CI48 and CY7C149 are high-per- 
formance CMOS static RAMs organized 
as 1024 by 4 bits. Easy memory expansion 
iU?,rovided by an active LOW chip select 
(CS) input and three-state 
outputs. 
The 


CY7CI48 remains in a low-power mode as 
I~ 
as the device remains unselected; i.e., 


(CS) is HIGH, 
thus reducing the average 
power requirements 
of the device. 
The 


chip select (CS) of the CY7C149 does not 
affect the power dissipation of the device. 
Writing to the device is accomplished when 
the chip select (CS) and write enable (WE) 
inputs are both LOW. Data on the I/O pins 
(1100 through 1/03) is written into the 


memory locations specified on the address 
pins (Ao through Aq). 


Reading 
the device is accomplished 
by 


taking ch~e1ect 
(CS) LOW while write 


enable 
(WE) 
remains 
HIGH. 
Under 


these conditions, the contents of the loca- 
tion specified on the address pins will ap- 
pear on the four data I/O pins. 


The I/O pins remain in aJl!gh-impedance 
state when c~elect 
(CS) is HIGH 
or 


write enable (WE) is LOW. 


Pin Configurations 


DII' 


Top View 
•.. 
v"" 


A, 
A, 


A. 
•.. 


A, 
"- 
Ao 
IlOo 


A, 
110, 


A, 
110, 


1/00 
cs 
110, 


11O, 
GND 
WE 
C148-2 


1/02 
LCC 


1/03 


Top View 


" 
:f~~..t 


"C"S 


t1_, 1817 


A. 
16 •.. 


A" 
15 
"- 
WE 
A" 
" 
1/00 


A" 
13 
1/01 


A" 
7 
12 
110, 


C"B-' 


8 9 1011 
C"B-3 
1~~13g 


7C148-25 
7C148-35 
7C148-45 
7C149-25 
7C149-35 
7C149-45 


Maximum Access Time (ns) 
25 
35 
45 
25 
35 
45 


Maximum Operating 
Commercial 
90 
80 
80 
90 
80 
80 
Current (mA) 
Military 
110 
110 
110 
110 


Maximum Standby 
Commercial 
15 
10 
10 


Current (mA) 
Military 
10 
10 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 
. 
Ambient Temperature 
with 
(per MIlrSTD-883, 
Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage to Ground Potential 
Operating 
Range 


(Pin 18 to Pin 9) .....................•... 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State ....................•..... 
- 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
W mA 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military(lJ 
- 55°C to + 125°C 
5V ± 10% 


7CI48/9-25 
7C148/9-35,45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


IoH 
Output High Current 
Vee = Min.,IoH = -4.0 mA 
2.4 
2.4 
V 


IOL 
Output Low Current 
Vee = Min., IOL = 8.0 mA 
0.4 
0.4 
V 


VIH 
Input High Voltage 
2.0 
6.0 
2.0 
6.0 
V 


V1L 
Input Low Voltage 
-3.0 
0.8 
-3.0 
0.8 
V 


II){ 
Input Load Current 
GND.:s.. V,.:s.. Vee 
-10 
10 
-10 
10 
~ 


Ioz 
Output Leakage Current 
GND .:s..Vo.:s.. Vee Output Disabled 
-50 
50 
-50 
50 
~A 


Ice 
Vee Operating 
Max. Vee, CS.:s.. V'L, 
Com'l 
90 
80 
mA 


Supply Current 
Output Open 
Mil 
110 


ISB 
Automatic CS 
Max. Vee, CS~ 
VIH 
7CI48 
Com'l 
15 
10 
mA 


Power-Down Current 
only 
Mil 
10 


IPO 
Peak Power-On 
Max. Vee, 
CS~ 
VIH 
7CI48 
Com'l 
15 
10 
mA 


Currentf31 
only 
Mil 
10 


Ios 
Output Short 
GND.:s.. Vo.:s.. Vee 
Com'l 
±275 
±275 
mA 


Circuit Current!4l 
Mil 
+350 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
8 
pF 
CoOT 
Output Capacitance 
Vee = 5.0V 
8 
pF 


Notes: 
1. 
TA is the "instant on" case temperature. 


2. 
See the last page of this specificationfor Group A subgroup testing 
mformatlOn. 


3. A pull-up resistor to Vee on the CS input is required to keep the 


device deselected during Vcc power-up. 
Otherwise current will ex- 
ceed valuesgiven(CY7C148 only). 
4. 
For test purposes,not more than 1 output should be shorted at one 
time. Duration of the short circuit should not exceed 30 seconds. 


5. 
Testedinitiallyand after anydesignor processchanges that may affect 
these parameters. 
6. 
Chip deselected greater than 25 ns prior to selection. 
7. Chip deselected lessthan 25 ns prior to selection. 
8. At any giventemperature and voltage condition, tHZis lessthan tLZ 


for all devices. 
Transition is measured ± 500 mV from steady state 


voltagewith specifiedloading in part (b) of AC Test Loads. 


9. The internal write time of the memoryisdefined by the overlap ofCS 


LOW and WE LOW, Both signalsmust be LOW to intiate a write 
and either signalcan terminate a write bygoinghigh. The data input 
set-up and hold timingshouldbe referenced to the risingedge of the 
signal that terminates the write. 


10. WE is HIGH for read cycle. 
t1. 
Device is continuously selected, CS = V1L_ 


12. Addressvalid prior to or coincident with CS transition LOW, 
13. lfCS goesHIGH simultaneouslywithWE HIGH, theoutput remains 


in a high-impedancestate. 


CY7C148 
CY7C149 


AC Test Loads and Waveforms 


R1481!'l. 


5V 


OUTPUT 


5V 


OUTPUT 


~ 


'0% 


oS.'0 ns 


ALL INPUT PULSES 


3.0V :::t1 
GND 
10:% 


.s.. 10 ns 
l.- 
5 


PFI 
INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(b) 


30PFI 


INCLUDING 


JIGANO 
_ 


SCOPE 
- 
(a) 


THEVENIN EQUIVALENT 
'67n 


7C148-25 
7C148-35 
7C148-45 


7C149-25 
7C149-35 
7C149-45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ CYCLE 


tRC 
Address Valid to Address Do Not 
25 
35 
45 
ns 
Care Time (Read Cycle Time) 


tAA 
Address Valid to Data Out Valid 
25 
35 
45 
ns 
Delay (Address Access Time) 


lACS! 
Chip Select LOW to Data Out Valid 
2516J 
35 
45 
ns 
tACS2 
(7Cl480nly) 
30[7) 
35 
45 
ns 


tAcs 
Chip Select LOW to Data Out Valid 
15 
15 
20 
ns 
(7C149 only) 


tLZ18] 
Chip Select LOW to 
7CI48 
8 
10 
10 
ns 
Data Out On 
7C149 
5 
5 
5 


tHzl8) 
Chip Select HIGH to Data Out Ofr 
0 
15 
0 
20 
0 
20 
ns 


tOil 
Address Unknown to Data 
0 
0 
5 
Out Unknown Time 
ns 


tpo 
Chip Select HIGH to 
7CI48 
20 
30 
30 
ns 
Power-Down Delay 


tpu 
Chip Select LOW to 
7CI48 
0 
0 
0 
ns 
Power-Up Delay 


WRITE CYCLE 


twc 
Address Valid to Address Do Not 
25 
35 
45 
Care (Write Cycle Time) 
ns 


twpl9) 
Write Enable LOW to 
20 
30 
35 
Write Enable HIGH 
ns 


tWR 
Address Hold from Write End 
5 
5 
5 
ns 


twzl8) 
Write Enable to Output in High Z 
0 
8 
0 
8 
0 
8 
ns 


tow 
Data in Valid to Write Enable HIGH 
12 
20 
20 
ns 


toH 
Data Hold Time 
0 
0 
0 
ns 


tAs 
Address Valid to Write Enable LOW 
0 
0 
0 
ns 


tcwl9) 
Chip Select LOW to Write Enable HIGH 
20 
30 
40 
ns 


Iow18) 
Write Enable HIGH to Output in Low Z 
0 
0 
0 
ns 


tAW 
Address Valid to End of Write 
20 
30 
35 


III 


Switching Waveforms 


Read Cycle No. 1110.111 


CY7C148 
CY7C149 


toH 


PREVIOUS DATA VALID 


Vcc 
SUPPLY 
CURRENT 


HIGH IM~D::-1 


tow 


DATA-IN VALID 


twz j 


DATA OUT --------D-A-T-A-U-N-D-E-F-IN-E-D-------- 
> 


tow --l 


HIGH IMPEDANCE 
~:========== 


CY7C148 
CY7C149 


Switching 
Waveforms 
(continued) 


Write Cycle No.2 (CS Controlled)[13] 


low 


OATA-INVAllO 


twz -l 


-------O-A-T-A-U-N-O-E-F-IN-E-O--------)_I-----H-I-G_H_I_M_P_E_O_A_N_C_E 
_ 


NORMALIZED 
SUPPLY CURRENT 


\'So SUPPLY VOLTAGE 
1.4 


Jll.2 
Jll0 
o 
~ 
0.8 
:J 
~ 
0.6 
a: 
~ 
0.4 


0.2 


0.0 
4.0 
4.5 
5.0 
5.5 


SUPPLYVOLTAGEM 


NORMALIZED 
ACCESS TIME 


\'So SUPPLY VOLTAGE 
1.4 
J 1.3 
$. 1.4 


0 
1.2 
0 
w 
W 


N 
N 
1.2 
:J 
:J 
« 1.1 
« 
::; 
::; 


a: 
a: 
1.0 
0 
1.0 
0 
z 
z 


0.9 


0.8 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLYVOLTAGEM 


NORMALIZED 
SUPPLY CURRENT 


\'So AMBIENT 
TEMPERATURE 


1.2 


<> 
-9 0.8 
0 
w 
N:J 
0.6 
«::; 
a: 
0.4 
0 
Vcc = 5.0V 
Z 
V'N= 5.0V 
0.2 
Isa 


0.0 
-55 
25 
125 


AMBIENTTEMPERATURE(0C) 


0.6 


-55 
25 
125 


AMBIENTTEMPERATURE(0C) 


OUTPUT 
SOURCE 
CURRENT 


_ 
'So OUTPUT 
VOLTAGE 
g 120 


!z 100 
wa:§ 
80 
() 
w 
60 
() 
a: 
::>0 
40 
(f) 
~ 
20 
Cl. 
f- 
::> 
0 
0 
0.0 
1.0 
2.0 
3.0 


OUTPUTVOLTAGEM 


OUTPUT 
SINK CURRENT 


\'So OUTPUT 
VOLTAGE 


~ 
140 


.s12O 
f-z 
~ 
100 


a:B 
80 


""z 
60 


Cii 
~ 
Cl. 
~o 


1.0 
2.0 
3.0 


OUTPUTVOLTAGEM 


III 


CY7C148 
CY7C149 


TYPICAL POWER-ON 
CURRENT 
vs. SUPPLY VOLTAGE (7CI48) 


30 
12.5 


@ 
2.0 
N:J 
~ 
1.5 
cr: 
~ 
1.0 


0.5 


TA = 25°C 


1K n CS 
PULL-UP 


RESISTOR 
TO Vcc 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT 
LOADING 
30.0 


""-. 
••••........L-...... - 


U> 25.0 
.s 
:l 20.0 


~ 
15.0 
wo 


o 
1.3 
.9 


@ 
1.2 
N:J 
<{ 
1.1 
::;: 
cr: 
~ 
1.0 


0.8 
10 
20 
~ 
~ 
~ 
W 


CYCLE 
FREQUENCY 
(MHz) 


Address 
Address 
Pin 
Name 
Function 
Number 


A" 
Yo 
5 


A, 
Y, 
6 


A2 
Y2 
7 


A3 
Y3 
4 


A, 
Xc 
3 


As 
X3 
2 
At, 
X2 
1 


A7 
Xs 
17 


As 
X. 
16 


A9 
X, 
15 


CY7C148 
CY7C149 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


25 
CY7CI48-25PC 
P3 
Commercial 


CY7CI48-25DC 
D4 


CY7CI48-25LC 
LSO 


35 
CY7CI48-35PC 
P3 
Commercial 


CY7CI48-35DC 
D4 


CY7CI48-35LC 
LSO 


CY7CI48-35DMB 
D4 
Military 


CY7CI48-35KMB 
K70 


CY7CI48-35LMB 
LSO 


45 
CY7CI48-45PC 
P3 
Commercial 


CY7CI48-45DC 
D4 


CY7CI48-45LC 
LSO 


CY7CI48-45DMB 
D4 
Military 


CY7CI48-45KMB 
K70 


CY7CI48-45LMB 
LSO 


MILITARY SPECIFICATIONS 
Group A Subgroup 
Testing 


DC Characteristics 


Parameters 
Subgroups 


IOH 
1,2,3 


IOL 
1,2,3 


VIH 
1,2,3 


V1LMax. 
1,2,3 


IlJ( 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


ISBI14] 
1,2,3 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYPe 
Range 


25 
CY7CI49-25PC 
P3 
Commercial 


CY7C149-25DC 
D4 


CY7C149-25LC 
LSO 


35 
CY7C149-35PC 
P3 
Commercial 


CY7C149-35DC 
D4 


CY7C149-35LC 
LSO 


CY7CI49-35DMB 
D4 
Military 


CY7C149-35KMB 
K70 


CY7C149-35LMB 
LSO 


45 
CY7C149-45PC 
P3 
Commercial 


CY7C149-45DC 
D4 


CY7C149-45LC 
LSO 


CY7C149-45DMB 
D4 
Military 


CY7C149-45KMB 
K70 


CY7C149-45LMB 
LSO 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 
tACS,[141 
7, 8, 9, 10, 11 


tACSP4] 
7, 8, 9, 10, 11 
tACS[151 
7, 8, 9, 10, 11 


toH 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


twp 
7, 8, 9, 10, 11 


IWR 
7, 8, 9, 10, 11 


tDW 
7, 8, 9, 10, 11 


tDH 
7, 8, 9, 10, 11 


tAS 
7, 8, 9, 10, 11 


lAW 
7, 8, 9, 10, 11 


Notes: 
14. 7C148 only. 
15. 7C149 only. 


• 


.s;;=.~ 
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'11 CYPRESS 
F 
SEMICONDUCTOR 


• 
Memory reset function 
• 
1024 x 4 static RAM for control store 
in high-speed computers 
• 
CMOS for optimum speed/power 


• 
High speed 
- 
10 ns (commercial) 


- 
12 ns (military) 


• 
Low power 
- 
495 mW (commercial) 


- 
550 mW (military) 


• 
Separate 
inputs and outputs 


• 
5-volt power supply ±10% tolerance 
in both commercial 
and military 
• 
Capable of withstanding 
greater than 


2001V static discharge 
• 
TTL-compatible 
inputs and outputs 


Functional Description 


The 
CY7C150 
is a 
high-performance 
CMOS static RAM designed for use in 
cache memory, high-speed graphics, and 
data-acquisition 
applications. 
The 
CY7C150 has a memory reset feature that 
allows the entire memory to be reset in two 
memory cycles. 


Separate I/O paths eliminates the need to 
multiplcx data in and data out, providing 
for simpler board layout and faster system 
performance. Outputs are tri-stated during 
write, reset, deselect, or when output en- 
able (OE) is held HIGH, allowing for easy 
memory expansion. 
Reset is initiated by selecting the device 
(CS = LOW) and taking the reset (RS) in- 
put LOW Within two mcmory cycles all 
bits are internally cleared to zero. Since 
chip select must be LOW for the device to 
be reset, a global reset signal can be em- 


Pin Configurations 


AS 


~ 


DIP 
Top View 


"" 
1 
24 
VCC 


WE 
A. 
2 
23 
A, 


A" 
3 
22 
A, 
A, 


A" 
4 
21 
A" 
A" 


00 
A, 
5 
20 
AS 
A, 
•.. 
6 7C150 
19 
cs 
•.. 


A" 
7 
18 
WE 
NC 
A" 
0, 
Do 
8 
17 
DE 
Do 


D, 
9 
16 
D, 
D, 


O2 
Do 
10 
15 
D, 
Do 


0, 
11 
14 
0, 


OND 
12 
13 
0, 


03 
C150-2 


C'SQ.1 


ployed, with only selccted devices being 
cleared at any given time. 
Writing 
to the 
device 
is accomplished 


when the chip select (CS) and write enable 
(WE) inputs are both LOW Data on the 
four data inputs (00-03) iswritten into the 
memory location specified on the address 
pins (1\0 through A,). 


Reading the device is accomplished by tak- 
i!!Lchip 
select (CS) and outpu~able 


(OE) LOW while write enable (WE) re- 
mains HIGH. Under these conditions, the 
contents of the memory location specified 
on the address pins will appear on the four 
output pins (00 through 03). 


The 
output 
pins remain 
in ~h-impe- 


dance state when chip enable (CE) or out- 
!Jut enable (OE~ 
HIGH, or write enable 


(WE) or reset (RS) is LOW 
A die coat is used to insure alpha immunity. 


LCC 
Top View 
"1Mo8N 
c(<( z> c( 


:>4 
3 2 t'J 2827 
26 


?5 
25 
6 
24 
7 
23 
8 
7C150 
22 
9 
21 
10 
20 
11 
19 
12 
18 
1314151617 


7C15()"10 
7C150-12 
7C150-15 
7C150-25 
7Cl50-35 


Maximum Access Time (ns) 
Commercial 
10 
12 
15 
25 
35 


Military 
12 
15 
25 
35 


Maximum Operating 
Current (mA) 
Commercial 
90 
90 
90 
90 
90 


Military 
100 
100 
100 
100 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65°C 
to + 150°C 
Static Discharge Voltage 
>2OO1V 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current. 
. . . . . . . . . . . . . . . . . . . . . . . . . . .. 
> 200 mA 


Supply Voltage to Ground Potential 
(pin 24 to Pin 12) 
- O.5V to + 7.0V 
Operating 
Range 


~1.Iy~~tzgst~lt~~~ 
.t~.?~~.u:s 
_ 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.OV to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Militarylll 
- 55°C to + 125°C 
5V ± 10% 


7C150 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., IOH = -0.4mA 
2.4 
V 


VOL 
Output LOW Current 
Vcc = Min., IOL = 12mA 
0.4 
V 


VIH 
Input HIGH Level 
2.0 
Vcc 
V 


VIL 
Input LOW Level 
- 3.0 
0.8 
V 


IlX 
Input Load Current 
GND.$.. VI.$.. Vcc 
-10 
+10 
~ 
Ioz 
Output Current (High Z) 
VOL.$..VOUT.$..VOH, 
-50 
+50 
~ 
Output Disabled 


Ios 
Output Short Circuit Currentl3] 
Vcc = Max., VOUT= GND 
-300 
mA 


Ice 
Vcc Operating Supply Current 
Vcc = Max., 
I Commercial 
90 
mA 


lOUT= 0 mA 
I Military 
100 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vcc = 5.0V 
10 
pF 


30pF 


INCLUDING I 


JIG AND -= 


SCOPE 


5PF1 
INCLUDING 


JIG AND -= 
SCOPE 


<a> 


THEvENIN EQUIVALENT 
12m 


Notes: 
1. 
TA is the "instant on" case temperature. 
2. 
See the last page of this specificationfor Group A subgroup testing 
information. 


3. 
Not more than I output shouldbe shorted at a time. Duration of the 
short circuit should not exceed 30 seconds. 


ALL INPUT PULSES 


3.W~% 
~ 
10% 
10% 


GND 
~ 
.s.3ns 


CI50-5 


4. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 
5. 
Thst conditions assume signal transition times of 5 os or less, timing 
referenece levelsof 1.5Y,input pulse levelsof 0 to 3.0Y,and output 
loadingof the specifiedIOL/IoHand 30-pF load capacitance. 


III 


7C150-10 
7C150-12 
7C150·15 
7C150-25 
7C150·35 


I'arameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle Time 
10 
12 
15 
25 
35 
ns 


tAA 
Address 
to Data 
Valid 
10 
12 
15 
25 
35 
ns 


IoHA 
Output 
Hold 
from 
Address 
2 
2 
2 
2 
2 
ns 
Change 


tACS 
CS LOW 
to Data 
Valid 
8 
10 
12 
15 
20 
ns 


tLZCS 
CS LOW 
to Low 
Zl61 
0 
0 
0 
0 
0 
ns 


tHZCS 
CS HIGH 
to High 
Z16.71 
6 
8 
11 
20 
25 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
6 
8 
10 
15 
20 
ns 


tLWE 
OE 
LOW 
to Low 
ZI91 
0 
0 
0 
0 
0 
ns 


tHWE 
OE 
HIGH 
to High 
Z16.71 
6 
8 
9 
20 
25 
ns 


WRITE 
CYCLEISI 


twc 
Write 
Cycle Time 
10 
12 
15 
25 
35 
ns 


tscs 
CS LOW 
to Write 
End 
6 
8 
11 
15 
20 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
8 
10 
13 
20 
30 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
2 
2 
2 
5 
5 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
2 
2 
2 
5 
5 
ns 


tpwE 
WE 
Pulse 
Width 
6 
8 
11 
15 
20 
ns 


tSD 
Data 
Set· Up to Write 
End 
6 
8 
11 
15 
20 
ns 


tHD 
Data 
Hold 
from 
Write 
End 
2 
2 
2 
5 
5 
ns 


tLzwE 
WE 
HIGH 
to Low 
ZI91 
0 
0 
0 
0 
0 
ns 


tHzwE 
WE 
LOW 
to High 
Z[6,71 
6 
8 
12 
20 
25 
ns 


RESET 
CYCLE 


tRRC 
Reset 
Cycle 
Time 
20 
24 
30 
50 
70 
ns 


tSAR 
Address 
Valid 
to Beginning 
of 
0 
0 
0 
0 
0 
ns 
Reset 


tSWER 
Write 
Enable 
HIGH 
to Beginning 
0 
0 
0 
0 
0 
ns 
of Reset 


tSCSR 
Chip 
Select 
LOW 
to Beginning 
of 
0 
0 
0 
0 
0 
ns 
Reset 


tPRS 
Reset 
Pulse 
Width 
10 
12 
15 
20 
30 
ns 


tHCSR 
Chip 
Select 
Hold 
After 
End 
of 
0 
0 
0 
0 
0 
ns 
Reset 


tHwER 
Write 
Enable 
Hold 
After 
End 
of 
8 
12 
15 
30 
40 
Reset 
ns 


tHAR 
Address 
Hold 
After 
End 
of Reset 
10 
12 
15 
30 
40 
ns 


tLZRS 
Reset 
HIGH 
to Output 
in Low ZI6J 
0 
0 
0 
0 
0 
ns 


tHZRS 
Reset 
LOW 
to Output 
in 
6 
8 
12 
20 
25 
ns 
High 
Z[6,71 


Notes: 


6. 
At 
any given 
temperature 
and voltage 
condition, 
1HZ is less than 
tLZ 


for any given 
device. 


7. 
tHZCS,tHWE, tHZR, and tHzwE are tested with CL = 5 pI' as in part 
(b) of AC Test Loads. Transition 
is measured 
± 500 mV from steady 


state voltage. 


8. 
The internal write time of the memory is defined by the overlap of CS 
LOW and WE LOW Both signals must be LOW to initiate a write and 
either signal can terminate 
a write by going I llGH. The data input set- 


up and hold timing should be reference 
to the rising edge of the signal 
that terminates 
the write. 


It-tZWE -l 
------- 
..••)1 


DATA I/O 
DATA UNDEFINED 
•• 


Notes: 
9. 
WE is HIGH for read cycle. 


10. Device is continuously 
selected, 
CS and OE = V1L. 


luwE--l 


HIGH IMPEDANCE 
~ 
_ 


• 


Switching Waveforms 
(continued) 


Write Cycle No.2 (CS Controlled)!8, 
12) 


ltiZWE ---+l 


---------------------~ 
HIGH IMPEDANCE 


DATA I/O 
DATA UNDEFINED 
/ .•••--------------- 


NotE's: 
12. If CS goes HIGH 
with WE HIGH, 
the output 
remains in a high- 
impedance state. 


13. Reset cycle is defined by the overlap of RS and CS for the minimum 
reset pulse width. 


NORMALIZED 
SUPPLY CURRENT 
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>s. SUPPLY VOLTAGE 
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63 
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0.0 
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3.0 
4.0 
5.0 
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M 
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OUTPUT 
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~ 
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2.0 
3.0 
4.0 
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OUTPUT 
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M 


Vcc = 5.0V 
TA = 25°C 
Vcc = 0.5V 


0.8 


10 
20 
30 
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CYCLE 
FREQUENCY 
(MHz) 


• 


606, 


ROW:~ 
Truth Table 


ROWO 
1 
2, 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


10 
CY7C150-1OPC 
P13A 
Commercial 


CY7C150-1ODC 
D14 


CY7C150-10LC 
L54 


CY7C150-10SC 
S13 


12 
CY7C150-12PC 
P13A 
Commercial 


CY7C150-12DC 
D14 


CY7C150-12LC 
L54 


CY7CI50-12SC 
S13 


CY7CI50-12DMB 
D14 
Military 


CY7CI50-12LMB 
L54 


15 
CY7C150-15PC 
P13A 
Commercial 


CY7C150-15DC 
D14 


CY7C150-15LC 
L54 


CY7C150-15SC 
S13 


CY7C150-15DMB 
D14 
Military 


CY7C 150-15LMB 
L54 


Address 
Address 
Pin 


Name 
Function 
Number 


Ao 
Xc 
21 


Al 
XI 
22 


A2 
X2 
23 


A, 
X, 
1 


A. 
X. 
2 


As 
Xs 
3 


Ao 
Yo 
4 


A, 
Y, 
5 


Ao 
Y2 
6 


~ 
Y, 
7 


Inputs 


CS 
WE 
OE 
RS 
Outputs 
Mode 


H 
X 
X 
X 
High Z 
Not Selected 


L 
H 
X 
L 
High Z 
Reset 


L 
L 
X 
H 
High Z 
Write 


L 
H 
L 
H 
00-0, 
Read 


L 
X 
H 
H 
HighZ 
Output Disable 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


25 
CY7C150-25PC 
P13A 
Commercial 


CY7CI50-25DC 
D14 


CY7CI50-25LC 
L54 


CY7CI50-25SC 
S13 


CY7CI50-25DMB 
D14 
Military 


CY7CI50-25LMB 
L54 


35 
CY7C150-35PC 
P13A 
Commercial 


CY7C150-35DC 
Dl4 


CY7C150-35LC 
L54 


CY7C150-35SC 
S13 


CY7C150-35DMB 
D14 
Military 


CY7C150-35LMB 
L54 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


V1H 
1,2,3 


V1LMax. 
1,2,3 


IJX 
1,2,3 


Ioz 
1,2,3 
Icc 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRc 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


IoHA 
7, 8, 9, 10, 11 


tACS 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tscs 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tpWE 
7, 8, 9, 10, 11 


tso 
7, 8, 9, 10, 11 


tHO 
7, 8, 9, 10, 11 


RESET CYCLE 


tRRC 
7, 8, 9, 10, 11 


tSAR 
7, 8, 9, 10, 11 


tSWER 
7, 8, 9, 10, 11 


tSCSR 
7, 8, 9, 10, 11 


tPRS 
7, 8, 9, 10, 11 


tHCSR 
7, 8, 9, 10, 11 


tHWER 
7, 8, 9, 10, 11 


tHAR 
7, 8, 9, 10, 11 


• 


:.._--: ~ 
':jj 
'CYPRESS 
F 
SEMICONDUCTOR 


Features 


• High speed 


- 
12 ns tM 
• Easy memory expansion with: 
CEI> 


CE" CE" (7B154 Q!!]y), CE., CEs 
(7B153 only), and OE 
• BiCMOS for optimum speed/power 
• 
Low active power 
- 
743 mW 


• Low standby power 


- 
275 mW 


• Automatic power-down when 
deselected 


• TTL-compatible 
inputs and outputs 


CY7B153 
CY7B154 


Expandable 
65,536 x 4 


Static R/W RAM 


Functional 
Description 


The CY7B153 and CY7B154 are high-per- 
formance BiCMOS static RAMs organized 
as 65,536 words by 4 bits. Easy memory ex- 
pansion is provided by an active LOW out- 
put enable.iQE~d 
four chip enables for 


each part: CEl> CE,. CE3 (CY7B154 only), 
CE4• and CEs (CY7B153 only). The active 
HIGH and active LOW chip enables pro- 
vide on-chip address decoding. eliminating 
the need for external decoder logic. Both 
devices have an automatic power-down fea- 
ture, reducing the power consumption 
by 
more than 70% when deselected. 


An active LOW write enable signal (WE) 
controls the writing./reading oReration of 
the memory. When CE1.,,3 and WE inputs 
are both LOW and CE4•s are HIGH. data 
on the four data input/output 
pins (I/Oo 


through I/03) iswritten into the memory lo- 
cation specified on the 
address 
pins (An 


through A1s). 


Reading the device is accomplished by ta~ 
chip enable (CE1".3) and o~t 
enable (OE) 


Law, 
while write enablc (WE) and chip en- 
able (CE4,s) are HIGH. Under these condi- 
tions, the contcnts of the location specificd 
on the address pins is present on the four 
data input/output 
pins. 


The four input output pins arc in a high-im- 
pedance state when the device is deselected 
(any of: CE1 '.3 HIGH or CE4•s LOW). the 
outputs are disabl~OE 
HIGH), or during 


a write operation (WE and CE1.'.3 LOW and 
CE4,s HIGH). 


The CY7B153 and CY7n154 are available 
in lead less chip carriers 
and space-saving 


300-mil-wide DIPs and SOJs. 


Pin Configurations 


DIP/SOJ 
Top View 


LCC 


Top View 


v 
0 
~.f~ ~~.r.( 


432,',323'30 
.••• 
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.- 
29 
A, 
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Z8Al 
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Ao 
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11 
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eEl 
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1103 
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21 
1102 


14151617181920 


1~1~~§1I~gg 


8153-1 
8153-4 
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Top View 


eE. 
vcc 


A. 
A, 


A, 
A, 


"- 
A, 


Po,. 
A, 


A" 
A. 


A•• 
Ao 


A" 
eE3 


A" 
eEl 


Au 
vo, 


A" 
va, 


eEl 
va, 


DE 
VOO 


GND 
WE 


8153-3 
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Top View 


" 
0 
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-- 
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7 
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A, 
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26 
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9 
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10 
24 
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Au 
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NC 
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A'5 
13 
21 
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14151617181920 


[~I~~~f~gg 
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CY7B153 
CY7B154 


78153-12 
78153-15 
78153-20 


78154-12 
78154-15 
78154-20 
Maximum Access Time (ns) 
12 
15 
20 


Maximum 0serating 
Commercial 
135 
135 
135 


Current (mA 
i 
Military 
145 
145 


Maximum Standby 
Commercial 
50 
50 
50 


Current (mA) 
Military 
60 
60 
Maximum Ratings 
(Above which the usefullife 
may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage........................ 
>2001V 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current............................. 
>200 mA 


Supply Voltage on Vec Relative to GND[lI. 
- 0.5V to + 7.0V 
Operating Range 


DC Voltage ApR\ied to Outputs 
In HIgh Z State 
. . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


DC Input Voltage[l) 
- 0.5V to + 7.0V 


Current into Outputs (LOW) 
20 mA 


Ambient 
Range 
Temperaturei2] 
Vce 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
- 55°C to + 125°C 
5V ± 10% 


78153-12 
78153-15,20 


78154-12 
78154-15,20 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min.,IoH = - 4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min.,IoL = 8.0 mA 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vcc 
V 


V'L 
Input LOW Voltage[l] 
-0.3 
0.8 
-0.3 
0.8 
V 


I,x 
Input Load Current 
GND.s. 
V,.s. 
Vee 
-10 
+10 
-10 
+10 
ilA 
Ioz 
Output Leakage 
GND.s. 
V,.s. Vee, 
-10 
+ 10 
-10 
+10 
ilA 
Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., VOUT= GND 
-300 
-300 
mA 
Circuit Currentl41 


Ice 
Vee Operating 
Vee = Max. ,lOUT = 0 mA, 
Com'l 
135 
135 
mA 
Supply Current 
f = fMAX = litRe 
Mil 
145 
IsB, 
Automatic CE 
Max. Vee, CE'.2.3 2. VIH, 
Com'l 
50 
50 
mA 
Power-Down Current 
CE4•S.s. 
V,L, V'N 2. VIHor 
-TTLlnputs 
V'N < V'L, f = fMAX 
Mil 
60 


ISB2 
Automatic CE 
Max. Vee, CE'.2.3 2. Vee - O.3V, 
Com'l 
30 
30 
mA 
Power-Down Current 
CE4,s.s.0.3Y, V'N2. Vee-0.3Vor 
-CMOS 
Inputs 
V'N < 0.3Y, f = 0 
Mil 
40 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 


CoUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Notes: 
1. 
V1L (min.) 
= - 2.0V for pulse durations 
of less than 20 ns. 


2. 
TA is the "instant 
on" case temperature. 


3. 
See the last page of this specification 
for Group 
A subgroup 
testing 
information. 


4. 
Not more than 1 output 
should be shorted at one time. Duration 
of 
the short circuit should not exceed 30 seconds. 
5. 
Tested initially and after any design or process changes that may affect 
these parameters. 


• 


AC Test Loads and Waveforms 
A1481!l 


5V 


OUTPUT 


5V 


OUTPUT 


20 
PFI 


INCLUDING 
JIG AND 
_ 


SCOPE - 


(a) 


THEVENIN 
EQUIVALENT 
167fi 


5 
PFI 


INCLUDING 


JIG AND 
_ 


SCOPE - 


(b) 
:::~% 


~ 
£3ns 


7B153-12 
7B153-15 
7B153-20 


7B154-12 
7B154-15 
7B153-20 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
12 
15 
20 
ns 


tAA 
Address 
to Data 
Valid 
12 
15 
20 
ns 


tOHA 
Data 
Hold 
from 
Address 
Change 
3 
3 
3 
ns 


tACE 
CE1,2,3 LOW 
and CE4" 
HIGH 
to Data 
Valid 
12 
15 
20 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
7 
10 
12 
ns 


tLZOE 
OE 
LOW 
to Low 
Z17J 
2 
2 
2 
ns 


tHZOE 
OE 
HIGH 
to High 
Z[7,8J 
7 
8 
10 
ns 


tLZCE 
CE1,2,3 LOW 
and CE4., 
HIGH 
to Low 
Z171 
3 
3 
3 
ns 


tHZCE 
CEI,2,3, HIGH 
or CE4" 
LOW 
to High 
Z[7,81 
7 
8 
10 
ns 


tpu 
CE1,2,3 LOW 
and CE4" 
HIGH 
to Power-Up 
0 
0 
0 
ns 


tpo 
CE1,2,3, HIGH 
or CE4" 
LOW 
to Power-Down 
12 
15 
20 
ns 


WRITE 
CYCLE19.101 


twc 
Write 
Cycle 
Time 
12 
15 
20 
ns 


tSCE 
CE1,2,3 LOW 
and CE4" 
HIGH 
to Write 
End 
9 
10 
15 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
9 
10 
15 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tpWE 
WE 
Pulse 
Width 
9 
10 
15 
ns 


tSO 
Data 
Set-Up 
to Write 
End 
7 
8 
10 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z171 
2 
2 
2 
ns 


tHzwE 
WE 
LOW 
to High 
Z[7,81 
7 
7 
10 
ns 


Notes: 
6. 
Test conditions assume signal transition time of 3 ns or less, timing ref- 
erence levels of l.Sv, input pulse levels of 0 to 3,OV,and output load- 
ing of the specified [oL/[OH and 20-pF load capacitance, 


7, 
tHZOE, tHZCE, and tHzwE are specified with a land capacitance 
of 5 


pF as in part (b) of ACTest 
Loads. Transition 
is measured 
± 500 mV 
from steady state Yoltage. 
8. 
At any given temperature 
and Yoltage condition, 
tllZCE 
is less than 


tlzcE, 
tHWE 
is less than tLWE, 
and tHzwE is less than tLzwE for any 
given device. 


9. 
The internal write time of the memory is defined 
by the overlap of 
CE1,2,3 LOW, CE4"IIIGII,and 
WE Law. 
All sign"ls must be appro- 


priately set to initiate a write and any of these signals can terminate 
a write. The input data set-up and hold timing should be referenced 
to the rising edge of the signal thaI terminates 
the write. 


10. The minimum write cycle time for Write Cycle No.3 (WE Controlled, 


OE LOW) is the SUIll of tllzwE Ilnd tSO' 


CY7B153 
CY7B154 


Switching Waveforms 


Read Cycle No. 1[11.121 


*- 
tL.~ ~ 


DATA OUT ----P-R-EV-10-U-S-D-A-T-A-Y-A-L-ID-3 
Xx *=================D=A=T=A=Y=A=L=ID============~ 


luCE 
Ycc 
lp_U_=Jt5O% 
SUPPLY 
CURRENT 
~4='CC 
50% 
ISB 


B153~10 


CE4,5 
tseE 


tAW 


4>wE 


WE 


K 


tso 


DATA I/O 
DATA YALID 


Notes: 
11. Device is continuously 
selected. 
DE, CEI.2.3 
= VIL, CE •.5 = VIH. 
12. WE is HIGH 
for read cycle. 
13. Address valid prior to or coincident 
with CEI 23 transition WWand 


CE •.5 transition 
HIGH. 
. , 


14. Data 110 is high impedance 
if DE = VIH• 


15. ~ny 
of CEI,2,3 
go HIGH 
or CE •.5 goes WW simultaneously 
with 


WE HIGH, 
the oulput 
remains in a high-impedance 
stale. 


• 


CY7B153 
CY7B154 


Switching 
Waveforms 
(continued) 


Write Cycle No.2 (WE Controlled, 
OE HIGH During Write)!l4,15) 


CY7B153 
CY7B154 


CEI 
CE, 
CE. 
CE. 
OE 
WE 
I/O. - I/O, 
Mode 
Power 


H 
X 
X 
X 
X 
X 
HighZ 
Power-Down 
Standby (ISB) 


X 
H 
X 
X 
X 
X 
HighZ 
Power-Down 
Standby (ISB) 


X 
X 
L 
X 
X 
X 
HighZ 
Power-Down 
Standby (ISB) 


X 
X 
X 
L 
X 
X 
High Z 
Power-Down 
Standby (ISB) 


L 
L 
H 
H 
L 
H 
Data Out 
Read 
Active (Ice) 


L 
L 
H 
H 
X 
L 
Data In 
Write 
Active (Ice) 


L 
L 
H 
H 
H 
H 
HighZ 
Selected 
Active (Ice) 


CEI 
CE, 
CE, 
CE. 
OE 
WE 
I/O. - I/O, 
Mode 
Power 


H 
X 
X 
X 
X 
X 
HighZ 
Power-Down 
Standby (IsB) 


X 
H 
X 
X 
X 
X 
High Z 
Power-Down 
Standby (ISB) 


X 
X 
H 
X 
X 
X 
HighZ 
Power-Down 
Standby (ISB) 


X 
X 
X 
L 
X 
X 
HighZ 
Power-Down 
Standby (ISB) 


L 
L 
L 
H 
L 
H 
Data Out 
Read 
Active (Ice) 


L 
L 
L 
H 
X 
L 
Data In 
Write 
Active (Ice) 


L 
L 
L 
H 
H 
H 
HighZ 
Selected 
Active (Ice) 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYPe 
Range 


12 
CY7B153-12PC 
P21 
Commercial 


CY7B153-12DC 
D22 


CY7B153-12LC 
L55 


CY7B153-12YC 
Y21 


15 
CY7B153-15PC 
P21 
Commercial 


CY7B153-15DC 
022 


CY7B153-15LC 
L55 


CY7B153-15YC 
Y21 


CY7BI53-15DMB 
D22 
Military 


CY7B153-15LMB 
L55 


20 
CY7B153-20PC 
P21 
Commercial 


CY7B153-20DC 
D22 


CY7BI53-20LC 
L55 


CY7BI53-20YC 
Y21 


CY7B153-20DMB 
D22 
Military 


CY7BI53-20LMB 
L55 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


12 
CY7B154-12PC 
P21 
Commercial 


CY7B154-12DC 
D22 


CY7B154-12LC 
L55 


CY7BI54-12YC 
Y21 


15 
CY7B 154-15PC 
P21 
Commercial 


CY7BI54-15DC 
D22 


CY7B154-15LC 
L55 


CY7B154-15YC 
Y21 


CY7B154-15DMB 
D22 
Military 


CY7B154-15LMB 
L55 


20 
CY7B154-20PC 
P21 
Commercial 


CY7BI54-20DC 
D22 


CY7B154-20LC 
L55 


CY7BI54-20YC 
Y21 


CY7B154-20DMB 
D22 
Military 


CY7B154-20LMB 
L55 


• 
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CY7B154 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V'LMax. 
1,2,3 


I,x 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


IsB, 
1,2,3 


ISB2 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


toHA 
7, 8, 9, 10, 11 


tACE 
7, 8, 9, 10, 11 


tDOE 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tSCE 
". 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


tso 
7, 8, 9, 10, 11 


tHO 
7, 8, 9, 10, 11 


-.:_.~ 
-:3 CYPRESS 
iF 
SEMICONDUCTOR 


Features 


• 
16K x 16 common I/O 
• 
BiCMOS for optimum speed/power 
• 
12 ns maximum access delay (clock 
to output) 
• 
Input address latch 
• 
Input data latch with separate 
latch 
control signal (DLE) 
• 8-bit address counter with 2- and 
8-bit wraparound 
operations 
(78156 
only) 
• 
Supports 
Intel 486 burst address se- 
quence (78155 only) 
• Supports 
suspended 
burst 
• Simple counter control 
• Self-timed write with synchronous 
user-adjustable 
write trigger 
• 
8yte write supported 
• 52-pin PLCC, LCC, and QFP pack- 
ages 


CSo. cs1 
CS2,C$j 


Aa - 
A13 
IT 
CE 


(7B 156 ONLY) CC 


CLK 


CY7B155 
CY7B156 


Functional 
Description 
The CY7B155 and CY7B156 are 16K by 16 
synchronous 
static 
RAMs 
targeted 
for 
high-performance 
burst-oriented 
applica- 
tions. Address-increment 
logic is provided 
in both versions. Counter control is simple 
and involves only three signals: clock, load 
enable, and count enable. 


In the CY7B156, an integrated S-bit wrap- 
around counter 
automatically 
increments 
addresses for a maximum of 256 consecu- 
tive 
references. 
The 
counter 
can 
be 
switched from an S-bit wraparound 
mode 
to a 2-bit wraparound mode via a control in- 
put. In the CY7B155, Aothrough A7 are se- 
quenced 
based on the 2-bit Intel S0486 
burst order (see Table 1). 


Write operations 
are synchronously 
trig- 
gered and self-timed to simplify processor 
interface. A delayed write mechanism sup- 
porting a user-adjustable write trigger pro- 
vides maximum checking time for external 


16K X 16 Synchronous 
Static RAM 


protection circuits; ifthe write acress isdeter- 
mined to be faulty, memory will not be modi- 
fied. 
The write enable inputs are sampled on the 
falling edge of the delayed clock (DCLK) in- 
put. Write is initiated only when one or both 
sampled 
values 
are 
LOW 
Because 
the 


DCLK is a variable input signal, the user can 
hand-tune 
the write sampling point by ad- 
justing the amount of the delay on DCLK. 


Each byte can be written individually with its 
own write enable input. A 16-bit data latch 
is provided 
on-chip 
to ca;>ture write data 


from the processor. This latch can be by- 
passed by connecting 
the data latch enable 


(DLE) input to a high level. Memory expan- 
sion is also simplified by the incorporation of 
four self-decoding chip select inputs. Up to 
four memory banks can be supported with- 
out any external decoding logic. Maximum 
acress delay from clock rise to output is 12ns. 


_NMWtHWU):5::i:: 
O 
•.....N 


.;-.;- <I~I:: 
is ~ g d 1~1t31~~ 


7 6 5 4 3 2 ~'.: 52 51 50 49 48 47 


A10 
8 
46 
~ 
9 
45 
~ 
10 
« 


Vss 
l' 
43 


0'0 
12 
42 


011 
13 
78155 
41 
012 
14 
78156 
40 
013 
15 
39 
~ 
16 
~ 


Vss 
17 
37 
0'4 
18 
36 


D,§ 
19 
35 
IT 
~ 
~ 
~ 22 23 24 25 26 27 28 29 30 31 3233 


CSJ 
0,~ 
Vcc 
V" 
0, 
D. 


OJ 
0, 


CC (7Bl56 
ONLY) 
v" 
0, 
0, 


78155-12 
78155-15 
78155-20 
78156-12 
78156-15 
78156-20 


Maximum Acress Time (ns) 
12 
15 
20 


Maximum Operating 
Current (mA) 
250 
250 
250 


• 


CY7BlSS 
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Signal Name 
I/O 
Description 


Ao -An 
I 
Address Inputs 


CLK 
I 
Clock 


DCLK 
I 
Delayed Clock 


WEo 
I 
Low Byte Write Enable 


WE, 
I 
High Byte Write Enable 


OE 
I 
Output Enable 


CSo, CSt 
I 
Chip Selects 0, 1 


CS2, CS, 
I 
Chip Selects 2, 3 


LE 
I 
Load Enable 


CE 
I 
Counter Enable 


CC 
I 
Count Control (CY7B156 only) 


DLE 
I 
Data Latch Enable 


Do - D'5 
I/O 
Data I/O 


Vcc 
- 
+ 5V Power Supply 


Vss 
- 
Ground 


Application 
Example 


Figure 1 shows a 64-Kbyte cache using two CY7B156 cache RAMs 
with burst capability and a CY7B181 high-speed cache tag. The 
complexity 
of the 
cache 
controller 
is reduced 
because 
the 
CY7B181 generates the write enable signal to the RAM automati- 
cally during write hits. 


First 
First 
First 
First 


Address 
Address 
Address 
Address 


At 
Ao 
A, 
Ao 
At 
Ao 
AI 
Ao 


0 
0 
0 
1 
1 
0 
1 
1 


0 
1 
0 
0 
1 
1 
1 
0 


1 
0 
1 
1 
0 
0 
0 
1 


1 
1 
1 
0 
0 
1 
0 
0 


TO 
MAIN 
MEMORY 
BUS 


CY7B155 
CY7B156 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage .. 


Ambient Temperature 
with 
(per MIWTD-883, 
Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current. 
. 
. 


Supply Voltage on Vcc Relative to GND 
.. 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to Vcc + 0.5V 


DC Input VoltageP! 
- 0.5V to Vee + 0.5V 


Current into Outputs (LOW) 
20 mA 


Electrical 
Characteristics 
Over the Operating Range 


Ambient 
Range 
Temperature!2! 
Vee 


Commercial 
OOCto + 70°C 
5V:!: 
10% 


7BI55-12 
7B155-15,20 


7B156-12 
7B156-15,20 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOIl 
Output HIGH Voltage 
Vee = Min., lOll = - 4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
0.4 
V 


V", 
Input HIGH Voltage 
2.2 
6.0 
2.2 
6.0 
V 


VIL 
Input LOW VoltageP] 
-0.5 
0.8 
-0.5 
0.8 
V 


IIX 
Input Load Current 
GND~ 
VI~ 
Vee 
-10 
+10 
-10 
+10 
i!A 


Ioz 
Output Leakage 
GND~ 
VI~ 
Vee, 
-10 
+10 
-10 
+ 10 
flA 
Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., VOUT= GND 
-300 
-300 
mA 
Circuit Current(3] 


Ice 
Vee Operating 
Vee = Max. ,lOUT = 0 mA, 
250 
250 
mA 
Supply Current 
f = fMAX 
= l/teyc 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Noles: 
1. 
V,L(min.) 
= - 1.5V for pulse durations of lessthan 20 ns. 
2. 
TA is the "instant 
on" case temperature. 
3. 
NoI more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


4. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 


AC Test Loads and Waveforms 


R1481!l 


SV 


OUTPUT 


SOfiI 


INCLUDING 
JJGAND 
_ 


SCOPE 
- 
(a) 


THEvENIN EQUIVALENT 


167!l 


5PFI 


INCLUDING 


JIG AND 
_ 
SCOPE 
- 
(b) 


7B155-12 
7B155-15 
7B155-20 


7BI56-12 
7B156-15 
7B155-20 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


!eYe 
Clock 
Cycle 
Time 
20 
25 
30 
ns 


tAD 
Access 
Delay 
for Clock 
Rise 
12 
15 
20 
ns 


tDOH 
Data 
Output 
Hold 
After 
Clock 
Rise 
3 
3 
3 
ns 


tAS 
Address 
Set-Up 
Before 
CLK 
Rise 
3 
4 
5 
ns 


tAH 
Address 
Hold 
After 
CLK 
Rise 
3 
4 
4 
ns 


tLES 
Load 
Enable 
Set-Up 
Before 
CLK 
Rise 
3 
4 
5 
ns 


tLEH 
Load 
Enable 
Hold 
After 
CLK 
Rise 
3 
4 
4 
ns 


tWES 
Write 
Enable 
Set-Up 
Before 
DCLK 
Fall 
2 
3 
4 
ns 


tWEH 
Write 
Enable 
Hold 
After 
DCLK 
Fall 
4 
5 
6 
ns 


tEOZ 
OE 
HIGH 
to Output 
High 
Z[61 
7 
8 
9 
ns 


tEov 
OE 
LOW 
to Output 
Valid 
7 
8 
9 
ns 


Notes: 
S. 
Test conditions 
assume signal transition time of 3 os or less, timing ref- 


erence levels of l.Sv, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified 'Od'OH 
and SO-pF load capacitance. 


6. 
tEoZ is specified with a load capacitance 
of S pF as in part (b) of AC 


Test Loads. 1tansition is measured ± 500 mV from steady state volt- 
age. 


CY7B155 
CY7B156 


xxxxx 
xxx 
• 
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Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
Type 
Range 


12 
CY7B155-12JC 
J69 
Commercial 


CY7B 155-121£ 
L69 


15 
CY7B155-15JC 
J69 
Commercial 


CY7B 155-151£ 
L69 


20 
CY7B155-20JC 
J69 
Commercial 


CY7B155-201£ 
L69 


Speed 
Package 
O"erating 


(ns) 
Ordering 
Code 
Type 
Range 


12 
CY71l156-12JC 
J69 
Commercial 


CY7B156-121£ 
L69 


15 
CY7B156-15JC 
J69 
Commercial 


CY7B156-151£ 
L69 


20 
CY7BI56-20JC 
J69 
Commercial 


CY71l156-201£ 
L69 


Features 


• 
Optimized for use with CY7C600 
SPARC® product family 
• 
Address and WE registers 
• 
CMOS for optimum speed/power 


• 
High speed 
- 
20 ns 


• 
Data In and Data Out latches 
• 
Self-timed write 
• 
Common I/O 
• 
Capable of withstanding 
greater than 


2000V electrostatic 
discharge 
• 
TTL-compatible 
inputs and outputs 


Functional Description 


The CY7C157A cache storage unit is a 
high-performance 
CMOS static RAM or- 


ganized as 16,384 x 16 bits. It is intended 
specifically for use as a high-speed cache 
memory 
device 
with 
the 
CY7C600 


SPARC® 
family 
of 
devices. 
The 
CY7C157A employs common I/O archi- 
tecture, a self-timed byte write mechanism, 
and on-chip address update latches. 


Rea~ 
the device is accomplished by tak- 
ing WE HIGH and OE LOW. On the ris- 
ing edge of CLOCK, addresses Aothrough 
An are loaded into the input registers. A 
memory access occurs, and data is held after 


16,384 X 16 Static R/W 


Cache Storage Unit 


a read cycle beyond the next rising edge of 
CLOCK in order to meet the hold time re- 
quirements 
of the microprocessor. 


To write the device correctly, OE must be 
taken 
HIGH. 
If 
the 
falling 
e~ 
of 
CLOCK samples either or both of WEo or 
WE! LOW, a self-timed byte write mecha- 
nism is triggered. Data is written from the 
data-in latch into the memory array at the 
corresponding 
address. 


Note that the OE signal must be HIGH for 
a proper write because the WEo and WE! 
signals do not tri-state the outputs. 


A die coat is used to insure alpha immunity.• 


Timing 
Pin Name 
Reference 
Description 


Clock 
C 
Clock Inputs 


1\0 - Au 
A 
Address Inputs 


1/00 - 11015 (Input) 
D 
Data Inputs 


1/00 - 110,5 (Output) 
Q 
Data Outputs 


WEo. WE" WEx 
W 
Write Enable 


OE 
G 
Output Enable 


LCCand PLCC 
Top View 


'<T 
<l> 
(0 8 ,.... 
«I 
Ol 
« 
c{ « 
> 
c( « « 


7 
6 
5 
4 
3 
2 l~52 51 50 47 
48 
47 


.•. 
46 
Au 


v'" 
45 
v'" 


IlOo 
10 
44 
va •• 


va, 
43 
I/O,. 


I/O, 
12 
42 
1/0\3 


I/O, 
13 
41 
1/0,2 


V'" 
14 
7C157A 
40 
V'" 


va. 
15 
39 
VDII 


I/O, 
16 
36 
V010 


IlOo 
17 
37 
IlOo 


I/O, 
18 
38 
VQ, 


V". 
19 
35 
V ••• 


V.., 
20 
34 
Vsso 


21 22 23 24 25 26 27 28 29 30 31 32 33 


~ Iu? 8 8 I~ u; 
;n en d 8 § If ~ 
3: 
>0>0 
>C/)>(/) >(/) 
> > 
C157-2 


7ClS7A-20 
7ClS7A-24 
7ClS7A-33 


Maximum Clock to Output (ns) 
20 
24 
33 


Maximum Output Enable to Output Time (n5) 
8 
10 
15 


Maximum Current (mA) 
350 
300 
250 


":_.~ 
':jj 
CYPRESS 
- 
? 
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Features 


• 
Ultra high speed 
- 
10 ns tM 


• 
Output enable (OE) feature 
• 
Five chip enables (CE.,z" 
and CE.,s) 
to expand memory 


• 
BiCMOS for optimum speed/power 


• 
Low active power 
- 
650mW 


• 
Low standby power 
- 
200mW 


• 
TTL-compatible 
inputs and outputs 
• 
Capable of withstanding 
greater than 


2001V electrostatic 
discharge, 


Functional 
Description 


The 
CY7BI60 
is 
a 
high-performance 
mCMOS static RAM organized as 16,348 
x 4 bits. A memory expansion feature is 
provided to save access time by eliminating 
the need for an external decoder 
when 


stacki~ 
CY71l160s. Five chip enable in- 
puts (CE" CEz, CE3, CE., and CE,) make 
it easy to increase memory depth with up 
to four CY7BI60s. The primary chip en- 
able (CE1) can be used to enable or power 
down all four devices together while chip 
enables CEz, CE3, CE., and CE, can be 
used as extra address pins to enable or 
power down each device individually. 


Memory expansion is facilitated by three- 
state drivers and an active LOW output en- 
able (OE). The device has a power-down 


Expandable 
16,384 x 4 


Static RAM 


feature, reducing the power consumption 
by 67% when deselected by any CE input. 
Writin&....!o the 
device 
is accomplished 


when CE"z,3 and WE inputs are WW 
while CE." inputs are HIGH. Data on the 
four input/output 
pins (I/Oo through I/O,) 


is written into the memory location speci- 
fied on the address pins (Ao through A13). 
Reading the device is accomplished by tak· 
ing chip enables CE"2>J WW 
and OE 


WW 
while write enable (WE) and chip 
enables CE." remain HIGH. Under these 
conditions the contents of the memory lo- 
cation specified on the address pins will 
appear on the four data 110 pins. 


The I~ins 
st'!Yi!Jhigh-impedance 
state 


whenCE"2>JorOEis 
HIGH, or when WE 
or CE." 
are LOW. 


Pin Configurations 


DIP/SO] 
LCC 


Top View 
Top View 


eEl 


MN()IO 


VCC 
.r1~1~~~ 


CE3 
CE, 


A, 
CE, 
3 2.'12827 


A., 
•.. 
A., • 
- - 
26 
CE, 


A, 
•.. 
A, 
5 
25 •.. 


A., 
6 
2. 
•.. 
A., 
A, 
A., 
7 
23 
A, 
Ao 
A, 
A" 
8 
7Cl60 
22 
A, 
vo, 
A" 
"" 
A" 
9 
21 


"" 
A" 
va, 
A" 
10 
20 
va, 


I/O, 
A" 
110, 
A" 
11 
19 
I/O, 


A" 
110, 
cr, 
12 
18 
110, 


1314151617 


110, 
GE, 
110, 


15E 
WE 
I~~ §11~g 


1100 
GND 
NC 
8160-3 


B160-2 


7B160-10 
78160-12 
7B160-15 
Maximum Access Time (ns) 
c 
10 
12 
15 


Maximum 0rrating 
Commercial 
130 
120 
115 
Current (mA 
Military 
145 
135 


Maximum Standby 
Commercial 
40 
40 
40 


Current (mA) 
Military 
1< 
.'. 
60«, 
50 


• 


Maximum 
Ratings 


(Above which the useful life may be impaired. Exposure to absolute maximum-rated oonditions for extended periods may affect device 
reliability. For user guidelines. not tested.) 


Storage Temperature 
. 


Ambient Temperature 
with 


Power Applied 
. 


Supply Voltage to Ground Potential 
(pin 24 to Pin 12) 
- O.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- O.5V to + 7.0V 
DC Input Voltage(l) 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


~~iV?~£~;S:8~3~t~~thOd"3oi5)""""""" 
. 


Latch-Up Current ..... 


Ambient 


Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military!21 
- 55°C to + 125°C 
5V ± 10% 


78160-10 
78160-12 
78160-15 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min. I IOH= - 4.0 mA 
Com'l 
2.4 
2.4 
2.4 
V 


I IOH= - 2.0 mA 
Mil 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
2.2 
Vee 
V 


V'L 
Input LOW Voltagell] 
-0.5 
0.8 
-0.5 
0.8 
-0.5 
0.8 
V 


I,x 
Input Load Current 
GND..$.. Va..$.. Vee 
-10 
+10 
-10 
+10 
-10 
+10 
IlA 


Ioz 
Output Leakage 
GND..$.. V,..$..Vee, 
-10 
+10 
-10 
+10 
-10 
+10 
IlA 
Current 
Output Disabled 


Ice 
Vee Operating Supply 
Vee = Max. 
Com'l 
130 
120 
115 
mA 
Current 
lOUT= 0 mA 
Mil 
145 
135 
f = f max. 
ISB 
CE Power-Down 
(CE, •or CE2, or CE3) 2. V'H 
Com'l 
40 
40 
40 
mA 
Current 
or (CE. or CEs)..$.. V'L 


li6Q 
Mil 
50 


Parameters 
Description 
Test Conditions 
Max,lSl 
Units 


C'N 
Input Capacitance 
TA = 25°C,f 
= 1 MHz, 
5 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
7 
of 


Notes: 
1. 
V'L min. = -3.0V 
for pulse durations 
less th:m 30 ns. 


2. 
TA is the "instant 
on" case temperature. 
3. 
See the last page of this specification 
for Group 
A subgroup 
testing 
information. 


4. 
Tested initially and after any design or process changes that may affect 
these parameters. 


5. 
For all packages except Cerdip (022). which has maximums of C'N 
= 8 pF, COUT = 9 pF. 


5V5ftA1481 
n 


OUTPUT 


c.. 
A2 
255n 


INCLUDING I 


JIG AND -= 
-= 
SCOPE 
(a) 


THEVENIN EQUIVALENT 


167!l. 


5 pF 


INCLUDING I 


JIG AND -= 
SCOPE 
(b) 


ALL INPUT PULSES 


3'OV~% 
~ 
10% 
10% 


GND= 
.,;.30' 


78160-10 
78160-12 
78160-15 


Parameters 
Description 
Max. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRc 
Read 
Cycle 
Time 
10 
12 
15 
ns 


tAA 
Address 
to Data 
Valid 
10 
12 
15 
ns 


tOHA 
Output 
Hold 
from 
Address 
Change 
3 
3 
3 
ns 


tACE 
CE"2,3 
LOW 
and CE"s 
HIGH 
to Data 
Valid 
10 
12 
15 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
5 
6 
8 
ns 


tLZOE 
OE 
LOW 
to Low 
Z 
2 
2 
3 
ns 


tHWE 
OE 
HIGH 
to High 
ZP] 
5 
6 
7 
ns 


tLZCE 
CE"2,3 
LOW, 
CE"s 
HIGH 
to Low 
Z18] 
2 
2 
3 
ns 


tHZCE 
CE"2,3,',s 
HIGH 
to High 
ZI7.81 
5 
6 
7 
ns 


WRITE 
CYCLEI9j 


twc 
Write 
Cycle 
Time 
10 
12 
15 
ns 


tSCE 
CE"2,3 
LOW 
and CE"s 
HIGH 
to Write 
End 
8 
8 
10 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
8 
8 
10 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
8 
8 
10 
ns 


tso 
Data 
Set-Up 
to Write 
End 
5 
6 
7 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tLzwE 
WE 
HIGH 
to Low 
ZI8J 
2 
2 
3 
ns 


tHzwE 
WE 
LOW 
to High 
ZP,81 
0 
5 
0 
6 
0 
7 
ns 


Noles: 
6. 
Test conditions assume signal transition time of 3 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0Y, and output load- 
ing of the specified IOLlIoH and CL = 20 pF. 


7. 
At any given lemperature 
and voltage condition, 
1HZis less than tLZ 
for any given device. 
8. 
IHZCE, tHZWE, tHWE are specified with CL = 5 pF as in parI (b) of 
AC Test Loads. Transition is measured ± 200 mY from steady stale 
voltage. 
9. 
The internal write lime of the memory is defined 
by the overlap of 


CE,,2.3 LOW, CE.,s IIIGH. and WE Law. All signals must be in Ihis 


state to initiate a write and any signal can terminate a write by chang- 
ing slate. The data input set-up and hold timing should be referenced 
to the rising edge of the signal that terminates the write. 


10. WE is HIGH for read cycle. 
11. Device is continuously 
selected, CE = V'L and OE = V'L' 


12. Address valid prior to or coincident 
with CE transition 
LOW. 


13. Data 1/0 will be high-impedance 
if OE 
= V",. 


Switching Waveforms 


Read 
Cycle 
No. 
11'°,11] 


• 


Switching Waveforms (continued) 


Read Cycle No. 2[10.12) 


CE1,2.3 


CE4,5 


lt1Z0E j 


lt1ZCE .-1 


mE -j . 


HIGH IMPEDANCE --K=========== 


lt1~E~ 
_ 
=>I 
HIGH IMPEDANCE 


CEI 
CE, 
CEJ 
CE. 
CE, 
WE 
OE 
Inputs/Outputs 
Mode 


L 
L 
L 
H 
H 
H 
L 
Data Out 
Read 


L 
L 
L 
H 
H 
L 
X 
Data In 
Write 


L 
L 
L 
H 
H 
H 
H 
High Z 
Deselect 


H 
X 
X 
X 
X 
X 
X 
High Z 
Deselect Power-Down 


X 
H 
X 
X 
X 
X 
X 
High Z 
Deselect Power-Down 


X 
X 
H 
X 
X 
X 
X 
High Z 
Deselect Power-Down 


X 
X 
X 
L 
X 
X 
X 
High Z 
Deselect Power-Down 


X 
X 
X 
X 
L 
X 
X 
High Z 
Deselect Power-Down 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


10 
CY7B160-lOVC 
V21 
Commercial 


CY7Bl60-10LC 
L54 


12 
CY7Bl60-12VC 
V21 
Commercial 


CY7Bl60-12LC 
L54 


CY7Bl60-12DMB 
••••• 
D22 
Military 


~X7j3J§lb~4MB» 
<;4 
... 
••• 
15 
CY7Bl60-15VC 
V21 
Commercial 


CY7Bl60-15DMB 
022 
Military 


CY7BI60-15LMB 
L54 


MILITARY 
SPECIFICATIONS 
Group A Subgroup 
Testing 


DC Characteristics 


Parameters 
Subgroups 


VOII 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL Max. 
1,2,3 


II)( 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


ISB 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tAA 
7, 8, 9, 10, 11 


lallA 
7, 8, 9, 10, 11 


tACE 
7, 8, 9, 10, 11 


tOOE 
7, 8, 9, 10, 11 


WRITE CYCLE 


tscE 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tllA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


tSD 
7, 8, 9, 10, 11 


tllD 
7, 8, 9, 10, 11 


• 


---- ~-.~ 
.1_:.••~ 
E CYPRESS 
F 
SEMICONDUCTOR 


Pin Configurations 


DIP 
Top View 


A, 
28 
Vex; 
LCC 


Po,; 
27 
A. 
Top View 


A, 
26 
A, 
.t.:t'<:!.<n~~..,. 


Po,; 
25 
A, 


A, 
24 
A, 
321112827 


Aa 
4 
.. 
26 
A, 


A" 
Po,; 
Po,; 
5 
25 
A, 


A" 
I, 
A" 
6 
24 
A, 


A" 
I, 
A" 
7 
23 
Po,; 


An 
0, 
A" 
8 
78161 
22 
I, 


I, 
0, 
An 
9 
7B162 
21 
I, 


I, 
0, 
i, 
10 
20 
0, 


eel 


I, 
11 
19 
0, 
00 
GEl 
12 
18 
0, 


OE 
WE 
1314151617 


GND 
CEl 


1~~I~liioO 


8161-2 
8161·3 


Features 


• 
Ultra high speed 
- 
10 ns tM 


• 
Low active power 
- 
650mW 


• 
Low standby power 
- 
200mW 


• 
Transparent 
write (7BI61) 
• 
BiCMOS for optimum speed/power 
• 
TTL-compatible 
inputs and outputs 
• 
Capable of withstanding 
greater than 
2001V electrostatic 
discharge. 


Functional 
Description 


The CY7D161 and CY7B162 are high-per- 
formance 
BiCMOS 
static 
RAMs 
orga- 
nized as 16,384by 4 bits with separate !l0. 
These 
RAMs 
are developed 
by Aspen 
Semiconductor 
Corporation, 
a subsidiary 
of Cypress Semiconductor. 
Easy memory 
expansion is provided by active LOW chip 
enables (CE" CEz) and three-state drivers. 
They have a CE power-down feature, re- 
ducing the power consumption 
by 67% 


when deselected. 
Writing to the device is accomplished when 
the c~nable 
(CE" CEz) and write en- 
able (WE) inputs are all LOW Data on 


CY7B161 
CY7B162 


16,384 X 4 Static RAM 
Separate I/O 


the four input pins (10through 13) is written 
into the memory location specified on the 
address pins (Ao through A13). 


Reading the device is accom~hed 
by tak- 


ing the chip enables (CE" ~ 
and OE 


LOW, while write enable (WE) remains 
HIGH. Under these conditions, the con- 
tents of the memory location specified on 
the address pins will appear on the four 
data output pins (00 through 03). 


The 
output 
pins remain 
in high-impe- 


dance state when write enable (WE) is 
LOW @620nly), 
or one of the ct.!!£.en- 
abies (CE" 
CEz) is HIGH, 
or OE 
is 


HIGH. 


I 
7B161-1O 
7B161-12 
7B161-15 


7B162-10 
7BI62--12 
7B162 15 


Maximum Access Time (ns) 
10 
12 
15 


Maximum 0serating 
Commercial 
130 
120 


Current (mA 
Military 
145 
135 


Maximum Standby 
Commercial 
40 
40 


Current (mA) 
Military 
60 
50 


CY7B161 
CY7B162 


Maximum 
Ratings 


(Above which the useful life may be impaired. Exposure to absolute maximum rated conditions for extended periods may affect device 
reliability. For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 


Ambient Temperature 
with 
Power Applied 
- 55°C to + 125°C 
Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 


DC Input VoltagellJ .. . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Static Discharge Voltage 
. 
(per MIL-STD-883, Method 3015) 
Latch-Up Current 
. 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Militaryl21 
- 55°C to + 125°C 
5V ± 10% 


7B161-10 
7B161-12 
7B161-15 


7B162-10 
7B162-12 
7B162-15 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min. I IOH= - 4.0 mA I Com'l 
2.4 
2.4 
2.4 
V 


I 10H= - 2.0 mA I Mil 
2.4 
2.4 
2.4 
V 


VOL 
Output WW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
0.4 
0.4 
V 


VIII 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vec 
2.2 
Vcc 
V 


V'L 
Input LOW Levell'l 
-0.5 
0.8 
-0.5 
0.8 
-0.5 
0.8 
V 


I,x 
Input Load Current 
GND -s- V, -s- Vcc 
-10 
+ 10 
-10 
+10 
-10 
+10 
~A 


loz 
Output Leakage 
GND-S- V,-S- Vcc• 
-10 
+10 
-10 
+10 
-10 
+10 
~ 
Current 
Output Disabled 


Ice 
Vcc Operating 
Vcc = Max., 
Com'l 
130 
120 
mA 


Supply Current 
lOUT= 0 mA, 
Mil 
~ 
135 
f = fm"". 


ISB 
Automatic CE 
CE2. 
VIII, 
Com'l 
40 
40 
mA 


Power-Down Current 
lOUT= 0 mA 
Mil 
60 
50 


Shaded area contains 
preliminary 
information. 


Notes: 
1. 
V1L (min.) = - 3.0V for pulse width 
< 20 ns. 


2. 
TA is the Uinstant 
on" case temperature. 


Parameters 
Description 
Test Conditions 
Max.!'! 
Units 


C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
5 
pF 
COUT 
Output Capacitance 
Vcc = 5.0V 
7 
pF 


ALL INPUT PULSES 


3W~% 
~ 
10% 
10% 


GND ~ 
• 
£3n, 


3OPF1 
INCLUDING 


JIG AND -= 


SCOPE 


(a) 


THEvENIN EQUIVALENT 
167fi 


5 pF 


INCLUDING I 


JIG AND 
- 


SCOPE 
- 
(b) 


• 


CY7B161 
CY7B162 


7B161-1O 
7BI61-12 
7B161-15 


7B162-1O 
7B162-12 
7B162-15 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
10 
12 
15 
ns 


tAA 
Address 
to Data 
Valid 
10 
12 
15 
ns 


toHA 
Output 
Hold 
from 
Address 
Change 
3 
3 
3 
ns 


tACE 
CE 
LOW 
10 Data 
Valid 
10 
12 
15 
ns 


IDOE 
OE 
LOW 
10 Dala 
Valid 
5 
6 
8 
ns 


ILZOE 
OE 
LOW 
to Low 
Z 
2 
2 
3 
ns 


tHZOE 
OE 
HIGH 
10 High 
ZI81 
5 
6 
7 
ns 


tLZGE 
CE 
LOW 
to Low 
ZI91 
2 
2 
3 
ns 


tHZCE 
CE 
HIGH 
10 High 
Z18,91 
5 
6 
7 
ns 


WRITE 
CYCLEll0J 


twc 
Write 
Cycle 
Time 
10 
12 
15 
ns 


tSCE 
CE 
LOW 
to Write 
End 
8 
8 
10 
ns 


tAw 
Address 
Set-Up 
10 Write 
End 
8 
8 
10 
ns 


tHA 
Address 
Hold 
from 
Wrile 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
10 Write 
Start 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Widlh 
8 
8 
10 
ns 


tso 
Dala 
Sel-Up 
10 Wrile 
End 
5 
6 
7 
ns 


tHO 
Dala 
Hold 
from 
Wrile 
End 
0 
0 
0 
ns 


tLZwE 
WE 
HIGH 
10 Low 
ZI9J(7BI62) 
2 
2 
3 
ns 


tHZWE 
WE 
LOW 
to High 
Z18,91(78162) 
5 
6 
7 
ns 


tAwE 
WE 
LOW 
10 Dala 
Valid (7BI61) 
10 
12 
15 
ns 


IADV 
Dala 
Valid 
10 Oulput 
Valid (7BI61) 
10 
12 
15 
ns 


Switching Waveforms(7) 


Read 
Cycle 
No. 
1(11.121 t 
'AA 
~ 


PREVIOUSDATAVA~: =-x ~=================D=A=T=A=V=A=L=ID============== 


Notes: 
4. 
Tested initially and after any design or process changes that mayaffecl 
these 
parameters. 
5. 
For all packages except CerDIP 
(022). 
which has maximums of 


CIN = 8 pF and COUT = 9 pF. 


6. 
Test conditions assume signal transition time of 3 nsar less, timing ref- 
erence levels of 1.5V. input pulse levels of 0 to 3.0V. and output load- 
ing of the specified IoLlIoH and CL = 20 pF. 


7. 
Both CEI and CE2 are represented 
by CE in the Switching Character- 
istics and Waveforms 
section. 


8. 
tHZCE.tHzoE, and tHzwE are specified with CL = 5 pF as in parI (b) 
of AC Test Loads. 1l"ansition is measured 
± 200 mV from steady state 


voltage. 


9. 
At any given temperature 
and voltage condition, 
tHZ is less than tLZ 


for any given device. 
10. The internal write time of the memol)' is defined by the overlap ofCE1 


LOW. CE2 LOW. and WE LOW. Both signals must be LOW to initiale 
a write and either signal can terminate a write by going HIGH. The 
data input set-up and hold timing should be referenced 
to the rising 


edge of the signal that terminates 
the write. 


11. WE is HIGH 
for read cycle. 
12. Device is continuously 
selected. 
CE" 
CE2 = V'L. 


13. Address valid prior to or coincident with CEI and CE2 transtion LOW. 
14. IfCEgoes 
HIGH simultaneously 
with WEHIGH. 
the output remains 


in a high-impedance 
slate (7B162 only). 


CY7B161 
CY7B162 


Read Cycle No. 21".13) 


CE 


IADV1~__ 


DATA OUT 
DATA UNDEFINED 
DATA VALID 
(78162) 
_ 


________________ 
J~ 
I_AW_E 
)k 
DATA OUT 
DATA UNDEFINED 
DATA VALID 
(7C161) 
_ 


6161·9 


• 


CY7B161 
CY7B162 


CEI 
CE, 
WE 
OE 
Outputs 
Inputs 
Mode 


H 
X 
X 
X 
HighZ 
X 
Deselect/Power-Down 


X 
H 
X 
X 
High Z 
X 
Deselect/Power-Down 


L 
L 
H 
L 
Data Out 
X 
Read 


L 
L 
L 
L 
Data In 
Data In 
Write 


L 
L 
L 
H 
High Z 
Data In 
Write 


L 
L 
H 
H 
HighZ 
X 
Deselect 


CEI 
CE, 
WE 
OE 
Outputs 
Inputs 
Mode 


H 
X 
X 
X 
HighZ 
X 
Deselect/Power-Down 


X 
H 
X 
X 
High Z 
X 
Deselect/Power-Down 


L 
L 
H 
L 
Data Out 
X 
Read 


L 
L 
L 
X 
High Z 
Data In 
Write 


L 
L 
H 
H 
HighZ 
X 
Deselect 


Speed 
Package 
Operating 
(ns) 
Ordering 
Code 
Type 
Range 


10 
CY7B161-lOPC 
P21 
Commercial 


CY7BI61-lOVC 
V21 
CY7BI61-lODC 
D22 


12 
CY7B161-12PC 
P21 
Commercial 
CY7B161-12VC 
V21 


CY7B161-12DC 
D22 


¢X7~l6i12,QM~? 


i?\·/ 
GY7B16b12LMB 
<>1· 
154 


15 
CY7BI61-15DMB 
1 
D22 
Military 
CY7B161-15LMB 
1 
L54 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


10 
CY7BI62-lOPC 
P21 
Commercial 
CY7B162-lOVC 
V21 
CY7BI62-lODC 
D22 


12 
CY7B162-12PC 
P21 
Commercial 


CY7B162-12VC 
V21 
CY7B162-12DC 
D22 
¢);7In~2+tit>M:l»? 
1022 
Military 


CY7B162-12LMB? 
1.54 


15 
CY7BI62-15DMB 
022 
Military 


CY7BI62-15LMB 
L54 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 
Parameters 
Subgroups 


READ CYCLE 


1M 
7, 8, 9, 10, 11 


IOHA 
7, 8, 9, 10, 11 


lACE 
7, 8, 9, 10, 11 


lDOE 
7, 8, 9, 10, 11 


WRITE CYCLE 


tSCE 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


tso 
7, 8, 9, 10, 11 


tHO 
7, 8, 9, 10, 11 


tAWE!!5] 
7, 8, 9, 10, 11 


tAoy[l51 
7, 8, 9, 10, 11 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1LMax. 
1,2,3 


IIX 
1,2,3 
Ioz 
1,2,3 


Icc 
1,2,3 


IS8 
1,2,3 


Note: 
15. 7B161 only. 


CY7B161 
CY7B162 


• 


16,384 x 4 Static R/W RAM 


Separate I/O 


• 
Automatic power-down when 
deselected 


• 
Transparent 
write (7CI61) 


• 
CMOS for optimum speed/power 


• 
High speed 
- 
15 ns tM 


• 
Low active power 
- 
633mW 


• 
Low standby power 
- 
220mW 


• 
TTL compatible 
inputs and outputs 


• 
Capable of withstanding 
greater than 
200 IV electrostatic 
discharge. 
Functional 
Description 


The CY7C161 and CY7C162 are high-per- 
formance CMOS static RAMs organized 
as 16,384 by 4 bits with separate I/O. Easy 
memory expansion ~rovided 
by active 


LOW chip enables (CE" CEz) and three- 
state drivers. They have an automatic pow- 
er-down feature, reducing the power con- 
sumption by 65% when deselected. 
Writing to the device is accomplished when 
the c~nable 
(CE" CEz) and write en- 


able (WE) inputs are both LOW. Data on 
the four input pins (10 through 13)iswritten 


into the memory location specified on the 
address pins (Ao through A13). 
Reading the device is accomplished by tak- 
ing the chip enabl~CE" 
CEz) 
LOW 
while write enable (WE) remains HIGH. 
Under these conditions the contents of the 
memory location specified on the address 
pins will appear on the four data output 
pins. 


The output pins stay in hig!0mpedance 
state when write enable 
(WE) is LOW 


~16~nly), 
or one of the chip enables 
(CE" CEz) are HIGH. 
A die coat is used to insure alpha immunity. 


DIP 
Top View 


A, , 
28 
Vcc 


•• 
2 
27 
'" 
A, 
3 
26 •• 
•• • 
25 
A, 


•• 
5 
2. 
A, 
A, 


A" 
6 
23 •• 
'" 
Ao 
A" 
7 7C161 22 
I, 
A, 


A, 
00 


A" 
8 7C162 
21 
I, 
•• 


A2 
A" 
9 
20 
0, 
A, 


A3 
0, 
~ ,. 
19 
0, 
••~ 


A. 
I, 
11 
18 
0, 
I, 


As 
0, 
GEl 
'2 
17 
00 
CE, 


As 
OE 
'3 
16 
WE 


A7 
0, 
GND 


" 


15 
eEz 


C162-2 


eEl 
CEz 


WE 
OE 


C162·1 


Lee 
Top View 


0.., 


J/;j~}' < 


321\2827 
4 
-- 
26 
A,,, 


5 
25 
All 


6 
24 
A,o 


7 
23 
•• 


8 
7e161 
22 
13 


9 
7C162 
21 
12 
10 
20 
03 


11 
19 
O2 


12 
18 
0, 


1314151617 


1~~I~Ii!oO 


7C161-15 
7C161-20 
7C161-25 
7C161-35 
7C161-45 


7C162-15 
7C162-20 
7C162-25 
7C162-35 
7C162-45 


Maximum Access Time (ns) 
15 
20 
25 
35 
45 


Maximum Operating 
Current (mA) 
115 
80 
70 
70 
50 


Maximum Standby Current (mA) 
40/20 
40/20 
20/20 
20/20 
20/20 


CY7C161 
CY7C162 


Maximum 
Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
..... 
- 65°C to + 150°C 
Static Discharge Voltage ..... 
Ambient Temperature 
with 
(per MIl.rSTU-883, Method 3015) 
Power Applied 
.... 
. ... 
- 55°C to + 125°C 
Latch-Up Current. 


Supply Voltage to Ground Potential 
Operating 
Range 
(pin 24 to Pin 12) 
- O.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 
DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.OV to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Electrical 
Characteristics 
Over the Operating Range 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


7C161·15 
7C161-20 
7C161-25,35 
7C161-45 
7C162-15 
7Cl62-20 
7C162-25,35 
7C162-45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


Vall 
Output HIGH Voltage 
Vcc = Min., 
2.4 
2.4 
2.4 
2.4 
V 


1011 = - 4.0 mA 


VOL 
Output LOW Voltage 
Vcc = Min., 
0.4 
0.4 
0.4 
0.4 
V 
IOL = 8.0 mA 


VIII 
Input HIGH Voltage 
2.2 
Vcc 
2.2 
Vcc 
2.2 
Vce 
2.2 
Vee 
V 


V'L 
Input LOW VoltageP] 
-3.0 
0.8 
-3.0 
0.8 
-3.0 
0.8 
-3.0 
0.8 
V 


II)( 
Input Load Current 
GND.::;. VI'::;' Vee 
-10 
+10 
-10 
+10 
-10 
+10 
-10 
+ 10 
j.lA 


Ioz 
Output Leakage 
GND.::;. VI'::;' Vee, 
-10 
+ 10 
-10 
+10 
-10 
+10 
-10 
+10 
j.lA 
Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., 
-350 
-350 
-350 
-350 
mA 
Circuit Currentl21 
VOUT= GND 


Ice 
Vee Operating 
Vee = Max., 
115 
80 
70 
50 
mA 
Supply Current 
lOUT= 0 mA 


ISBl 
Automatic 
CEI Power- 
Max. Vee, 


Down Current 
CEIL 
VIII 
40 
40 
20 
20 
mA 


Min. Duty Cycle = 100% 


IS82 
Automatic CE1 Power- 
Max. Vee, 
Down Current 
CE1 L Vee - 0.3V, 
20 
20 
20 
20 
mA 
V'N L Vee - 0.3V or 
V'N'::;' 0.3V 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 


CoUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Notes: 
1. 
V'L min. = -3.0V for pulse duralions lessthan 30 ns. 
3. 
Testedinitiallyand afler anydesignor processchangesthaI mayaffect 


2. 
Not more than 1 output should be shorted at one time. Duralion of 
Ihese paramelers. 
the short circuit should not exceed 30 seconds. 


CY7C161 
CY7C162 


5V31R148Hl. 


OUTPUT 


30 pF 
R2 
255n 


INCLUD1NGI 
JIG AND -= 
-= 


SCOPE 
(a) 
THEVENIN EQUIVALENT 


167n 


5PF1 
INCLUDING 
JIG AND -= 
SCOPE 
(b) 


ALL INPUT PULSES 


3'OV~ 
90% 


10% 
GNo 


.s..5 ns 
~ 


10% 


•...•. 
.s.. 5 ns 


7C161-15 
7C161-20 
7C161-25 
7C161-35 
7C161-45 
7C162-15 
7C162-20 
7C162-25 
7C162-35 
7C162-45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ CYCLE 


tRe 
Read Cycle Time 
15 
20 
25 
35 
45 
ns 


tAA 
Address to Data Valid 
15 
20 
25 
35 
45 
ns 


loHA 
Output Hold from Address Change 
3 
5 
5 
5 
5 
ns 


tAeE 
CE LOW to Data Valid 
15 
20 
25 
35 
45 
ns 


tDOE 
OE LOW to Data Valid 
10 
10 
12 
15 
20 
ns 


tLZOE 
OE LOW to Low Z 
3 
3 
3 
3 
3 
ns 


tHIDE 
OE HIGH to High Z 
8 
8 
10 
12 
15 
ns 


tLZCE 
CE LOW to Low ZI61 
3 
5 
5 
5 
5 
ns 


tHZCE 
CE HIGH to High Z16,71 
8 
8 
10 
15 
15 
ns 


tpu 
CE LOW to Power-Up 
0 
0 
0 
0 
0 
ns 


tpo 
CE HIGH to Power-Down 
15 
20 
20 
20 
25 
ns 


WRITE CYCLEIS! 


twe 
Write Cycle Time 
15 
20 
20 
25 
40 
ns 


tseE 
CE LOW to Write End 
12 
15 
20 
25 
30 
ns 


tAW 
Address Set-Up to Write End 
12 
15 
20 
25 
30 
ns 


tHA 
Address Hold from Write End 
0 
0 
0 
0 
0 
ns 


tSA 
Address Set-Up to Write Start 
0 
0 
0 
0 
0 
ns 


tpwE 
WE Pulse Width 
12 
15 
15 
20 
20 
ns 


tso 
Data Set-Up to Write End 
10 
10 
10 
15 
15 
ns 


tHO 
Data Hold from Write End 
0 
0 
0 
0 
0 
ns 


tLzwE 
WE HIGH to Low Z161(7C162) 
5 
5 
5 
5 
5 
ns 


tHzwE 
WE LOW to High Z16, 9] (7C162) 
7 
7 
7 
10 
15 
ns 


tAwE 
WE LOW to Data Valid (7C161) 
15 
20 
25 
30 
35 
ns 


tADv 
Data Valid to Output Valid (7C161) 
15 
20 
20 
30 
35 
ns 


Notes: 
4. 
Test conditions 
assume signal transition time of 5 nsor less, timing ref- 
erence levelsof 1.5Y,input pulselevelsof 0 to 3.0Y,and output load- 
ing of the specified IOLlloHand 30-pF load capacitance. 
5. 
BothCE1 and CE2 are represented byCE inthe SwitchingCharacter- 
istics and Waveforms sections. 


6. 
At any giventemperature and voltage condition, tHZis lessthan tLZ 
for any given device. 


7. 
tHZCEand tHzwEare specifiedwith CL = 5 pF as in part (b) of AC 
lest Loads. Transition is measured ± 500 mY from steady state volt- 
age. 


CY7C161 
CY7C162 


Switching Waveforms171 


Read Cycle No. 119.101 tzb.~~ 


DATAOUT-----P-R-EV-IO-U-S-D-A-T-A-v-A-L-~-D------iMXZZ)K~~~~~~~~~~~~~~~~~~D~A~T~A~V~A~L~ID~~~~~~~~~~~~~~= 


luCE 


V 


CC 
tpujt 
!pD 4c=ICC 


SUPPLY 
50% 
50% 
CURRENT 
_ 
IS8 


Cl62-7 


8. 
The internal write time of the memory is defined by the overlap ofCEI 
LOW. CE2 LOW. and WE LOW. Uotlt signals must be LOW to initiate 
a write and either signal can terminate 
a write by going IIIGH. 
The 


data input set-up and hold timing should be referenced 
to the rising 


edge of the signal that terminates 
the write. 


9. 
WE is HIGH for read cycle. 


10. Device is continuously selected, 
eEl, 
eE2 = VIL- 


lI. Address valid prior to or coincident 
with CEI. CE2 transition 
LOW. 


12. if CE goes HIGI [simultaneously 
with WE HIGll. 
the output remains 


in a high-impedance 
slate (7C162 only). 


• 


CY7C161 
CY7C162 


Switching 
Waveforms17) 
(continued) 


Write Cycle No.2 (CE Controlled) 
(8.121 


________________ 
I_" 
t_Aw_E 
)k_---------- 


DATA UNDEFINED 
DATA VALID 
-------------------------- 
------------ 


NORMALIZED 
SUPPLY CURRENT 
-s. SUPPLY VOLTAGE 
1.4 


Jl1.2 


31.0 
o 
~ 
0.8 


::J 
~ 
0.6 
a: 
~ 
0.4 


0.2 


0.0 
~O 
~5 
~O 
~5 


SUPPLY VOLTAGE M 


NORMALIZED 
ACCESS TIME 
vs. SUPPLY VOLTAGE 


1.4 


.J. 1.3 
.J.1.4 


0 
1.2 
0 
w 
w 


N 
N 
1.2 
::J 
::J 
« 
1.1 
« 


::;: 
::;: 
a: 
a: 
1.0 
0 
1.0 
0 
z 
z 


0.9 


0.8 


4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE M 


a> 
.!!' 1.0 
30.8 
o 
w 
N 
~ 
0.6 
::;: 
~ 
0.4 
z 


0.0 


-55 
25 
125 


AMBIENT TEMPERATURE (DC) 


0.6 


-55 
25 
125 


AMBIENT TEMPERATURE (DC) 


OUTPUT 
SOURCE 
CURRENT 


_ 
vs. OUTPUT 
VOLTAGE 
1120 


!z 100 
wa:a: 
::>U 
wu 
a: 
::>0 
40 
(f) 
f-- 
::> 
20 
"-5 
0 
0 
0.0 
1.0 
2.0 
3.0 


OUTPUT VOLTAGE M 


OUTI'UT 
SINK CURRENT 


-s. OUTPUT 
VOLTAGE 
« 140 
.s 120 
f--z~1oo 
a: 
13 
80 


:.::z 
60 
ii5 
5 
"-5o 


1.0 
2.0 
3.0 


OUTPUT VOLTAGE M 


CY7C161 
CY7C162 


TYPICAL POWER·ON 
CURRENT 


\'S. SUPPLY VOLTAGE 


3.0 


j' 2.5 


fa 20 
N::; 
~ 
1.5 
a: 
~ 
1.0 


0.5 
./ 
--' 
0.0 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY VOLTAGE M 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT 
LOADING 
_ 
30.0 
en.s 
.J. 25.0 


fa 
20.0 
N::; 
~ 
15.0 
a: 
~ 
10.0 


Vcc = 5.0V 
TA = 25°C 
Vcc = 0.5V 


0.50 
10 
20 
30 
40 


CYCLE 
FREQUENCY 
(MHz) 


Address 
Address 
Pin 
Name 
Function 
Number 


A5 
X3 
1 


A6 
X4 
2 


A7 
X5 
3 


A8 
X6 
4 


A9 
X7 
5 


AlO 
YO 
6 


All 
Yl 
7 


Al2 
Y5 
8 


Al3 
Y4 
9 


AO 
Y3 
23 


Al 
Y2 
24 


A2 
XO 
25 


A3 
Xl 
26 


A4 
X2 
27 


fII 


CY7C161 
CY7C162 


Speed 
Package 
Operating 


(n5) 
Ordering 
Code 
Type 
Range 


15 
CY7C161-15PC 
P21 
Commercial 


CY7C161-15VC 
V21 


CY7C161-15DC 
D22 


CY7C161-15LC 
L54 


20 
CY7CI61-20PC 
P21 
Commercial 


CY7CI61-20VC 
V21 


CY7CI61-20DC 
D22 


CY7CI61-20LC 
L54 


25 
CY7CI61-25PC 
P21 
Commercial 


CY7CI61-25VC 
V21 


CY7CI61-25DC 
D22 


CY7C161-25LC 
L54 


35 
CY7C161-35PC 
P21 
Commercial 


CY7C161-35VC 
V21 


CY7C161-35DC 
D22 


CY7C161-35LC 
L54 


45 
CY7C161-45PC 
P21 
Commercial 


CY7C161-45VC 
V21 


CY7C161-45DC 
D22 


CY7C161-45LC 
L54 


Speed 
Package 
Operating 


(n5) 
Ordering 
Code 
Type 
Range 


15 
CY7C162-15PC 
P21 
Commercial 


CY7C162-15VC 
V21 


CY7C162-15DC 
D22 


CY7C162-15LC 
L54 


20 
CY7C162-20PC 
P21 
Commercial 


CY7CI62-20VC 
V21 


CY7CI62-20DC 
D22 


CY7CI62-20LC 
L54 


25 
CY7C162-25PC 
P21 
Commercial 


CY7C162-25VC 
V21 


CY7C162-25DC 
D22 


CY7C161-25LC 
L54 


35 
CY7C162-35PC 
P21 
Commercial 


CY7C162-35VC 
V21 


CY7C162-35DC 
D22 


CY7C162-35LC 
L54 


45 
CY7C162-45PC 
P21 
Commercial 


CY7C162-45VC 
V21 


CY7C162-45DC 
D22 


CY7C162-45LC 
L54 


• 
CY7C161A 
~I-~"·~ 
CY7C162A 
-::I ~~feb~=-DU=-C=-T=-O=-R=- 
===- ===-1=-6,=-3=-84=-x=-4=- 
==St=-a=-ti=-c=-R=-/W=- 
==RAM=- 
====- 


Separate 
I/O 


into the memory location specified on the 
address pins (Ao through Au)· 
Reading the device is accomplished by tak- 
ing the chip enabl~CE" 
CE2) 
LOW 


while write enable (WE) remains HIGH. 
Under these conditions the contents of the 
memory location specified on the address 
pins will appear on the four data output 
pins. 
The output pins stay in hig!0mpedance 
state when write enable (WE) is LOW 
~162A 
only), or one of the chip enables 


(CE" CE2) are HIGH. 


A die coat is used to insure alpha immunity. 


• 
Capable of withstanding 
greater than 
2001V electrostatic 
discharge. 
Functional 
Description 


The CY7CI61A and CY7C162A are high- 
performance 
CMOS static RAMs orga- 
nizes as 16,384by 4 bits with separate I/O. 
Easy memory expansion is.E!:9videdby ac- 
tive LOW chip enables (CE" 
CE2) 
and 
three-state drivers. They have an automat- 
icpower-down feature, reducing the power 
consumption by 60% when deselected. 


Writing to the device isaccomplished when 
the c~nable 
(CE" CE2) and write en- 
able (WE) inputs are both LOW. Data on 
the four input pins (10 through 13) iswritten 


• 
Automatic power-down when dese- 
lected 
• 
Transparent 
write (7CI61A) 
• 
CMOS for optimum speed/power 


• 
High speed 
- 
15 ns tM 


• 
Low active power 
- 
550mW 


• 
Low standby power 
- 
220mW 


• 
TTL-compatible 
inputs and outputs 


28 
Vcc 


27 
A. 


26 
A, 


25 
A2 


24 
Al 
A, 


I, 
I, 
0, 
0, 
0, 
0, 


WE 
eE2 


fII 


LCC 
Top View 
~~~~; 


321'12827 


A3 
4 
-- 
26 
Au 


~ 
5 
25 
All 
~ 
6 
24 
A10 


•• 
7 
23 
A, 


~~: ~g~~~~~13 
~ 
I, 


~ 
10 
20 
0, 


II 
11 
19 
O2 


~I 
12 
18 
01 


1314151617 


1l'J ~1~I~oO 


C161A·3 


7C161A-15 
7C161A-20 
7C161A-25 
7C161A-35 
7C161A-45 


7C162A-15 
7C162A-20 
7C162A-25 
7C162A-35 
7C162A-45 


Maximum Access Time (ns) 
15 
20 
25 
35 
45 


Maximum Operating 
Commercial 
115 
100 
100 
100 
100 
Current (mA) 
Military 
100 
100 
100 
100 


Maximum Standby 
Commercial 
40/20 
20 
30/20 
30/20 
30/20 
Current (mA) 
Military 
40/20 
40/20 
30/20 
30/20 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 
. 


Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage to Ground Potential 
Operating 
Range 
(Pin 24 to Pin 12) 
- O.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Electrical 
Characteristics 
Over the Operating Rangel21 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Militaryll] 
- 55°C to + 125°C 
5V ± 10% 


7C161A·15 
7C161A-20 
7C161A-25 
7C161A-35,45 


7C162A·15 
7C162A-20 
7C162A·25 
7C162A-35,45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc - Min.,loH - -4.0mA 
2.4 
2.4 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min .• IOL= 8.0 mA 
0.4 
0.4 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vcc 
2.2 
Vcc 
2.2 
Vcc 
2.2 
Vcc 
V 


VIL 
Input LOW VoltagelJl 
-3.0 
0.8 
-3.0 
0.8 
-3.0 
0.8 
-3.0 
08 
V 


I", 
Input Load Current 
GND.:;;. VI':;;' Vcc 
-10 
+10 
-10 
+10 
-10 
+10 
-10 
+10 
llA 


Ioz 
Output Leakage 
GND.:;;. VI':;;' Vcc• 
-10 
+10 
- 10 
+10 
-10 
+ 10 
-10 
+10 
llA 
Current 
Output Disabled 


100 
Output Short 
Vcc - Max.• 
-350 
-350 
-350 
-350 
mA 
Circuit Currentl41 
VOUT= GND 


Ice 
Vcc Operating 
Vcc = Max. 
Com'l 
115 
100 
100 
100 
mA 


Supply Current 
lOUT= 0 mA 
Mil 
100 
100 
100 


ISBI 
Automatic CE 
Max. Vcc• 
Com'l 
40 
40 
30 
30 
mA 
Power·Down Current 
CE2. 
VIH, 


Min. Duty 
Mil 
40 
40 
30 
Cycle = 100% 


ISB2 
Automatic CE 
Max Vcc, 
Com'l 
20 
20 
20 
20 
mA 
Power-Down Current 
CE, 2. Vcc - 0.3V, 
VIN2. Vcc - 0.3V 
Mil 
20 
20 
20 
or VIN.:;;.O.3V 


Parameters 
Description 
Test Conditions 
Max. 
Units 
CIN 
Input Capacitance 
TA = 25°C,f= 
1 MHz, 
10 
pF 
COUT 
Output Capacitance 
Vcc = 5.0V 
10 
pF 


Notes: 
1. 
TA is the "instant 
on" case temperature. 
2. 
See the last page of this specification 
for Group A subgroup 
testing 


information. 
3. 
VIL min. = -3.0V 
for pulse durations 
less than 30 ns. 
AC Test Loads and Waveforms 


4. 
Not more than 1 output 
should be shorted at one time. Duralion 
of 


the short circuit should not exceed 30 seconds. 


5. 
'Iested initially and after any design or process changes that moy affect 
these parameters. 


30PFr 
INCLUDING 


JIG AND '= 


SCOPE 


(a) 


THEVENIN 
EQUIVALENT 
167fi 


5PFr 
INCLUDING 
JIG AND -= 


SCOPE 
(b) 


CY7C161A 
CY7C162A 


7C161A-15 
7C16lA-20 
7C161A-25 
7C16lA-35 
7C161A-45 


7C162A-15 
7C162A-20 
7C162A-25 
7C162A-35 
7C162A-45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle Time 
15 
20 
25 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
15 
20 
25 
35 
45 
ns 


toHA 
Output 
Hold 
from 
3 
5 
5 
5 
5 
ns 
Address 
Change 


tACE 
CE WW 
to Data 
Valid 
15 
20 
25 
35 
45 
ns 


tOOE 
OE 
WW 
to Data 
Valid 
10 
10 
12 
15 
20 
ns 


tLWE 
OEWWtoWWZ 
3 
3 
3 
3 
3 
ns 


tHWE 
OE 
HlGH 
to HlGH 
Z 
8 
8 
10 
12 
15 
ns 


tUCE 
CE 
WW 
to Low ZI81 
5 
5 
5 
5 
5 
ns 


tHZCE 
CEHlGHto 
8 
8 
10 
15 
15 
ns 
High 
ZI8.9) 


tpu 
CE WW 
to Po~r-Up 
0 
0 
0 
0 
0 
ns 


tpo 
CE 
HlGH 
to 
15 
20 
20 
20 
25 
ns 
~r-Down 


WRiTE CYCLE(lOj 


twc 
Write Cycle Time 
15 
20 
20 
25 
40 
ns 


tSCE 
CE WW 
to Write 
End 
12 
15 
20 
25 
30 
ns 


tAW 
Address 
Set-Up 
to 
12 
15 
20 
25 
30 
ns 
Write 
End 


tHA 
Address 
Hold 
from 
0 
0 
0 
0 
0 
ns 
Write 
End 


tSA 
Address 
Set-Up 
to Write 
0 
0 
0 
0 
0 
ns 
Start 


tpWE 
WE 
Pulse Width 
12 
15 
15 
20 
20 
ns 


tso 
Data 
Set-Up 
to 
10 
10 
10 
15 
15 
ns 
Write 
End 


tHO 
Data 
Hold 
from 
0 
0 
0 
0 
0 
Write End 
ns 


tuWE 
WE 
HlGH 
to 
5 
5 
5 
5 
5 
Low Z[8) (7CI62A) 
ns 


tHZWE 
WEWWto 
7 
7 
7 
10 
15 
High 
ZI8.9) (7C162A) 
ns 


tAwE 
WEWWto 
15 
20 
25 
30 
35 
Data 
Valid (7CI61A) 
ns 


tADV 
Data 
Valid to 
15 
20 
20 
30 
35 
Output 
Valid (7CI61A) 
ns 


Notes: 
6. 
Test conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified IOLlIoH and 30-pF load capacitance. 
7. 
Both CE, and CE2 are represented 
by CE in the Switching Character- 


istics and Waveforms 
sections. 
8. 
At any given temperature 
and voltage condition, 
tHZ is less than tu 
for any given device. 
9. 
tHZCE and tHZWEare specified with CL = 5 pF as in part (b) of AC 
Test Loads and Waveforms. Transition is measured ± 500 mV from 
steady state voltage. 


10. The internal write time of the memory is defined by the overlap ofCE, 


LOW, CE2 LOW, and WE LOW. Both signals must be LOW to initiate 
a write and either signal can terminate 
a write by going HIGH. The 


data input set-up and hold timing should be referenced 
to the rising 


edge of the signal that terminates 
the write. 
1J. WE is HIGH 
for read cycle. 


12. Device is continuously 
selected, 
CE" 
CE2 
= V'L' 


13. Address valid prior to or coincident 
with CE •• CE2 transition 
LOW. 


14. IfCEgoes 
HIGH simultaneously 
with WE HIGH, 
the output remains 


in a high-impedance 
state (7C162A 
only). 


• 


CY7C161A 
CY7C162A 


Switching Waveforms17j 


Read Cycle No. 
1[11,12] 


IoHA 


PREVIOUS DATA VALID 


Vcc 
SUPPLY 
CURRENT 


UCE 


!Pu -1.., 
!PD =-J,---ICC 


--------.If 
50% 
50%1'-- ISB 


C161A-7 


DATA OUT 


(7C162A) 


___________________ 
IA_D_V_J< 
DATA OUT 
DATA UNDEFINED 
DATA VALID 
(7C161A) 
_ 


CY7C161A 
CY7C162A 


Switching Waveforms (continued) 


Write Cycle No.2 (CE Controlled),,···4] 


!so 


DATA-IN 
VALID 
• 


~========D=A=T=A=U=N=D=E=F='N=E=D====I.==================* 
D_A_TA_V_A_L1_D 
_ 


NORMALIZED 
SUPPLY CURRENT 


\'S. SUPPLY VOLTAGE 
1.4 


NORMALIZED 
SUPPLY CURRENT 


\'S. AMBIENT 
TEMPERATURE 


1.2 


" 
..9 


0.8 
0 
w 
N 
::J 
0.6 
«: 
::;:a: 0.4 
0 
Vcc = 5.0V 
Z 
V'N= 5.0V 
0.2 
ISB 


31.0 
o 
w 
N 
::J 
«: 
::;:a: 
~ 
0.4 


0.2 


0.0 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE 
M 


NORMALIZED 
ACCESS TIME 


\'S. SUPPLY VOLTAGE 
1.4 


0.0 
-55 
25 
125 
AMBIENT 
TEMPERATURE 
(0C) 


NORMALIZED 
ACCESS TIME 


\'S. AMBIENT 
TEMPERATURE 
1.6 


~ 
1.3 
.)14 


0 
1.2 
0 


w 
w 


N 
N 
1.2 
::J 
::J 


«: 
1.1 
«: 


::;: 
::;: 
a: 
a: 
1.0 
0 1.0 
0 
z 
z 


0.9 


0.8 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE 
M 


0.6 
-55 
25 
125 
AMBIENT 
TEMPERATURE 
(0C) 


OUTPUT 
SOURCE 
CURRENT 


_ 
\'S. OUTPUT 
VOLTAGE 
:g,120 


!z 100 
wa:a: 
::JU 
wU 
a: 
::J 
5l 
40 
~ 
Cl. 
20 
~o 
0 
0.0 
1.0 
2.0 
3.0 


OUTPUT 
VOLTAGE 
M 


OUTPUT 
SINK CURRENT 


\'S. OUTPUT 
VOLTAGE 
« 140 
.s 120 
I-z 
~ 
100 
a: 
i3 
80 
~z 
60 
en 
~ 
Cl. 
~o 


1.0 
2.0 
3.0 


OUTPUT 
VOLTAGE 
M 


CY7C161A 
CY7C162A 


TYPICAL POWER-oN 
CURRENT 


vs. SUPPLY VOLTAGE 
3.0 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT 
WADING 
30.0 
Vcc = 5.0V 
TA = 25°C 
Vcc = 0.5V 


/ 
--'" 


~ 
2.5 
@ 20 
N:J 
~ 
1.5 
a: 
~ 10 


0.5 


0.0 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY VOLTAGE M 


., 
.s 20.0 
~ 
- 
15.0 
~ 
~ 
10.0 


65432 


7 


26 
2524 
23 


22 


20 
30 
40 


CYCLE FREQUENCY (MHz) 


Address 
Address 
Pin 
Name 
Function 
Number 


A5 
X3 
1 


A6 
X4 
2 


A7 
X5 
3 


A8 
X6 
4 


A9 
X7 
5 


AlO 
YO 
6 


All 
Yl 
7 


A12 
Y5 
8 


Al3 
Y4 
9 


AO 
Y3 
23 


Al 
Y2 
24 


A2 
XO 
25 


A3 
Xl 
26 


A4 
X2 
27 


CY7C161A 
CY7C162A 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
'IYpe 
Range 


15 
CY7C161A-15PC 
P21 
Commercial 


CY7C161A-15VC 
V21 


CY7C161A-150C 
022 


CY7C161A-15LC 
L54 


20 
CY7CI61A-20PC 
P21 
Commercial 


CY7CI61A-20VC 
V21 


CY7CI61A-200C 
022 


CY7CI61A-20LC 
L54 


CY7CI61A-200MB 
022 
Military 


CY7CI61A-20LMB 
L54 


25 
CY7CI61A-25PC 
P21 
Commercial 


CY7CI61A-25VC 
V21 


CY7CI61A-250C 
022 


CY7C161A-25LC 
L54 


CY7CI61A-250MB 
022 
Military 


CY7CI61A-25LMB 
L54 


35 
CY7C161A-35PC 
P21 
Commercial 


CY7C161A-35VC 
V21 


CY7C161A-350C 
022 


CY7C161A-35LC 
L54 


CY7C161A-350MB 
022 
Military 


CY7C161A-35LMB 
L54 


45 
CY7CI61A-45PC 
P21 
Commercial 


CY7CI61A-45VC 
V21 


CY7C161A-450C 
022 


CY7C161A-45LC 
L54 


CY7C161A-450MB 
022 
Military 


CY7CI61A-45LMB 
L54 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
'IYpe 
Range 


15 
CY7CI62A-15PC 
P21 
Commercial 


CY7C162A-15VC 
V21 


CY7CI62A-150C 
022 


CY7CI62A-15LC 
L54 


20 
CY7CI62A-20PC 
P21 
Commercial 


CY7CI62A-20VC 
V21 


CY7CI62A-200C 
022 


CY7CI62A-20LC 
L54 


CY7CI62A-200MB 
022 
Military 


CY7CI62A-20LMB 
L54 


CY7CI62A-20KMB 
K74 


25 
CY7CI62A-25PC 
P21 
Commercial 


CY7CI62A-25VC 
V21 


CY7CI62A-250C 
022 


CY7CI61A-25LC 
L54 


CY7CI62A-250MB 
022 
Military 


CY7CI62A-25LMB 
L54 


CY7CI62A-25KMB 
K74 


35 
CY7CI62A-35PC 
P21 
Commercial 


CY7CI62A-35VC 
V21 


CY7C162A-350C 
022 


CY7C162A-35LC 
L54 


CY7CI62A-350MB 
022 
Military 


CY7C162A-35LMB 
L54 


CY7CI62A-35KMB 
K74 


45 
CY7CI62A-45PC 
P21 
Commercial 


CY7CI62A-45VC 
V21 


CY7C162A-450C 
022 


CY7CI62A-45LC 
L54 


CY7C162A-450MB 
022 
Military 


CY7CI62A-45LMB 
L54 


CY7CI62A-45KMB 
K74 


CY7C161A 
CY7C162A 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1LMax. 
1,2,3 


II)[ 
1,2,3 


Ioz 
1,2,3 


Ios 
1,2,3 


Icc 
1,2,3 


IsB! 
1,2,3 


ISB2 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


tOHA 
7, 8, 9, 10, 11 


tACE 
7, 8, 9, 10, 11 


tDOE 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tSCE 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


tso 
7, 8, 9, 10, 11 


tHO 
7, 8, 9, 10, 11 


tAwE1!SI 
7, 8, 9, 10, 11 


tADyl!SI 
7, 8, 9, 10, 11 


Notes: 
IS. 7CI61A 
only. 
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-:JE CYPRESS 
F 
SEMICONDUCTOR 


ADVANCED 
INFORMATION 


Features 


• 
High speed 
- 
12 ns tM 


• Five chip enables (CE.,2>J and CE.,s) 
to expand memory 
• BiCMOS for optimum speed/power 
• Low active power 
- 
605mW 


• Low standby power 
- 
275mW 


• Automatic power-down when 
deselected 
• TTIfcompatible 
inputs and outputs 


Expandable 262,144 x 1 Static 
R/W RAM with Separate I/O 
Functional Description 
The 
CY7B163 
is 
a 
high-performance 
BiCMOS static RAM organized as 262,144 
words by 1 bit. Easy memory expansion is 
Rrovided five chip enables 
for each part 
(CElo CE" CE" CE., and CEs). The active 
HIGH and active LOW chip enables pro- 
vide on-ehip address decoding, eliminating 
the need for external decoder logic. 
The CY7B163 has an automatic 
power- 
down feature, 
reducing 
the power con- 


sumption by more than 60% when dese- 
lected by any CE input. 


Writing to the device is accomplished when 
CEh2,) and WE are LOW, and CE.,s are 
HIGH. Data on the input pin (DIN)iswritten 


into the memory location specified on the 
address pins (Au through Al7). 


Reading the device is accomplished ~king 
chip enables CEloM LOW while WE and 
chip enables 
CE." 
remain 
HIGH. 
Under 
these conditions, the contents of the memory 
location specified by the address pins will ap- 
pear on the data output pin (DouT). 


The output 
pin (DOUT)is in a high-impe- 


dance state when the device is deselected 
(any of: CE1•2., HIGH 
or ~s 
LOY{1 or 


during a write operation 
(WE and CE1•2., 


LOW and CE •., HIGH). 
The CY7B163 is available in lead less chip 
carriel> and space-saving 300-mil-wide DIPs 
and SOJs. 


Pin Configurations 


DIP/SOJ 
Top View 
~ ~ 
Vcc 
28 
A, 
27 
A" 


A, 
26 
A" 


A" 
25 
A" 
A" 
•.. 
2' 
A •• 
~ 
eEl 
6 
23 
CE, 


CE, 


A, 


A" 
7 78163 22 
A" 
A" 
~ 
8 
21 
A" 
A, 


A, 
9 
20 
CE, 
CE3 


CE3 
10 
19 
Au 
NC 
•.. 
11 
18 
A" 
•.. 


Ow< 
12 
17 ~ 
WE 
13 
16 
0,. 


GND ,. 
15 
eEl 


8163-2 


LCC 


Top View 


~<~~~~; 


4321\323130 


5 
•• 
29 
A1!1 


6 
28 
Au 


7 
27 
CE!> 


8 
26 
NC 
9 
78163 
25 
A'3 


10 
24 
All 


11 
23 
CE~ 


12 
22 
All 
13 
21 
A\o 


14151617181920 
51W Cl01wZOl 
8:: t§zooc{ 


78163-12 
78163-15 
78163-20 


Maximum Access Time (ns) 
12 
15 
20 


Maximum 0serating 
Commercial 
110 
110 
110 
Current (mA 
Military 
120 
120 


Maximum Standby 
Commercial 
50 
50 
50 
Current (mA) 
Military 
60 
60 


! .•..•.•.•.ILII 
.•.•• u.•.•••' •.••.•••6"' 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage... 
> 200IV 


Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 
Power Applied 
-55°Cto 
+ 125°C 
Latch-UpCurrent........ 
>200mA 


Supply Voltage on Vcc relative to GND!II .. 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage App,lied to Outputs 
in High Z State IJ . . . . . . . . . . . . . . . . . . . . . .. 
- O.5V to + 7.0V 


DC Input Voltage!!) 
. . 
- 0.5V to + 7.0V 


Current into Outputs (LOW) . . . . . . . 
. ..... 
20 mA 


Ambient 
Range 
Temperaturel21 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
- 55°C to + 125°C 
5V ± 10% 


78163-12 
78163-15, 
20 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min.,IoH 
= -4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min.,IoL 
= 0.8 mA 
0.4 
0.4 
V 


V1H 
Input HIGH Voltage 
2.2 
Vcc 
2.2 
Vcc 
V 


V1L 
Input LOW Voltage!!) 
- 0.3 
0.8 
- 0.3 
0.8 
V 


Ilx 
Input Load Current 
GND~ 
Vl~ 
Vcc 
-10 
+10 
-10 
+10 
flA 


Ioz 
Output Leakage Current 
GND ~ 
Vo~ 
Vcc, Output Disabled 
-10 
+10 
-10 
+10 
iLA 


Ios 
Output Short Circuit 
Vcc = Max., VOUT= GND 
- 300 
- 300 
mA 


Current!4] 


Icc 
Vcc Operating Supply 
Vcc = Max., lOUT= 0 mA 
Com'l 
110 
110 
mA 


Current 
f = fMAX 
= I/tRc 
Mil 
120 
120 


ISB1 
Automatic 
CE 
Power- 
CE4,s ~ 
V,L, 
Com'l 
50 
50 
mA 


Down Current 
V'N 2. V,H or V1N~ 
V1L 


-TTL Inputs 
Mil 
60 


ISB2 
Automatic 
CE 
Power- 
Max. Vcc, CE1.2•3 2. Vcc - O.3V,or 
Com'l 
30 
30 
mA 


Down Current 
CE4,s~ 0.3V,V1N2. Vcc - 0.3V or 


-CMOS Inputs 
V1N<0.3V,f=0 
Mil 
40 


Parameters 
Description 
Test Conditions 
Max. 
Units 
- 
C1N 
Input Capacitance 
TA = 25°C,f= 
1 MHz 
10 
pF 
-- 
Vcc = 5.0V 
COUT 
Output Capacitance 
10 
pF 


Notes: 
1. 
V1L (Min) = -3.0V 
for pulse durations 
of less than 20 ns. 
2. 
TA is the "instant on" case temperature. 


3. 
See the last page of this specification 
for Group A subgroup 
testing 
information. 


4. 
Not more than 1 output 
should be shorted 
at one time. Duration 
of 
the short circuit should not exceed 30 seconds. 


5, 
Tested initiaJly and after any design or process changes that may affect 
these parameters. 


5V 


OUTPUT 


5V 


OUTPUT 


20 


PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(a) 


5 
PFI 
INCLUDING 


JIG AND 
_ 
SCOPE 
- 
(b) 


30V::§t 


00% 


10% 


GND 


..s.3ns 
Jt: 


'0% 


•..••. 
..:S.. 3 ns • 


78163-12 
78163-15 
78163-20 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRc 
Read 
Cycle 
Time 
12 
15 
20 
ns 


tAA 
Address 
to Data 
Valid 
12 
15 
20 
ns 


laHA 
Output 
Hold 
from 
Address 
Change 
3 
3 
3 
ns 


tACE 
CE,,2,] 
LOW 
and CE.,s 
HIGH 
to Data 
Valid 
12 
15 
20 
ns 


tLUE 
CE,,2,] 
LOW 
and CE.,s 
HIGH 
to Low 
Zl71 
3 
3 
3 
ns 


tHZCE 
CE,,2,] 
HIGH 
or CE.,s 
LOW 
to High 
Z17,81 
7 
8 
10 
ns 


tpu 
CEI,2,] 
LOW 
and CE.,s 
HIGH 
to Power-Up 
0 
0 
0 
ns 


tPD 
CEI,2,] 
HIGH 
or CE.,s 
LOW 
to Power-Down 
12 
15 
20 
ns 


WRITE 
CYCLEI91 


twc 
Write 
Cycle 
Time 
12 
15 
20 
ns 


tSCE 
CEI,2,] 
LOW 
and CE.,s 
HIGH 
to Write 
End 
9 
10 
15 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
9 
10 
15 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
tD Write 
Start 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
9 
10 
15 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
7 
8 
10 
ns 


tllD 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z(71 
2 
2 
2 
ns 


tHzwE 
WE 
LOW 
to High 
Z[7,81 
7 
7 
10 
ns 


Notes: 
6. 
Test conditions assume signal transition 
time of 3 os or less, timing ref- 


erence levels of 1,5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified 10LIIoH and 20 pF load capacitance. 
7. 
At any given temperature 
and voltage condition, 
tHZCE 
is less than 
tLZCEand tHzwE is less than tLZwE for any given device. 
8. 
tHZCEand tHzwE are specified with a load capacitance 
of 5 pF as in 


part (h) in AC Test Loads and Waveforms. 
TransItion 
is measured 
± 500 mV from steady state voltage. 


9. 
The internal write time of the memory is defined 
by the overlap of 


CEI,2,] LOW, CE.,s HIGH, 
and WE LOW. All signals must be as- 


serted to initiate a write, and by being deasserted, 
any signal can ter- 


minate a write. The data input set-up and hold timing should be refer- 
enced to the rising edge of the signal that terminates 
the write. 


Switching Waveforms 


Read 
Cycle 
No. 
1110.III 


IoHA 


PREVIOUS DATA VALID 


Read 
Cycle 
No. 2(121 


ADDRESS =>< 
X 
_ 


tuCE 
• 


Vcc 
4>u=t 
SUPPLY 
50% 
CURRENT - 
_ 
~4=-'cc 
50% 


(S8 


J:-----tsD 


DATA IN 
)1\. 
DATA VALID 


Notes: 
10. WE is HIGH 
for read eyde. 


II. 
Device is continuously 
selected, 
CE,.2•3..s. 
V,L and CE •.5 2. VIH. 
12. Address valid prior to or coincident 
with CE transition 
LOW 


13. If any of CE,.2•3 goes HIGH or CE •.5 goes LOW simultaneously 
with 


WE HIGH, 
the output 
remains in a high-impedance 
state. 


Switching Waveforms (continued) 


Write Cycle No.2 (WE Controlled)!") 


CE, 
CE2 
CE, 
CE. 
CEs 
WE 
Dour 
Mode 
Power 


L 
L 
L 
H 
H 
H 
Data Out 
Read 
Active (Ice) 


L 
L 
L 
H 
H 
L 
HighZ 
Write 
Active (Ice) 


H 
X 
X 
X 
X 
X 
High Z 
Power-Down 
Standby (IsB) 


X 
H 
X 
X 
X 
X 
High Z 
Power-Down 
Standby (ISB) 


X 
X 
H 
X 
X 
X 
High Z 
Power-Down 
Standby (IsB) 


X 
X 
X 
L 
X 
X 
High Z 
Power-Down 
Standby (lsB) 


X 
X 
X 
X 
L 
X 
High Z 
Power-Down 
Standby (lSB) 


• 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


12 
CY7B163-12PC 
P21 
Commercial 


CY7B163-12VC 
V21 


CY7B163-120C 
022 


CY7B163-12LC 
155 


15 
CY7B163-15PC 
P21 
Commercial 


CY7B163-15VC 
V21 


CY7B163-150C 
022 


CY7B163-15LC 
155 


CY7B163-150MB 
022 
Military 


CY7BI63-15LMB 
155 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V,LMax. 
1,2,3 


1", 
1,2,3 


Ioz 
1,2,3 


Ios 
1,2,3 


Icc 
1,2,3 


ISB1 
1,2,3 


ISB2 
1,2,3 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


20 
CY7BI63-20PC 
P21 
Commercial 


CY7B163-20VC 
V21 


CY7B163-200C 
022 


CY7B163-20LC 
155 


CY7B163-200MB 
022 
Military 


CY7BI63-20LMB 
155 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


toHA 
7, 8, 9, 10, 11 


tACE 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tSCE 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


tso 
7, 8, 9, 10, 11 


tHO 
7, 8, 9, 10, 11 


~_.~ 


-:4 CYPRESS 
- 
F 
SEMICONDUCTOR 


CY7B164 
CY7B166 


Features 


• BiCMOS for optimum speed/power 


• High speed 


- 
tM = 10 ns 


• 
Low active power 
- 
650mW 


• Low standby power 
- 
200mW 


• Output Enable (OE) feature (7BI66) 
• TTL-compatible 
inputs and outputs 
• Capable of withstanding 
greater than 


2001V electrostatic 
discharge 


Functional Description 
The CY7BI64 and CY7BI66 are high-per- 
formance BiCMOS static RAMs organized 
as 16,384x 4 bits. Easy memory expansion 
i~ovided 
by an active LOW chip enable 
(CE) 
and 
three-state 
drivers. 
The 
CY7BI66 has an active LOW output en- 
able (OE) feature. Both devices have an au- 
tomatic power-down feature, reducing the 
power consumption 
by 67% when dese- 
lected. 


Writing to the device is accomplished when 
the chip enable (CE) and write enable (WE) 
inputs are both LOW. Data on the four 


input/output 
pins (I/Oo through I/O) 
is writ- 
ten into the memory location specified on 
the address pins (Ae through Al3). 


Reading the device is accomplished by taking 
chip enable (CE) LOW (and OE LOW for 
7BI66) while write enable 
(WE) remains 


HIGH. Under these conditions the contents 
of the memory location specified on the ad- 
dress pins will appear on the four data I/O 
pins. 


The I/O pins stay~ 
high.impedance 
state 


when ~ 
enable (CE) is HIGH, or write en- 
able (WE) is LOW (or output enable (OE) 
is HIGH for 7B166). 
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(79166 ONLY) 
1~~SiIH' 


9164-' 
8164-5 
8164-6 


Selection Guide 


7B164-10 
7B164-12 
7B164-15 


7B166-10 
7B166-12 
7B166·15 


Maximum Access Time (ns) 
10 
12 
15 


Maximum 0rrating 
Commercial 
130 
120 


Current (mA 
Military 
135 


Maximum Standby 
Commercial 
40 
40 
T 


Current (mA) 
Military 
50 


• 


CY7B164 
CY7B166 


Maximum 
Ratings 
(Above which the useful life may be impaired. Exposure to absolute maximum rated conditions for extended periods may affect device 
reliability. For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage....... 
> 200IV 
Ambient Temperature 
with 
(per MIL-STD-883, 
Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current..................... 
>200 mA 


Supply Voltage to Ground Potential. 
. . . . .. 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage Applied to Outputs 
in High Z State. . . . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


DC Input Voltage(11 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Temperature 
Vce 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military(2l 
- 55°C to + 125°C 
5V ± 10% 


Electrical 
Characteristics 
Over the Operating Rangel3l 


7B164-10 
7B164-12 
7B164-15 


7B166-1O 
7B166-12 
7B166-15 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min. 
Com'l 
2.4 
2.4 
2.4 
V 


Mil 


VOL 
Output LOW Voltage 
0.4 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
2.2 
Vee 
V 


V1L 
Input LOW Voltagell\ 
-0.5 
0.8 
-0.5 
0.8 
-0.5 
0.8 
V 


IIX 
Input Load Current 
GND.s. 
V1.s. Vee 
-10 
+ 10 
-10 
+10 
-10 
+10 
llA 


loz 
Output Leakage 
GND.s. 
Vo.s. Vee, 
-10 
+10 
-10 
+10 
-10 
+10 
llA 
Current 
Output Disabled 


Ice 
Vee Operating 
Vee = Max.,lOUT= 0 mA, 
Com'l 
130 
120 
mA 


Supply Current 
f=fmax. 
Mil 
135 


ISB 
CE Power-Down 
CE2. 
VIH, 
Com'l 
40 
mA 
Current 
lOUT= 0 mA 
Mil 
50 


Shaded area contains preliminary 
information. 


Capacitancel'l 


Parameters 
Description 
Test Conditions 
Max,!'] 
Units 


C'N 
Input Capacitance 
TA = 25°C, f = 1 MHz 
5 
pF 


CoUT 
Output Capacitance 
Vee = 5.0V 
7 
pF 


Notes: 
1. 
V1L(min.) = -3.0V for pulsewidth < 20 ns. 
2. 
TA is the l'instant on" case temperature. 


3. 
See the last page of this specificationfor Group A subgroup testing 
information. 


4. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 


5. 
For all packagesexcept CEROIP (010, 014), which has maximums 
of C1N= 8 pF, COUT= 9 pF. 


AC Test 
Loads 
and 
Waveforms 


R1481fi 


5V 


OUTPUT 


5V 


OUTPUT 


INCLUDIN~I 


JIG AND 
_ 


SCOPE 
- 
(a) 


THEVENIN EQUIVALENT 


167n 
., 


5 
PFI 
INCLUDING 
JIG AND 
_ 


SCOPE 
- 


CY7B164 
CY7B166 


78164-10 
7B164-12 
7B164-15 


78166-10 
7B166-12 
7B166-15 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
10 
12 
15 
ns 
~ 


tAA 
Address 
to Data 
Valid 
10 
12 
15 
ns 


IoHA 
Output 
Hold 
from 
Address 
Change 
3 
3 
3 
ns 


tACE 
CE 
LOW 
to Data 
Valid 
10 
12 
15 
ns 


tOOE 
OE 
LOW 
to Data 
Valid 
7BI66 
5 
5 
6 
ns 


tLZOE 
OE 
LOW 
to Low 
Z 
7BI66 
2 
2 
2 
ns 


tHWI; 
OE 
HIGH 
to High 
Z(71 
7BI66 
5 
6 
7 
ns 


tLZCE 
CE LOW 
to Low 
Z[81 
2 
2 
3 
ns 


tHZCE 
CE HIGH 
to High 
Z[7,8] 
5 
6 
7 
ns 
= ~ 


WRITE 
CYCLEI9j 


twc 
Write 
Cycle 
Time 
10 
12 
15 
ns 


tSCE 
CE LOW 
to Write 
End 
8 
8 
10 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
8 
8 
10 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
8 
8 
10 
ns 


tso 
Data 
Set-Up 
to Write 
End 
5 
6 
7 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z 
2 
2 
3 
ns 


tHzwE 
WE 
LOW 
to High 
Z17] 
0 
5 
0 
6 
0 
7 
ns 


Notes: 
6. 
Test conditions assume signal transition time of 3 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified IOLlIoH, and CL = 20 pE 


7. 
tHzcE, tHzwE, and tHZOEare specified with CL = 5 pF as in part (b) 
in AC Test Loads. Transition is measured 
± 200 mV from steady slate 


voltage. 


8. 
At any given temperature 
and voltage condition, 
tHZCE is less than 


tLZCE for any given device. These parameters are guaranteed and not 
100% tested. 


9. 
The internal write time of the memory is defined by the overlap ofCE 
LOW and WE LOW Both signals must be LOW to initiate a write and 
either signal can terminate 
a write by going HIGH. The data input set- 


up and hold timing should be referenced 
to the rising edge of the signal 
that terminates 
the write. 


• 


Switching Waveforms 


Read Cycle No. 
1(10.111 


ft,ZWE j 
-------) 


DATA 1/0 
DATA UNDEFINED 
•• 


Notes: 
10. WE is HIGH 
for read cycle. 


11. Device is continuously 
selected, CE = V,L. (7BI66: 
OE = V,Lalso). 


12. Address valid prior to or coincident 
with CE transition 
illW, 


IuwE--I 


HIGH IMPEDANCE 
~:=========== 


13. 713166 only: Data I/O will be high impedance 
if OE 
= VJH. 


14. IfCEgoes 
HIGH simultaneously 
with WEHIGH. 
the output remains 


in a high-impedance 
state. 


CY7B164 
CY7B166 


Switching 
Waveforms 
(continued) 


Write Cycle No.2 (CE Controlled)19, 12, 141 


~ZWE 
----I 


OATA I/O 
--------O-A-T-A-U-N-O-E-F-IN-E-O----> 
.•• 
H_I_G_H_I_M_P_EO_A_N_C_E 
_ 


CE 
WE 
Inputs/Outputs 
Mode 


H 
X 
HighZ 
Deselect/Power-Down 


L 
H 
Data Out 
Read 


L 
L 
Data In 
Write 


CE 
WE 
OE 
Inputs/Outputs 
Mode 


H 
X 
X 
High Z 
Deselect/Power-Down 


L 
H 
L 
Data Out 
Read 


L 
L 
X 
Data In 
Write 


L 
H 
H 
High Z 
Deselect 


Ordering 
Information 


Speed 
Package 
Operating 
Speed 
Package 
Operating 
(ns) 
Ordering Code 
1)'pe 
Range 
(ns) 
Ordering Code 
1)'pe 
Range 


lO 
CY7B164-10PC 
P9 
Commercial 
lO 
CY7BI66-10PC 
P13 
Commercial 


CY7BI64-lOVC 
V13 
CY7B166-lOVC 
V13 


CY7BI64-lODC 
DlO 
CY7B166-10DC 
014 


12 
CY7BI64-12PC 
P9 
Commercial 
12 
CY7B166-12PC 
P13 
Commercial 


CY7BI64-12VC 
V13 
CY7B166-12VC 
V13 


CY7BI64-12DC 
DlO 
CY7B 166-12DC 
D14 


fJI 


CY7B164 
CY7B166 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


Vm 
1,2,3 


V1L Max. 
1,2,3 


I", 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


Iso 
1,2,3 


Parameters 
Subgroups 


READ 
CYCLE 


tAA 
7, 8, 9, 10, 11 


loHA 
7, 8, 9, 10, 11 


tACE 
7, 8, 9, 10, 11 


tOOE[I5] 
7, 8, 9, 10, 11 


WRITE 
CYCLE 


tSCE 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


tso 
7, 8, 9, 10, 11 


tHO 
7, 8, 9, 10, 11 


Note: 
15. 7B166 only. 


~_.~ 


'13 CYPRESS 
iF 
SEMICONDUCTOR 


CY7C164 
CY7C166 


16,384 x 4 Static R/W RAM 


Features 
• Automatic power-down when 
deselected 
• Output Enable (OE) feature (7CI66) 
• CMOS for optimum speed/power 
• High speed 


- 
tM = IS ns 
• Low active power 


- 
633mW 


• 
Low standby power 
- 
220mW 


• TTL-compatible 
inputs and outputs 
• Capable of withstanding 
greater than 


200lV electrostatic 
discharge 


Functional 
Description 


The CY7C164 and CY7Cl66 are high-per- 
formance CMOS static RAMs organized as 
16,384 by 4 bits. Easy memory expansion is 
!>rovided by an active LOW chip enable 
(CE) 
and 
three-state 
drivers. 
The 


CY7Cl66 has an active low output enable 
(OE) feature. Both devices have an auto- 
matic power-down 
feature, 
reducing the 
power consumption 
by 65% when dese- 
lected. 
Writing to the device is accomplished when 
t~chip 
enable 
(CE) and write enable 


(WE) in~ 
are both LOW (and the output 


enable (OE) is LOW for the 7Cl66). Data 


on the four input/output 
pins (1/00 through 


I/O,) 
is written into the memory 
location 
specified on the address pins (Ao through 
A 13). 


Reading the device is accomplished by taking 
chip enable (CE) LOW (and OE LOW for 
7C166), while write enable 
(WE) remains 


HIGH. Under these conditions the contents 
of the memory location specified on the ad- 
dress pins will appear on the four data I/O 
pins. 
The I/O pins stayJ!!. high-impedance 
state 


when ~ 
enable (CE) is HIGH, or write en- 
able (OE) is HIGH for 7Cl66). A die coat is 
used to insure alpha immunity. 


Logic Block Diagram 
Pin Configurations 
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ONLY) 
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Selection 
Guide 
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1~~~I~g 
Cl64-6 


7C164-15 
7C164-20 
7C164-25 
7C164-35 
7Cl64-45 


7C166·15 
7C166·20 
7C166·25 
7C166-35 
7C166-45 


Maximum Access Time (ns) 
15 
20 
25 
35 
45 


Maximum Operating 
Current (mA) 
115 
80 
70 
70 
50 


Maximum Standby Current (mA) 
40/20 
40/20 
20/20 
20/20 
20/20 


CY7C164 
CY7C166 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines. not tested.) 


Storage Temperature 
- 65°C to + 15000C 
Static Discharge Voltage 
. 
Ambient Temperature 
with 
(per MlrrSTD-883, 
Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage to Ground Potential. 
. . . . .. 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage Applied to Outputs 
in High Z State. 
. . . . . . . . . . . . . . . . . . . . . . .. 
- O.5V to + 7.0V 


DC Input Voltage. . . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


7CI64-IS 
7C164-20 
7CI64-2S,3S 
7C164-4S 
7CI66-IS 
7CI66-20 
7C166-2S,3S 
7Cl66-4S 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., 
2.4 
2.4 
2.4 
2.4 
V 
IOH = - 4.0 rnA 


VOL 
Output LOW Voltage 
Vcc = Min .• 
0.4 
0.4 
0.4 
0.4 
V 
IOL = 8.0 mA 
VIH 
Input HIGH Voltage 
2.2 
Vcc 
2.2 
Vee 
2.2 
Vee 
2.2 
Vee 
V 


VIL 
Input LOW Voltageil] 
-3.0 
0.8 
-3.0 
0.8 
-3.0 
0.8 
-3.0 
0.8 
V 


IIX 
Input Load Current 
GND..$.. VI..$.. Vee 
-10 
+10 
-10 
+ 10 
-10 
+ 10 
-10 
+10 
flA 


Ioz 
Output Leakage 
GND..$.. Va..$.. Vee• 
-10 
+ 10 
-10 
+10 
-10 
+10 
-10 
+10 
~A 
Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., 
-350 
-350 
-350 
-350 
mA 
Circuit Currentl2J 
VOUT= GND 


lee 
Vee Operating 
Supply 
Vee = Max., 
115 
80 
70 
50 
mA 
Current 
lOUT= 0 mA 


Automatic CE 
Max. Vee• CE 2. VIH, 
ISBI 
Power-Down Currentl3] 
Min. 
Duty 
Cycle 
= 
40 
40 
20 
20 
mA 
100% 


AutomaticCE 
Max. Vee• 


ISBI 


CE 2. Vee - 0.3V, 
20 
20 
20 
20 
mA 
Power-Down Currentl3] 
V1N2. Vee - O.3V 
orVIN < 0.3V 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25°C, f = 1 MHz. 
10 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Notes: 
1. 
VILmin. = -3.0V for pulse durations Jessthan 30 ns. 
2. 
Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 
3. 
A pull-upresistor to Vee on the CE input isrequired to keep the de- 
vicedeselectedduringVee power-up,otherwiseISBwillexceedvalues 
given. 


CY7Cl64 
CY7C166 


AC Test Loads and Waveforms 


R1481fi 
5V 


OUTPUT 
ALL INPUT PULSES 
::~% 
~ 
5 
PFI 
INCLUDING 
JK3AND 
_ 


SCOPE 
- 


30 
PFI 
INCLUDING 
JK3AND 
_ 


SCOPE 
- 
(a) 


THEvENIN EQUIVALENT 
lB7!l. 


7C164-15 
7C164-20 
7C164-25 
7C164-35 
7C164-45 
7C166-15 
7C166-20 
7C166-25 
7C166-35 
7C166-45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRe 
Read 
Cycle 
Time 
15 
20 
25 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
15 
20 
25 
35 
45 
ns 


leHA 
Output 
Hold 
from 
Address 
3 
5 
5 
5 
5 
ns 
Change 


tACE 
CE LOW 
to Data 
Valid 
15 
20 
25 
35 
45 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
7CI66 
10 
10 
12 
15 
20 
ns 


tLZOE 
OE 
LOW 
to Low 
Z 
7CI66 
3 
3 
3 
3 
3 
ns 


tHWE 
OE 
HIGH 
to High 
Z 
7CI66 
8 
8 
10 
12 
15 
ns 


tLZCE 
CE LOW 
to Low 
ZI61 
3 
5 
5 
5 
5 
ns 


tHZCE 
CE HIGH 
to High 
ZI6,7) 
8 
8 
10 
15 
15 
ns 


tpu 
CE LOW 
to Power-Up 
0 
0 
0 
0 
0 
ns 


tpo 
CE HIGH 
to Power-Down 
15 
20 
20 
20 
25 
ns 


WRITE 
CYCLEI81 


twe 
Write 
Cycle 
Time 
15 
20 
20 
25 
40 
ns 


tSCE 
CE 
LOW 
to Write 
End 
12 
15 
20 
25 
30 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
12 
15 
20 
25 
30 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
0 
0 
ns 


tPWE 
WE 
Pulse 
Width 
12 
15 
15 
20 
20 
ns 


tso 
Data 
Set-Up 
to Write 
End 
10 
10 
10 
15 
15 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
0 
0 
ns 


tLZwE 
WE 
HIGH 
to Low 
Z(7) 
5 
5 
5 
5 
5 
ns 


tHZWE 
WE 
LOW 
to High 
ZI6,7) 
7 
7 
7 
10 
15 
ns 


Notes: 
S. 
Test conditions assume signal transition time of 5 os or less, timing ref- 
erence levels of l.Sv, input pulse levels of 0 to 3,0V, and output load- 
ing of the specified lod1oH 
and 30-pF load capacitance, 
6, 
At any given temperature 
and voltage condition, 
tHZCE is less than 


tLZCEfor any given device. These parameters 
are guaranteed 
and not 


100% tested. 


7. 
tHZCE and tHZWEare specified with CL = S pF as in part (b) in AC 
Test Loads. nansition 
is measured 
± SOO mV from steady state volt- 


age. 


8. 
The internal write time of the memory is defined by the overlap ofCE 
WWand 
WE Ww. Both signals must be WW to initiate a write and 


either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referenced 
to the rising edge of the signal 


that terminates 
the write. 


• 


CY7C164 
CY7C166 


Switching Waveforms 


Read Cycle No. 119.101 t~~~ 


DATA OUT ----P-R-EV-IO-U-S-D-A-T-A-V-A-L-ID-J-X--X- 
..*=================D=A=T=A=V=A=L=ID============== 
*- 


Vcc 
SUPPLY 
CURRENT 


IucE 


-----4>-'=1-50-%-----------------4>-' 4==::: 


4<ZWE j 
-------) 


DATA I/O 
DATA UNDEFINED 
.• 


IuwE--I 


HIGH IMPEDANCE 
<=========== 


No~: 
9. 
WE is HIGH 
for read cycle. 
10. Deviceiscontinuousiyselected,CE 
= V1L.(7CI66: 
OE = V1Lalso). 
II. 
Address valid prior to or coincident 
with CE transition 
low. 


12. 7CI66 
only: Data 
110 will be high impedance 
if OE = VIH• 


13. If CE goes HIGH simullaneouslywith 
WE HIGH, the output remains 


in a high-impedance 
state. 


CY7C164 
CY7C166 


Switching Waveforms (continued) 


Write Cycle No.2 (CE ControlIed)18. 12. 131 


Iso 


DATA-IN VALID 


4<ZWE ---l 


--------D-A-T-A-U-N-D-E-F-IN-E-D----)~I------H-I-G-H_IM_P_ED_A_N_C_E 
_ 


NORMALIZED 
SUPPLY CURRENT 


>'S. SUPPLY VOLTAGE 
1.4 


Jll.0 
ow 
N:J« 
::E 
a:: 
~ 
0.4 


0.2 


0.0 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE M 


NORMALIZED 
ACCESS TIME 


>'S. SUPPLY VOLTAGE 
1.4 


.; 
1.3 
.; 
1.4 


0 
1.2 
0 


w 
W 


N 
N 
1.2 
:J 
:J 
« 
1.1 
« 


::E 
::E 


a:: 
a:: 
1.0 
a 
1.0 
a 
z 
z 


0.9 


0.8 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE M 


NORMALIZED 
SUPPLY CURRENT 
>'S. AMBIENT 
TEMPERATURE 


1.2 


31.0 
Jl 0.8 
ow 
N:J 0.6 
« 
::E 
gj 0.4 
z 


0.0 


-55 
25 
125 


AMBIENT TEMPERATURE (0G) 


0.6 
-55 
25 
125 


AMBIENT TEMPERATURE (0G) 


OUTPUT 
SOURCE 
CURRENT 


_ 
>'S. OUTPUT 
VOLTAGE 
1120 


!z 100 
w 
a:: 
a:: 
::> 
() 
w 
() 
a:: 
::>g 
40 


~ 
20 
~o 
0 
0.0 
1.0 
2.0 
3.0 


OUTPUT VOLTAGE M 


OUTPUT 
SINK CURRENT 


>'S. OUTPUT 
VOLTAGE 
« 140 
5.120 
I-z 
~ 
100 
a::a 
80 
l<:Z 60 
(jj 
~ 
~a 


1.0 
2.0 
3.0 


OUTPUT VOLTAGE M 


Ell 


TYPICAL POWER-ON 
CURRENT 
.s. SUPPLY VOLTAGE 
3.0 


TYPICAL ACCESS TIME CHANGE 
.s. OUTPUT 
LOADING 
30.0 
g 2.5 
8 2.0 
N:J 
~ 
1.5 
ex: 
~ 
1.0 


0.5 
./ 
- 


"...,.... 


-;;; 
.s 20.0 
J 
~ 
15.0 
w 
o 
10.0 


0.0 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY 
VOLTAGE 
M 


CE 
WE 
Inputs/Outputs 
Mode 


H 
X 
High Z 
Deselect/Power-Down 


L 
H 
Data Out 
Read 


L 
L 
Data In 
Write 


NOIl.MALIZED 
Ice .s. CYCLE TIME 


1.25 
Vcc = 5.0V 
TA = 25°C 
II 
V'N= 0.5V 


81.00 
N:J 
<{ 
::;: 
ex: 
~ 
0.75 


0.50 


10 
20 
30 
40 


CYCLE 
FREQUENCY 
(MHz) 


CE 
WE 
OE 
Inputs/Outputs 
Mode 


H 
X 
X 
High Z 
Deselect/Power-Down 


L 
H 
L 
Data Out 
Read 


L 
L 
H 
Data In 
Write 


L 
H 
H 
High Z 
Write 


Address 
Address 
Pin 
Name 
Function 
Number 


AS 
X3 
1 


A6 
X4 
2 


A7 
X5 
3 


A8 
X6 
4 


A9 
X7 
5 


AlO 
Y5 
6 


All 
Y4 
7 


A12 
YO 
8 


Al3 
Y1 
9 


AO 
Y2 
17 


Al 
Y3 
18 


A2 
XO 
19 


A3 
Xl 
20 


A4 
X2 
21 


CY7C164 
CY7C166 


Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
lYpe 
Range 


15 
CY7Cl64-15PC 
P9 
Commercial 


CY7Cl64-15VC 
VB 


CY7Cl64-150C 
010 


CY7Cl64-15LC 
L52 


20 
CY7Cl64-20PC 
P9 
Commercial 


CY7Cl64-20VC 
VB 


CY7Cl64-200C 
010 


CY7Cl64-20LC 
L52 


25 
CY7Cl64-25PC 
P9 
Commercial 


CY7Cl64-25VC 
V13 


CY7Cl64-250C 
010 


CY7Cl64-25LC 
L52 


35 
CY7Cl64-35PC 
P9 
Commercial 


CY7Cl64-35VC 
VB 


CY7Cl64-350C 
010 


CY7Cl64-35LC 
L52 


45 
CY7Cl64-45PC 
P9 
Commercial 


CY7Cl64-45VC 
VB 


CY7Cl64-450C 
010 


CY7Cl64-45LC 
L52 


Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
lYPe 
Range 


15 
CY7Cl66-15PC 
P13 
Commercial 


CY7Cl66-15VC 
VB 


CY7Cl66-150C 
014 


CY7Cl66-15LC 
L54 


20 
CY7Cl66-20PC 
PB 
Commercial 


CY7Cl66-20VC 
VB 


CY7Cl66-200C 
014 


CY7Cl66-20LC 
1.54 


25 
CY7Cl66-25PC 
PB 
Commercial 


CY7Cl66-25VC 
V13 


CY7Cl66-250C 
014 


CY7Cl66-25LC 
L54 


35 
CY7Cl66-35PC 
PB 
Commercial 


CY7C166-35VC 
VB 


CY7Cl66-350C 
014 


CY7Cl66-35LC 
L54 


45 
CY7Cl66-45PC 
PB 
Commercial 


CY7Cl66-45VC 
VB 


CY7Cl66-450C 
014 


CY7Cl66-45LC 
L54 


~_.~ 
-:2 CYPRESS 
- 
F 
SEMICONDUcrOR 


CY7C164A 
CY7C166A 


16,384 x 4 Static R/W RAM 


Features 


• Automatic power·down when 
deselected 
• Output Enable (OE) feature 


(7CI66A) 
• CMOS for optimum speed/power 


• High speed 
- 
tM = IS ns 


• Low active power 
- 
SSOmW 


• Low standby power 
- 
220mW 


• TTL-compatible 
imputs and outputs 
• Capable of withstanding 
greater than 


2001V electrostatic 
discharge 


Functional Description 
The CY7Cl64A and CY7Cl66A are high- 
performance 
CMOS 
statie RAMs 
orga- 
nized as 16,384by 4 bits. Easy memory ex- 
pansion ~rovided 
by an aetive LOW chip 
enable (CE) and three·state 
drivers. 
The 
CY7Cl66A has an aetive low output enable 
(DE) feature. Both devices have an auto- 
matie power-<lown feature, 
reducing 
the 
power consumption 
by 60% when dese- 
lected. 
Writing to the device is accomplished when 
t~chip 
enable 
(CE) and write enable 
(WE) in~ 
are both LOW (and the output 
enable (DE) is LOW for the 7Cl66A). Data 
on the four input/output pins (VOo through 


liD,) is written 
into the memory location 


specified on the address pins (Ao through 
Au)· 
Reading the device is accomplished by taking 
chip enable (CE) LOW (and DE LOW for 
7Cl66A), while write enable (WE) remains 
HIGH. Under these conditions the contents 
of the memory location specified on the ad· 
dress pins will appear on the four data VO 
pins. 
The liD pins stayJ!!. high-impedance 
state 


when £!:!ip enable (CE) is HIGH, or write en· 
able (DE) is HIGH for 7Cl66A). 


A die coat is used to insure alpha immunity. 


Pin Configurations 


DIP 
SOJ 
DIP/SOJ 


Top Vie•• 
Top Vie•• 
Top Vie•• 


A, 
1 
22 
Vcc 
A, ---...r- 


Vcc 
A, 
Vcc 
1 
24 


"" 
2 
21 
A- 


"" 
2 
23 
A- 


"" 
A- 


A, 
3 
20 
"" 
A, 
3 
22 
"" 


A, 


"" 


"" 
4 
19 
A, 


"" 


4 
21 
A, 
"" 
A, 
•.. 
5 
18 
A, 
•.. 
5 
20 
A, 
•.. 
A, 


A•• 
e7Cl64A 
17 
"" 
A•• 
6 7Cl64A19 
A" 
A•• 
A" 


A" 
7 
16 
va. 
A" 
7 
18 
NC 
A" 
NC 


A" 
8 
15 
110, 
A" 
8 
17 
110, 
A" 
I/O, 


A" 
9 
14 
110, 
A" 
9 
16 
110, 
A" 
I/O, 


CE 
10 
13 
1100 
CE 
10 
15 
1/01 
CE 
110, 


GNO 
11 
12 
WE 
NC 
11 
14 
110, 
DE 
1/00 


GND 
12 
13 
WE 
GND 
WE 


Cl64A-2 
Cl64A-3 
Cl64A-4 


LCC 
LCC 


Top Vie•• 
Top Vie•• 


:t:dJ,," 
.r~~h 


3 
2 t'..22 21 
4 
32,1,2827 


"" 
"" 


-- 
26 
NC 


4 
1 
A, 
A, 
5 
25 
A- 


S 
18 
A, 


"" 
6 
24 
"" 
6 
7C164 
17 
A" 
•.. 
7 
23 
A, 


7 
16 
va. 
A•• 
8 
7C166 
22 
A, 


8 
1 
110, 
A" 
9 
21 
A" 


9 
14 
110, 
A" 
10 
20 
1/03 


10111213 
A" 
11 
19 
110, 


1~§I~g 
CE 
12 
18 
I/O, 


1314151617 


CI64A-5 
[~~~I~ g 
Cl64A-6 


WE 
(DE) 
(7C166A ONLY) 


7C164A-lS 
7C164A-20 
7C164A·2S 
7C164A-3S 
7C164A·4S 


7C166A·lS 
7C166A·20 
7C166A·2S 
7C166A-3S 
7C166A·4S 


Maximum Access Time (ns) 
15 
20 
25 
35 
45 


Maximum O!)rating 
Commercial 
115 
100 
100 
100 
100 
Current (mA 
Military 
100 
100 
100 
100 


Maximum Standby 
Commercial 
40/20 
40/20 
30 
30 
30 
Current (mA) 
Military 
40/20 
40/20 
30 
30 


CY7C164A 
CY7C166A 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65°Cto 
+ 150·oC 
Static Discharge Voltage 
>2001V 


Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 
PowerApplied 
-55°Cto 
+ 125°C 
Latch-up Current 
>200mA 


Supply Voltage to Ground Potential. 
. . . . .. 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage Applied to Outputs 
in High Z State 
,. .. 
- O.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military[l) 
- 55°C to + 125°C 
5V ± 10% 


7C164A-15 
7C164A-20 


7C166A-15 
7C166A-20 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min.,loH = - 4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., 10L = 8.0 mA 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
V 


V'L 
Input LOW Voltagel3) 
-3.0 
0.8 
-3.0 
0.8 
V 


I", 
Input Load Current 
GND~ 
V,~ 
Vee 
-10 
+10 
-10 
+10 
IJ.A 


loz 
Output Leakage 
GND ~ 
Vo~ 
Vee, 
-10 
+10 
-10 
+10 
IJ.A 


Current 
Output Disabled 


los 
Output Short 
Vee = Max., VOUT= GND 
-350 
-350 
mA 


Circuit Current(4) 


Ice 
Vee Operating 
Supply 
Vee = Max. 
Com'l 
115 
100 
mA 


Current 
lOUT= 0 mA 
Mil 
100 
IsB, 
Automatic CEIS] 
Max. Vee, CE 2.. VIH 
Com'l 
40 
40 
mA 


Power Down Current 
Min. Duty Cycle = 100% 
Mil 
40 
ISB2 
Automatic CEJSl 
Max. Vee, 
Com'l 
20 
20 
mA 
Power Down Current 
CE 2.. VIH- 0.3V 
V'N 2.. Vee - 0.3V or 
Mil 
V'N~0.3V 
20 


Notes: 
1. 
TA is the ·'instant on" case temperature. 
2. 
See the last page of this specificationfor Group A subgroup testing 
information. 
3. 
V'L min. = -3.0V for pulse durations Jessthan 30 ns. 
4. 
Not more than I output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


5. 
A pull-upresistor to Vee on the CE input is required to keep the de- 
vicedeselectedduringVee power-up,otherwiseISBwillexceedvalues 
given. 
6. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 


CY7C164A 
CY7C166A 


7C164A-25 
7CI64A-35,45 
7C166A-25 
7CI66A-35,45 


Parame- 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 
ters 


VOH 
Output HIGH Voltage 
Vcc = Min., IOH = - 4.0 mA 
2.4 
2.4 
V 


VOL 
Output WW 
Voltage 
Vcc = Min., IOL = 8.0 mA 
0.4 
0.4 
V 


VJH 
Input HIGH Voltage 
2.2 
Vcc 
2.2 
Vcc 
V 


V1L 
Input WW 
Voltage(3) 
-3.0 
0.8 
-3.0 
0.8 
V 


IIX 
Input Load Current 
GND ..$..VI..$..Vcc 
-10 
+10 
-10 
+10 
IJ.A 


Ioz 
Output Leakage 
GND..$.. Va..$.. Vcc, 
-10 
+10 
-10 
+10 
IJ.A 


Current 
Output Disabled 


Ios 
Output Short 
Vcc = Max., VOUT= GND 
-350 
-350 
mA 


Circuit Current!'] 


Icc 
Vcc Operating 
Supply 
Vcc = Max. 
Com'l 
100 
100 
mA 


Current 
lOUT= 0 mA 
Mil 
100 
100 


IS61 
Automatic CEIS] 
Max. Vcc, CE 2. VIH 
Com'l 
30 
30 
mA 


Power Down Current 
Min. Duty Cycle = 100% 
Mil 
40 
, 
30 


IsB, 
Automatic CEIS] 
Max. Vcc, 
Com'l 
20 
20 
mA 
Power Down Current 
CE 2. V'H - 0.3V 
V1N2. Vcc - 0.3V or 
Mil 
V1N..$..O.3V 
20 
20 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vcc = 5.0V 
10 
pF 


AC Test Loads and Waveforms 
R1481n 
Rl~ln 


5V 
5V 


OUTPUT 
OUTPUT 


30pF I 
R2 
5PFI 
R2 
255!1. 
255!1. 


INCLUDING 
INCLUDING 
JIG AND 
_ 
-= 


JIG AND 
_ 
-= 
SCOPE 
- 
SCOPE 
- 
(a) 
(b) 
Cl64A-7 


90% 


10%I.- 


CY7C164A 
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7Cl64A-15 
7C164A-20 
7C164A-25 
7C164A-35 
7C164A-45 
7C166A-15 
7C166A-20 
7C166A-25 
7C166A-35 
7Cl66A-45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
15 
20 
25 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
15 
20 
25 
35 
45 
ns 


!aHA 
Output 
Hold 
from 
Address 
3 
3 
3 
3 
3 
ns 
Change 


tACE 
CE 
LOW 
to Data 
Valid 
15 
20 
25 
35 
45 
ns 


tDOE 
OE 
LOW 
to 
Data 
7CI66A 
10 
10 
12 
15 
20 
ns 
Valid 


tLHZOE 
OELOWtoLOWZ 
7CI66A 
3 
3 
3 
3 
3 
ns 


tLZOE 
OEHIGHto 
7CI66A 
8 
8 
10 
12 
15 
ns 
HIGHZ 


tLZCE 
CE LOW 
to Low 
Z18] 
3 
5 
5 
5 
5 
ns 


tHZCE 
CE 
HIGH 
to High 
Z18.91 
8 
8 
10 
15 
15 
ns 


tpu 
CE LOW 
to Power-Up 
0 
0 
0 
0 
0 
ns 


tpo 
CE 
HIGH 
to Power-Down 
15 
20 
20 
20 
25 
ns 


WRITE 
CYCLEI1O] 


twc 
Write 
Cycle 
Time 
15 
20 
20 
25 
40 
ns 


tSCE 
CE 
LOW 
to Write 
End 
12 
15 
20 
25 
30 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
12 
15 
20 
25 
30 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
12 
15 
15 
20 
20 
ns 


tso 
Data 
Set-Up 
to Write 
End 
10 
10 
10 
15 
15 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
0 
0 
ns 


tLZwE 
WE 
HIGH 
to Low 
Z18] 
5 
5 
5 
5 
5 
ns 


tHZWE 
WE 
LOW 
to High 
ZI8.9) 
7 
7 
7 
10 
15 
ns 


Notes: 
7. 
Test conditions 
assume signal transition time of 5 os or less, timing ref- 


erence levels of 1.5\1; input pulse levels of 0 to 3.0V. and output load- 
ing of the specified lodloH 
and 30-pF load capacitance. 
8. 
At any given temperature 
and voltage condition, 
tHZCE is less than 


tLZCE for any given device. These parameters are guaranteed and not 
100% tested. 


9. 
t"zcE 
and tHzWE are specified with CL = 5 pF as in part (b) in AC 
Test Loads. nansition 
is measured 
± 500 mV from steady state volt- 


age. 


10. The internal write time ofthe 
memory is defined by the overlap ofCE 
WW and WE Ww. Both signals must be WW to initiate a write and 


either signal can terminate 
a write by going HIGH. The data input set- 
up and hold timing should be referenced 
to the rising edge of the signal 
that terminates 
the write. 


1I. WE is HIGH 
for read cycle. 
12. Device is continuously 
selected, CE = V'L' (7C166: OE = V1Lalso). 


13. Address valid prior to or coincident 
with CE transition 
low. 


14. 7CI66 
only: Data 1/0 will be high impedance 
if OE = VlIJ. 


15. If CE goes HIGH simultaneously 
with WE HIGH, 
the output remains 


in a high-impedance state. 


• 
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Switching Waveforms 


Read Cycle No. 
1[11,12) 
C-b.~~ 


OATA OUT ----PR-EV-IO-U-S-O-A-T-A-V-A-1I-0-J:-X--X--*===============O=A=T=A=V=A=lI=O============ 


Vcc 
SUPPLY 
CURRENT 


UCE 
tpU=1 
tpo~ 
---------------------- 
ICC 


______ 
50% 
50% 
158 


IWC 


~ 
)\.. 
- 
ISCE 


,""" ,,'" 
9'// 
/. '//~///// 


lAW 
41A- 
lSA 
1,>wE 


-'~ '\.'\." 
}~ 


Iso 
410 
...• 
'( 
OATA-IN VAllO 
,/ 


- 
41zwE 
I-- UwE 


HIGH IMPEDANCE 1:========== 


CY7C164A 
CY7C166A 


Switching Waveforms 
(continued) 


Write 
Cycle No.2 
(CE Controlled) 
(10.14. 
IS) 


ltiZWE =j 


---------------- 
HIGH IMPEDANCE 
DATA UNDEFINED 
;>>--------------------- 


NORMALIZED 
SUPPLY CURRENT 
>s. SUPPLY VOLTAGE 
1.4 


13 1.0 
o 
WN:J 
~ 
0.6 
II: 
§? 0.4 


0.2 


0.0 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE M 


NORMALIZED 
ACCESS TIME 
>s. SUPPLY VOLTAGE 
1.4 


j. 1.3 


@ 
1.2 
N:J« 
1.1 
::< 
II: 
§? 1.0 


..••..•...... -......-. 
TA = 25°G) 
---- 
0.9 


0.8 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE M 


a> 
.!!' 1.0 


13 0.8 
o 
w 
N:J 0.6 
« 
::< 
~ 
0.4 
z 


J 1.4 


o 
~ 
1.2 


:J« 
~ 
1.0 


oz 


NORMALIZED 
SUPPLY CURRENT 
-s. AMBIENT 
TEMPERATURE 
1.2 


0.0 


-55 
25 
125 


AMBIENT 
TEMPERATURE 
(0G) 


NORMALIZED 
ACCESS TIME 


>s. AMBIENT 
TEMPERATURE 


1.6 


0.6 


-55 
25 
125 


AMBIENT 
TEMPERATURE 
(0G) 


OUTPUT 
SOURCE 
CURRENT 


_ 
>s. OUTPUT 
VOLTAGE 


:[ 120 


!z 100 
w 
II: 
II: 
i3 
wU 
II: 
:::>g 
40 


~ 
20 
~o 
0 
0.0 
1.0 
2.0 
3.0 


OUTPUT VOLTAGE M 


OUTPUT 
SINK CURRENT 


>s. OUTPUT 
VOLTAGE 
« 140 
E.12O 
I-z 
~ 
100 
II: 
i3 
80 
~z 
60 
Ui 
~ 
Cl. 
~o 


1.0 
2.0 
3.0 


OUTPUT VOLTAGE M 


• 


TYPICAL POWER-ON CURRENT 


YS. SUPPLY VOLTAGE 
3.0 


o 2.5 
.)!. 
0 2.0 
w 
N 
:::; 
<{ 
1.5 
::;;lr0 1.0 
z 


0.5 
./ 


l...--..-/ 


0.0 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY 
VOLTAGE M 


TYPICAL ACCESS 
TIME CHANGE 
vs. OUTPUT LOADING 
30.0 


'" 
c:J 20.0 


~ 
15.0 
w 
o 
10.0 


CE 
WE 
Inputs/Outputs 
Mode 


H 
X 
High Z 
Deselect/Power-Down 


L 
H 
Data Out 
Read 
L 
L 
Data In 
Write 


Vcc ~ 5.0V 
TA = 25°C 
V'N = 0.5V 


0.50 
10 
20 
30 
40 


CYCLE 
FREQUENCY 
(MHz) 


CE 
WE 
OE 
Inputs/Outputs 
Mode 


H 
X 
X 
High Z 
Deselect/Power- Down 


L 
H 
L 
Data Out 
Read 


L 
L 
X 
Data In 
Write 


L 
H 
H 
High Z 
Deselect 


CY7C164A 
CY7C166A 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


15 
CY7Cl64A-15PC 
P9 
Commercial 


CY7Cl64A-15VC 
V13 


CY7Cl64A-150C 
010 


CY7Cl64A-15LC 
1.52 


20 
CY7Cl64A-2OPC 
P9 
Commercial 


CY7Cl64A-2OVC 
V13 


CY7Cl64A-200C 
010 


CY7Cl64A-2OLC 
1.52 


CY7Cl64A-200MB 
010 
Military 


CY7Cl64A-2OLMB 
1.52 


CY7Cl64A-2OKMB 
K73 


25 
CY7Cl64A-25PC 
P9 
Commercial 


CY7Cl64A-25VC 
V13 


CY7Cl64A-250C 
010 


CY7Cl64A-25LC 
1.52 


CY7Cl64A-250MB 
010 
Military 


CY7Cl64A-25LMB 
1.52 


CY7Cl64A-25KMB 
K73 


35 
CY7Cl64A-35PC 
P9 
Commercial 


CY7Cl64A-35VC 
V13 


CY7Cl64A-350C 
010 


CY7Cl64A-35LC 
1.52 


CY7Cl64A-350MB 
010 
Military 


CY7Cl64A-35LMB 
1.52 


CY7Cl64A-35KMB 
K73 


45 
CY7Cl64A-45PC 
P9 
Commercial 


CY7Cl64A-45VC 
V13 


CY7Cl64A-450C 
010 


CY7Cl64A-45LC 
1.52 


CY7Cl64A-450MB 
010 
Military 


CY7Cl64A-45LMB 
1.52 


CY7Cl64A-45KMB 
K73 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
lYpe 
Range 


15 
CY7Cl66A-15PC 
P13 
Commercial 


CY7Cl66A-15VC 
V13 


CY7Cl66A-150C 
010 


CY7Cl66A-15LC 
1.52 


20 
CY7Cl66A-2OPC 
P13 
Commercial 


CY7Cl66A-2OVC 
V13 


CY7Cl66A-200C 
014 


CY7Cl66A-2OLC 
1.54 


CY7Cl66A-200MB 
014 
Military 


CY7Cl66A-2OLMB 
1.54 


CY7Cl66A-2OKMB 
K73 


25 
CY7Cl66A-25PC 
P13 
Commercial 


CY7Cl66A-25VC 
V13 


CY7Cl66A-250C 
014 


CY7Cl66A-25LC 
1.54 


CY7Cl66A-250MB 
014 
Military 


CY7Cl66A-25LMB 
1.54 


CY7Cl66A-25KMB 
K73 


35 
CY7Cl66A-35PC 
P13 
Commercial 


CY7Cl66A-35VC 
V13 


CY7Cl66A-350C 
014 


CY7Cl66A-35LC 
1.54 


CY7Cl66A-350MB 
014 
Military 


CY7Cl66A-35LMB 
1.54 


CY7Cl66A-35KMB 
K73 


45 
CY7Cl66A-45PC 
P13 
Commercial 


CY7Cl66A-45VC 
V13 


CY7Cl66A-450C 
014 


CY7Cl66A-45LC 
1.54 


CY7Cl66A-450MB 
014 
Military 


CY7Cl66A-45LMB 
1.54 


CY7Cl66A-45KMB 
K73 


• 


CY7C164A 
CY7C166A 


Bit Map 


OUTPUTS 
01~3 
0123 
0123 
COl,UMNS 
00 
15 •.• 
1E; 


I II Iff I'll 16 


13 14 15 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V'L Max. 
1,2,3 


I,x 
1,2,3 


Ioz 
1,2,3 


Ios 
1,2,3 


Icc 
1,2,3 


Is". 
1,2,3 


ISBl 
1,2,3 


Address 
Address 
Pin 


Name 
Function 
Number 


AS 
X3 
1 


A6 
X4 
2 


A7 
X5 
3 


A8 
X6 
4 


A9 
X7 
5 


AIO 
Y5 
6 


All 
Y4 
7 


A12 
YO 
8 


A13 
Yl 
9 


AO 
Y2 
17 


Al 
Y3 
18 


A2 
XO 
19 


A3 
Xl 
20 


A4 
X2 
21 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


tOHA 
7, 8, 9, 10, 11 


tACE 
7, 8, 9, 10, 11 


tDOEI161 
7, 8, 9, 10, 11 


WRITE 
CYCLE 


twc 
7, 8, 9, 10, 11 


tSCE 
7, 8, 9, 10, 11 


lAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


lSA 
7,8,9, 
10, 11 


IpWE 
7, 8, 9, 10, 11 


Iso 
7, 8, 9, 10, 11 


tHO 
7, 8, 9, 10, 11 


Note: 
16. 7C166A only. 


..:_.~ 
-:iE CYPRESS 
- 
F 
SEMICONDUCTOR 


• 
Automatic power-down when dese- 
lected 
• 
CMOS for optimum speed/power 


• 
High speed 
- 
25 ns 


• 
Low active power 
- 
275mW 


• 
Low standby power 
- 
83mW 


• 
TTL-compatible 
inputs and outputs 
• 
Capable of withstanding 
greater than 
2001V electrostatic 
discharge 


Reading the device is accomplished by tak- 
ing the ~ 
enable (CE) LOW while write 


enable (WE) remains HIGH. Under these 
conditions, the contents of the memory lo- 
cation specified on the address pins will 
appear on the data output (DO) pin. 


The output pin stays inJ!!gh-impedance 
state when ch~nable 
(CE) is HIGH or 


write enable (WE) is LOW. 


The 7C167 utilizes a die coat to insure al- 
pha immunity. 


Functional 
Description 


The 
CY7C167 
is 
a 
high-performance 
CMOS static RAM organized 
as 16,384 
words by 1 bit. Easy memory expansion is 
(Jrovided by an active LOW chip enable 
(CE) 
and 
three-state 
drivers. 
The 
CY7C167 has an automatic power-down 
feature, reducing the power consumption 
by 67% when deselected. 


Writing to the device is accomplished when 
t~chip 
enable 
(CE) and write enable 
(WE) inputs are both LOW. Data on the 
input pin (DI) is written into the memory 
location specified on the address pins (Ao 
through An). 


LCC 
Top View 


T""ogM 
<J:<J:>J: 


3 
2 ~1;2019 
18 
4 
17 
5 
7C167 
16 
6 
15 
7 
14 
8 
910111213 


7C167-25 
7C167-35 
7C167-45 


Maximum Access Time (ns) 
25 
35 
45 


Maximum 0frating 
I Commercial 
60 
60 
50 


Current (mA 
I Military 
60 
50 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 
. 


Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 
Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage to Ground Potential 
Operating Range 
(Pin 26 to Pin 10) 
- 0.5V to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State. 
. . . . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 
DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- JOV to + 7.0V 
Output Current into Outputs (Low) 
20 mA 


Electrical Characteristics 
Over the Operating Range!'] 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military!!) 
- 55°C to + 125°C 
5V ± 10% 


7C167·20 
7C167-35 
7C167·45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = - 4.0 mA 
2.4 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min. I IOL = 12.0mA 
Com'l 
0.4 
0.4 
0.4 
V 


I IOL = 8.0 mA 
Mil 
0.4 
0.4 
0.4 
V 


VIII 
Input HIGH Voltage 
2.0 
Vee 
2.0 
Vee 
2.0 
Vee 
V 


V1L 
Input LOW Voltage 
-3.0 
0.8 
-3.0 
0.8 
-3.0 
0.8 
V 


Ilx 
Input Load Current 
GND..$.. VI..$..Vee 
-10 
+10 
-10 
+10 
-10 
+ 10 
JJ.A 


loz 
Output Leakage 
GND..$.. Va..$.. Vee, 
-50 
+50 
-50 
+50 
-50 
+50 
JJ.A 
Current 
Output Disabled 


los 
Output Short 
Vee = Max., VOUT= GND 
-350 
-350 
-350 
mA 
Circuit Current!4} 


Ice 
Vee Operating 
Vee = Max. 
Com'l 
60 
60 
50 
mA 
Supply Current 
lOUT= 0 mA 
Mil 
50 


ISB 
Automatic CEI3] 
Max. Vcc, 
Com'l 
20 
20 
15 
mA 
Power Down Current 
CEL 
VIII 


Mil 
20 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Inpu t Capacitance 
10 
pF 


COUT 
Output Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 
Vcc = 5.0V 
COUT 
Chip Enable Capacitance 
5 
pF 


Notes: 
1. 
TA is the "instant on" case temperature. 
2. 
See the last page of this specificationfor Group A subgroup testing 
information. 
3. 
A pull-upresistor to Vcc on the CE input is requited to keep the de- 
vice deselected during Vcc power-up, otherwise ISB will exceed values 
given. 


4. 
Duration of the short circuit should not exceed 30 seconds. 
5. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 


AC Test Loads and Waveforms 


Rt 329Jl 
(4eon. 
MIL) 


R2 
202,n 
(25m 
MIL) 


5pF 


INCLUDING I 
JIG AND = 


SCOPE (b) 


R2 
202,n 
(255,n 
MIL) 
::~% 


~ 


10% 


• 
~5ns 


INCLUDING 
JIG AND -= 


SCOPE 
(a) 


THEVENIN EQUIVALENT 
t67,n 


Military 


Switching Characteristics 
Over the Operating 
Range (2,6] 


7C167·25 
7C167-35 
7C167-45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
Com'l 
25 
30 
40 
ns 


Mil 
25 
35 
40 
ns 


tAA 
Address 
to Data 
Valid 
Com'l 
25 
30 
40 
ns 


Mil 
35 
40 
ns 


!aHA 
Output 
Hold 
from 
Address 
Change 
3 
3 
3 
ns 


tACE 
CE 
LOW 
to Data 
Valid 
25 
35 
45 
ns 


tLZCE 
CE 
LOW 
to Low 
Z[7] 
5 
5 
5 
ns 


tHZCE 
CE 
HIGH 
to High 
Z [7,81 
15 
20 
25 
os 


tpu 
CE LOW 
to Power 
Up 
0 
0 
0 
ns 


tPD 
CE 
HIGH 
to Power 
Down 
20 
25 
30 
ns 


WRITE 
CYCLEl91 


twc 
Write 
Cycle 
Time 
25 
30 
40 
ns 


tSCE 
CE LOW 
to Write 
End 
25 
30 
40 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
25 
30 
40 
ns 


tftA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
15 
20 
20 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
15 
15 
15 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tHzwE 
WE 
LOW 
to High 
Z [7,81 
15 
20 
20 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z [7) 
0 
0 
0 
ns 


Notes: 
6. 
Test conditions 
assume signal transition 
times of 5 os or less, timing 
reference 
levels of 1.5V, input pulse levels of 0 to 3.0V and output 
loading of the specified 1m/loft and 30-pF load capacitance. 


7. 
At any given temperature 
and voltage condition, 
IHZCE 
is less than 


tLZCE for any given device. 
8. 
tHZCE and tftZWE are specified with CL = 5 pF as in part (b) of AC 
Test Loads. Transition 
is measured 
± 500 mV from steady state 
voltage. 


9, 
The internal write time of the memory is defined by the overlap ofCE 
WW 
and WE Ww. Both signals must be WW 
to initiate a write and 


either signal can terminate 
a write by going HIGH. The data input set- 


up and hold timing should be referenced 
to the rising edge of the signal 


that terminates 
the write. 


10. WE is HIGH 
for read cycle, 


11. Device is continuously 
selected, 
CE = V1L• 
12. Address valid prior to or coincident 
with CE transition 
WW 


13. If CE goes HIGH simultaneously 
with WE HIGH, the output remains 
in a high-impedance 
state. 


Switching Waveforms 


Read Cycle No. 1110•11) 


t=-~~~ 


----P-R-E-YI-O-U-S-D-A-T-A-Y-A-L-ID-3 
••x-..x-X-*================D=A=TA==Y=A=L1=D============~*- 


luCE 


HIGH IMPEDANCE 


Ycc 
SUPPLY 
CURRENT ____ 
lp_u_jt w% 
~~ 
ICC 
WO/O 


ISB 


!HZWE --l 
--------~ 
DATA UNDEFINED 
/ 
HIGH IMPED~~E 1:========== 


Switching 
Waveforms 
(continued) 


Write Cycle No.2 (CE Controlled)19, 131 


!t;ZWE ---l 


-----D-A-T-A-U-N-D-E-F-IN-E-D-------~-------H-IG-H-IM_P_E_D_A_N_C_E 
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NORMALIZED 
SUPPLY CURRENT 
>s. SUPPLY VOLTAGE 
1.4 


'" 
.::: 1.2 
j 
1.0 
o 
WN:J« 
::Ea: 
§1 0.4 


0.2 


0.0 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLYVOLTAGEM 


NORMALIZED 
ACCESS TIME 
>s. SUPPLY VOLTAGE 
1.4 


J. 1.3 
J 1.4 


0 
1.2 
0 


w 
W 


N 
N 
1.2 
:J 
:J 
« 1.1 
« 


::E 
::E 


a: 
a: 
1.0 
0 1.0 
0 
z 
z 


4.5 
5.0 
5.5 
6.0 


SUPPLYVOLTAGEM 


NORMALIZED 
SUPPLY CURRENT 


>s. AMBIENT 
TEMPERATURE 
1.2 


~ 
1.0 


U 
.2 


0.8 
0 
w 
N:J 0.6 
« 
::Ea: 
0.4 
0 
Vcc = 5.0V 
Z 
V'N= 5.0V 
0.2 
ISB 


0.0 
-55 
25 
125 


AMBIENTTEMPERATURE(0G) 


NORMALIZED 
ACCESS TIME 
>s. AMBIENT 
TEMPERATURE 


1.6 


0.6 
-55 
25 
125 


AMBIENTTEMPERATURE(0G) 


OUTPUT 
SOURCE 
CURRENT 
>s. OUTPUT 
VOLTAGE 


~60 
.s 
~z 
wa:§ 
40 
U 


~ 
30 
a: 
:::>g 
20 
~ir 
10 
~o 
0 
0.0 
1.0 
2.0 
3.0 


OUTPUTVOLTAGEM 


OUTPUT 
SINK CURRENT 
vs. OUTPUT 
VOLTAGE 


~150 
.s 125 
~z 
~ 
100 
a: 
:::> 
U~z 
(jj 
~ 
n. 
~o 


1.0 
2.0 
3.0 
4.0 
4.0 


OUTPUTVOLTAGEM 


• 


TYPICAL POWER-ON 
CURRENT 
vs. SUPPLY VOLTAGE 
3.0 


02.5 


.E- 
O 20 
w 
N:J« 1.5 
::;: 
a:0 
1.0 
z 


0.5 
./ 
l...-- -'" 


0.0 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY 
VOLTAGE 
M 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT 
LOADING 
30.0 


en.s 20.0 
~ 
- 
15.0 
~ 
~ 
10.0 


rderin~ Information 
Speed 
lee 
Package 
Operating 
(ns) 
(mA) 
Ordering Code 
lype 
Range 


25 
60 
CY7C167-25PC 
P5 
Commercial 


CY7C167-250C 
016 


CY7C167-25LC 
LS1 


CY7C167-25VC 
V5 


35 
60 
CY7C167-35PC 
P5 
Commercial 


CY7C167-350C 
06 


CY7C167-35LC 
LS1 


CY7C167-35VC 
V5 


45 
50 
CY7C167-45PC 
P5 
Commercial 


CY7C167-450C 
06 


CY7C167-45LC 
LS1 


CY7C167-45VC 
V5 


CY7C167-450MB 
06 
Military 


CY7C167-45LMB 
LS1 


Vcc = 5.0V 
TA = 25°C 
Jl 
Vcc = 0.5V 


fil 
1.0 


N:J« 
::;: 
a: 
~ 
0.9 


0.8 


10 
20 
30 
40 


CYCLE 
FREQUENCY 
(MHz) 


MILITARY SPECIFICATIONS 


Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


V1H 
1,2,3 


V'LMax. 
1,2,3 


I,x 
1,2,3 
loz 
1,2,3 


Icc 
1,2,3 


ISB 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


tOHA 
7, 8, 9, 10, 11 


tACE 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tSCE 
7, 8, 9, 10, 11 


tAw 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


tso 
7, 8, 9, 10, 11 


tHO 
7, 8, 9, 10, 11 


~::=:~ 
":.E CYPRESS 
F 
SEMICONDUCTOR 


Features 


• 
Automatic power-down when dese- 
lected 
• 
CMOS for optimum speed/power 


• 
High speed 
- 
IS ns 


• 
Low active power 
-27SmW 


• 
Low standby power 
-83 
mW 


• 
TTL-compatible 
inputs and outputs 
• 
Capable of withstanding 
greater than 
200IV electrostatic 
discharge 


• 
VIII of 2.2V 


Functional 
Description 


The 
CY7C167A 
is a high-performance 
CMOS static RAM organized 
as 16,384 
words by 1 bit. Easy memory expansion is 
jJrovided by an active WW chip enable 
(CE) 
and 
three-state 
drivers. 
The 
CY7C167 A has an automatic power-down 
feature, reducing the power consumption 
by 67% when deselected. 


Writing to the device is accomplished when 
the chip select (CE) and write enable (WE) 
inputs are both WW 
Data on the input 
pin (DI) is written into the memory loca- 
tion specified 
on the address 
pins (Ao 


through Al3). 


Reading the devicc is accomplished 
by 


taking the chip enable (CE) LOW, while 
(WE) remains HIGH. 
Under these con- 


dintions, the contents of the location spe- 
cified on the address pins will appear on 
the data output (DO) pin. 


The output pin remains in a high-impe- 
dance state when chip enable is HIGH, or 
write enable (WE) is LOW 


Pin Configurations 


DIP 
Top View 


LCC 


Top View 


:i ~~;- 


2 t'_, 2019 
A, 
3 
16 
A" 
A, 
4 
17 
A" 


'" 
5 
16 
A" 
A, 
67C167A 15 
"" 
A., 
7 
14 
"" 
00 
6 
13 
A, 


9 101112 


1~~1~5 


7CI67A-IS 
7C167A-20 
7C167A-2S 
7C167A-3S 
7C167A-4S 


Maximum Access Time (ns) 
15 
20 
25 
35 
45 


Maximum 
Operating 
I Commercial 
90 
80 
60 
60 
50 
Current (mA) 
I Military 
80 
70 
60 
50 


Maximum 
Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 
> 200IV 


Ambient Temperature 
with 
(per MIl.rSTD-883, 
Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
>200 mA 


Supply Voltage to Ground Potential 
(pin 20 to Pin 10) 
- 0.5V to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State. 
. . . . . . . . . . . . .. 
. 
. 


DC Input Voltage. 
. . . . . . 
. 
. 
Output Current into Outputs (LOW) 
. 


- 0.5Y to + 7.0V 
- 3.0V to + 7.0V 


. .... 
20 mA 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


MilitaryP) 
- 55°C to + 125°C 
5V ± 10% III 


7C167A-15 
7C167A-20 
7C167A-25 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output High Voltage 
Vee = Min., IOH = -4.0 mA 
2..4 
2..4 
2..4 
V 


VOL 
Output Low Voltage 
Vee = Min., IOL = 12.0 mA, 
0.4 
0.4 
0.4 
V 
8.0 mA Mil 


VIH 
Input High Voltage 
2.2 
Vee 
2.2 
Vee 
2.2 
Vee 
V 


VIL 
Input Low Voltage(3) 
- 0.5 
0.8 
-0.5 
0.8 
-0.5 
0.8 
V 


IIX 
Input Load Current 
GND £, VI£' 
Vee 
-10 
+10 
-10 
+ 10 
-10 
+10 
j.lA 


Ioz 
Output Leakage 
GND£, 
Vo£, 
Vee 
-10 
+10 
-10 
+ 10 
-10 
+10 
j.lA 
Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., VOUT= GND 
-350 
-350 
-350 
mA 
Circuit Current!4] 


Ice 
Vee Operating 
Vee = Max., 
Com'l 
90 
80 
60 
mA 
Supply Current 
lOUT= OmA 
Mil 
80 
70 


ISD 
Automatic CE 
Max. Vee, 
Com'l 
40 
40 
20 
mA 


Power-Down CurrentlS] 
CE2. 
VIII 
Mil 
40 
20 


7C167A-35 
7C167A-45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output High Voltage 
Vee = Min., IOH = -4.0 mA 
2..4 
2..4 
V 


VOL 
Output Low Voltage 
Vee = Min., IOL = 12.0 mA, 
0.4 
0.4 
V 
8.0 mA Mil 


VIH 
Input High Voltage 
2.2 
Vee 
2.2 
Vee 
V 


VIL 
Input Low Voltagel31 
-0.5 
0.8 
- 0.5 
0.8 
V 


IIX 
Input Load Current 
GND £, VI £, Vee 
-10 
+10 
-10 
+10 
llA 


Ioz 
Output Leakage 
GND£, 
Vo£, 
Vee 
-10 
+10 
-10 
+10 
llA 
Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., VOUT= GND 
-350 
-350 
mA 
Circuit Current[4] 


Ice 
Vee Operating 
Vee = Max., 
Com'l 
60 
50 
mA 


Supply Current 
lOUT= OmA 
Mil 
60 
50 


ISD 
Automatic CE 
Max. Vee, 
Com'l 
20 
15 
mA 


Power-Down Current!S) 
CE2. 
VIII 
Mil 
20 
20 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
10 
pF 


COVT 
Output Capacitance 
TA = 25°C,f= 
1 MHz, 
10 
pF 
Vcc = 5.0V 


CCE 
Chip Enable Capacitance 
6 
pF 


AC Test Loads and Waveforms 


R1329.n. 


(4elil. 
MIL) 
5V 


OUTPUT 


30PFI 


INCLUDING 


JIGAND 
_ 


SCOPE 
- 
(a) 


R2 
202.n. 


(25m 
MIL) 
5 
PFI 
INCLUDING 


JIG AND 
_ 
scoPE 
- 
(b) 


R2 
202.n. 


(25s.n. 
MIL) 


3.0V~ 
90% 


10% 
GND 


..s..5 ns 
~ 


10% 


..:5..5 ns 


7C167A-15 
7C167A-20 
7C167A-25 
7C167A-35 
7C167A-45 


Parameters 
Description 
I Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ CYCLE 


tRC 
Read Cycle Time 
Com'l 
15 
20 
25 
30 
40 
ns 


Mil 
20 
25 
35 
40 
ns 


tAA 
Address to Data Valid 
Com'l 
15 
20 
25 
30 
40 
ns 


Mil 
20 
25 
35 
40 
ns 


!aHA 
Data Hold from 
5 
5 
5 
5 
5 
Address Change 
ns 


tAcE 
CE LOW to Data Valid 
15 
20 
25 
35 
45 
ns 


tLZCE 
CE LOW to Low Z18] 
5 
5 
5 
5 
5 
ns 


tHzcE 
CE HIGH to High ZI8,9] 
8 
8 
10 
15 
15 
ns 


tpv 
CE LOW to Power·Up 
0- 
0 
0 
0 
0 
ns 


tPD 
CE HIGH to Power·Down 
15 
20 
20 
20 
25 
ns 


WRITE CYCLE!'O] 


twc 
Write Cycle Time 
15 
20 
20 
25 
40 
ns 


tSCE 
CE LOW to Write End 
12 
15 
20 
25 
30 
ns 


tAW 
Address Set-Up to Write End 
12 
15 
20 
25 
30 
ns 


tHA 
Address Hold from Write End 
0 
0 
0 
0 
0 
ns 


tSA 
Address Set·Up to Write Start 
0 
0 
0 
0 
0 
ns 


tpwE 
WE Pulse Width 
12 
15 
15 
20 
20 
ns 


tSD 
Data Set·Up to Write End 
10 
10 
10 
15 
15 
ns 


tHO 
Data Hold from Write End 
0 
0 
0 
0 
0 
ns 


tHzwE 
WE LOW to High Z18,9J 
7 
7 
7 
10 
15 
ns 


tLZWE 
WE HIGH to Low ZI8J 
5 
5 
5 
5 
5 
ns 


Notes: 
3. 
V'L min. = -3.0V for pulse durations Jessthan 30 ns. 


4. 
Duration 
of the short circuit should not exceed 30 seconds. 
S. 
A pull-upresistor to Vcc on the CE input is required to keep the de· 
vice deselected 
during VCC power-up, othclWise Iso will exceed val- 


ues given. 


E~~ ~ 


DATA OUT ----P-R-E-V-I-O-U-S-D-A-T-A-V-A-L-ID-J' 
..X- ...X--*===============D=A=T=A=V=A=L=I=D===============*- fJI 


Vcc 
SUPPLY 
CURRENT 


t"ZWE --I 


DATA I/O 
D_A_T_A_U_N_D_E_F_IN_E_D 
> 


IuwE--l 


HIGH IMPEDANCE 
<:========== 


Notes: 
6. 
Tested initially and after any design or process changes that may affect 
these parameters. 
7. 
Test conditions assume signal transition times of 5 os or less, timing 
reference 
levels of 1.5Y, input pulse levels of 0 to 3.0V, and output 


loading of the specified IOL/loH and 30-pF load capacitance. 


8. 
At any given temperature and voltage 
condition, 
1HZ is less than tLZ 


for any given device. 


9. 
tHZCEand tHZWEare tested with CL = 5 pF as in part (b) of AC Test 
Loads. Transition is measured ± 500 mV from steady state voltage. 
10. The internal write time of the memory is defined by the overlap ofCE 
WW 
and WE WW 
Both signal must be WW 
to initiate a write 


and either signal can terminate a write by going HIGH. 
The data input 
set-up and hold timing should be referenced 
to the rising edge of the 


signal 
that 
terminates 
the write. 
I I. 
WE is high for read cycle. 


12. Device is continuously 
selected, 
CE = V1L• 
13. Address valid prior to or coincident 
with CE transition 
WW. 


14. If CE goes HIGH simultaneously 
with WE HIGH, 
the output remains 


in a high-impedance 
state. 


Switching 
Waveforms 
(continued) 


Write Cycle No.2 (CE Controlled) 
(1O, 
14J 


ltiZWE ----l 


--------DA-T-A-U-N-D-E-F-I-N-ED-------)~I-----H-I-G-H_I_M_P_E_D_A_N_C_E 
_ 


NORMALIZED 
SUPPLY CURRENT 


vs. SUPPLY VOLTAGE 
1.4 


~ 
1.2 


Jl1,0 
o 
w 
N 
:::;« 
:E 
cr: 
~ 
0.4 


0.2 


0.0 
4.0 
4.5 
5.0 
5.5 


SUPPLYVOLTAGEM 


NORMALIZED 
ACCESS TIME 


VS. SUPPLY VOLTAGE 
1.4 


J 1.3 


@ 
1.2 


N 
:::;« 1.1 
:E 
cr: 
~ 
10 


..•.••...•.. 


..•.•.. 
TA = 25°C 
.....•.- 
- 


4.5 
5.0 
5.5 
6.0 


SUPPLYVOLTAGEM 


NORMALIZED 
SUI'PLY CURRENT 


vs. AMBIENT 
TEMPERATURE 


1.2 
Jl1.0 


Jl 0.8 
o 
w 
N 
:::; 0.6 
« 
:E 
~ 
0.4 
z 


0.0 
-55 
25 
125 


AMBIENTTEMPERATURE(0C) 


J 1.4 
ow 
N 
1.2 
:::;« 
:E 
cr: 
1.0 
oz 


0.6 


-55 
25 
125 


AMBIENTTEMPERATURE(0C) 


OUTPUT 
SOURCE 
CURRENT 
vs. OUTPUT 
VOLTAGE 


~60 
.s 
f-zw 
cr: 
~ 
40 
u 


~ 
30 


cr:~ 
~ 
20 


~ 
a.. 
10 
~o 
0 o 
1.0 
2.0 
3.0 


OUTPUTVOLTAGEM 


OUTPUT 
SINK CURRENT 
vs. OUTPUT 
VOLTAGE 


~150 
.s 


f- 125 
zw 
cr: 100 
cr:~ 
U 
'" 
75 
z 
Ui 
f-~ 
a.. 
~0 


TYPICAL POWER-ON 
CURRENT 
vs. SUPPLY VOLTAGE 
3.0 


./ 
-- 
-'" 


o 2.5 


-1!- 
fa 20 
N:J 
~ 
1.5 
a: 
~ 
1.0 


0.0 
0.0 
1.0 
20 
3.0 
4.0 
5.0 


SUPPLY VOLTAGE M 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT 
LOADING 
30.0 


Vi'.s 
:l 20.0 


Pack- 
Operating 
Speed 
Icc 
age 
(ns) 
(mA) 
Ordering Code 
Type 
Range 


15 
80 
CY7CI67A-15PC 
1'5 
Commercial 


CY7CI67A-15DC 
D6 


CY7CI67A-15VC 
V5 


20 
80 
CY7CI67A-20PC 
1'5 
Commercial 


CY7CI67A-20DC 
D6 


CY7CI67A-20LC 
LSI 


CY7CI67A-20VC 
V5 


CY7CI67A-20DMB 
D6 
Military 


CY7CI67A-20LMB 
LSI 


CY7CI67A-20KMB 
K71 


25 
60 
CY7CI67A-25PC 
1'5 
Commercial 


CY7CI67A-25DC 
D6 


CY7CI67A-25LC 
LSI 


CY7CI67A-25VC 
V5 


CY7CI67A-25DMB 
D6 
Military 


CY7C 167A-25LMB 
LSI 


CY7CI67A-25KMB 
K71 


Jl 
fa 
1.0 


N:J« 
::Ea: 
~ 
0.9 


Vcc = 5.0V 
TA = 25°C 
V1H = 0.5V 


20 
30 
40 


CYCLE FREQUENCY (MHz) 


Speed 
Icc 
Package 
Operating 
(ns) 
(mA) 
Ordering Code 
Type 
Range 


35 
60 
CY7CI67A-35PC 
1'5 
Commercial 


CY7CI67A-35DC 
D6 


CY7C167A-35LC 
LSI 


CY7CI67A-35VC 
V5 


CY7CI67A-35DMB 
D6 
Military 


CY7C167 A-35LMB 
LSI 


CY7CI67A-35KMB 
K71 


45 
50 
CY7CI67A-45PC 
1'5 
Commercial 


CY7CI67A-45DC 
D6 


CY7C167A-45LC 
LSI 


CY7CI67A-45VC 
V5 


CY7C167 A-45DMB 
D6 
Military 


CY7C167 A-45LMB 
LSI 


CY7CI67A-45KMB 
K71 


• 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1L Max. 
1,2,3 


IIX 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


Iso 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


IRC 
7,8,9,10,11 


lAA 
7,8,9,10,11 


toHA 
7,8,9,10,11 


lACE 
7,8,9,10,11 


WRITE CYCLE 


lwc 
7,8,9,10,11 


ISCE 
7,8,9,10,11 


lAW 
7,8,9,10,11 


IHA 
7,8,9,10,11 


lSA 
7,8,9,10,11 


IpWE 
7,8,9,10,11 


ISD 
7,8,9,10,11 


IHD 
7,8,9,10,11 


-~~:£ 
-:3 'CYPRESS 
, 
SEMICONDUCTOR 


• 
Automatic power-down when dese- 
lected (7C 168) 
• 
CMOS for optimum speed/power 


• 
High speed 
- tM = 25 ns 
- 
tACE= 15 ns (7CI69) 


• 
Low active power 
-385mW 


• 
Low standby power (7CI68) 
-83 mW 


• 
TTL-compatible 
inputs and outputs 
• 
Capable of withstanding 
greater than 


2001V electrostatic 
discharge 


CY7C168 
CY7C169 


Functional 
Description 


The CY7CI68 and CY7C169 arc high-per- 
formance CMOS static RAMs organized 
as 4096 by 4 bits. Easy memory expansion 
i~ovided 
by an active LOW chip enable 
(CE) 
and 
three-state 
drivers. 
The 
CY7Cl68 
has an automatic power-dOwn 


feature, reducing the power consumption 
by 77% when deselected. 


Writing to the device is accomplished when 
the chip select (CE) and write enable (WE) 
inputs are both LOW 
Data on the four 


data input/output pins (I/Oo through 1I0,) 
is written into the memory location speci- 
fied on the address pins (Ao through All). 


Reading 
the device is accomplished 
by 


taking the chip enable (CE) LOW while 
(WE) remains HIGH. 
Under these con- 


dintions, the contents of the location spe- 
cified on the address pins will appear on 
the 
four 
data 
input/output 
pins 
(I/Oo 


through I/O,). 


The input/output 
pins remain in a high- 


impedance 
state 
when..£!!!p 
enable 
is 


HIGH, or write enable (WE) is LOW 


Pin Configurations 


DIP/SOJ 
Top View 


A. 
Vcc 


A, 
A, 


•• 
A, 


A, 
A, 
t.. 
Ao 


A, 
1/00 


A" 
1/0\ 


1/00 
Au 
1102 


CE 
I/O, 


1/0, 
GND 
WE 


1/02 
LCC 


Top View 
1/03 
0 
Il)"'-O (") 
c(c(>c( 


CE 
2<',2019 
•• 
3 
'8 
A, 
A, 
4 
17 
A, 


WE 
t.. 
5 7Cl68 16 
Ao 


A, 
6 7C169 15 
IlOo 


A" 
7 
" 


VO, 


Au 
6 
13 
I/O, 


C168-1 
9101112 


1~~I~g 


7C168-25 
7C168-35 
7C169-40 
7C168-45 
7C169-25 
7C169-35 


Maximum Access Time (ns) 
25 
35 
40 
45 
Maximum Operating 
I Commercial 
90 
90 
70 
70 
Current (mA) 
I Military 
90 
70 
70 


\• 


CY7C168 
CY7C169 


Maximum 
Ratings 


(Above 
which 
the useful 
life may be impaired. 
For user 
guidelines, 
not 
tested.) 


Storage 
Temperature 
- 65°C 
to + 150°C 
Static 
Discharge 
Voltage 
. 


Ambient 
Temperature 
with 
(per 
MIL-STD-883, 
Method 
3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply 
Voltage 
to Ground 
Potential 
Operating 
Range 


(pin 28 to Pin 
14) 
.....................•.. 
- 0.5V to + 7.0V 


DC Voltage 
Applied 
to Outputs 


in High Z State 
- 0.5V to + 7.0V 


DC Input 
Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


Output 
Current 
into 
Outputs 
(Low) 
20 mA 


Ambient 


Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military/ll 
- 55°C 
to + 125°C 
5V ± 10% 


7C168-25 
7C168-35 
7C168-45 


Parameters 
Description 
Test Conditions 
7C169-25 
7C169-35 
7C169-40 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


VOH 
Output 
High 
Voltage 
Vee 
= Min., 
IOH = -4.0 
mA 
2.4 
2.4 
2.4 
V 


VOL 
Output 
Low Voltage 
Vee 
= Min., 
IOL = 8.0 mA 
0.4 
0.4 
0.4 
V 


VIH 
Input 
High 
Voltage 
2.0 
Vee 
2.0 
Vee 
2.0 
Vee 
V 


VIL 
Input 
Low Voltage 
-3.0 
0.8 
-3.0 
0.8 
-3.0 
0.8 
V 


I", 
Input 
Load 
Current 
GND 
oS. VI oS. Vee 
-10 
10 
-10 
10 
-10 
10 
lJ.A 


Ioz 
Output 
Leakage 
GND 
oS. Vo oS. Vee 
-50 
50 
-50 
50 
-50 
50 
lJ.A 
Current 
Output 
Disabled 


Ios 
Output 
Short 
Vee = Max., 
VOUT = GND 
-350 
-350 
-350 
mA 
Circuit 
Currentl31 


Ice 
Vee 
Operating 
Vee 
~ Max., 
Com'l 
90 
70 
70 
mA 
Supply 
Current 
lOUT = OmA 
Mil 
90 
70 


ISB1 
Automatic 
CE 
Max. Vee, 
Com'l 
20 
20 
15 
mA 


Power-Down 
Current 
CE2.Vm 
Mil 
20 
20 


ISB' 
Automatic 
CE 
Max. Vee, 
Com'l 
11 
11 
11 
mA 


Power-Down 
Current 
CE 2. 
Vee 
- .0.3 V 
Mil 
20 
20 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input 
Capacitance 
TA = 25°C, 
f = I MHz 
10 
pF 


COUT 
Output 
Capacitance 
Vee = 5.0V 
10 
pF 


Notes: 
1. 
TA is the "instant 
on" case temperature. 
2. 
See the last page of this specification 
for Group A subgroup 
testing 
IOformatlon. 


3. 
Not more than 1 output should be shorted at one time. 
Duration 
of 


the short circuit should not exceed 30 seconds. 


4. 
Tested initially and after any design or process changes 
that may 
af- 


fect these parameters. 
5. 
Test conditions assume sisnal 
transition times of 5 os or less, timing 
reference 
levels of 1.5V, mput pulse levels of 0 to 3.0V, and output 


loading of the specified IOLlloH and 30·pF load capacitance. 


6. 
At any given tem~rature 
and voltage 
condition, 
1HZ is less than 
tLZ 
for any given deVice. 


7. 
tHZCEand tHzwE are tested with CL = 5 pF as in part (b) of ACTest 
Loads. 
Transition 
is measured 
± 500 mV from steady state voltage. 


8. 
The internal write time of the memory is defined by the overlap ofCE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate 
a write by going HIGH. The data input set- 


up and hold timing should be referenced 
to the rising edgeof the signal 


that terminates the write. 
9. 
WE is high for read cycle. 


10. 
Device is continuously 
selected, 
CE ; 
V1L. 


11. Address valid prior to or coincident 
with CE transition 
low. 


12. If CE goes HIGH simultaneously 
with WEHIGH, 
the output 
remains 


in a high-impedance 
state. 


5V 


OUTPUT 


5V 


OUTPUT 


ALL 
INPUT 
PULSES 


3.0V -~-----VO_--~%'O% 
GNo::J C% 
j ~ 
30 


PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(a) 


THEVENIN 
EQUIVALENT 
'67.n. 


5 


PFI 


INCLUDING 


JIG AND 
_ 


SCOPE 
- 
(b) 


7C168-25 
7C168-35 
7C169-40 
7C168-45 
7C169-25 
7C169-35 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ CYCLE 


tRC 
Read Cycle Time 
25 
35 
40 
45 
ns 


tAA 
Address to Data Valid 
25 
35 
40 
45 
ns 


!aHA 
Output Hold from Address Change 
3 
3 
3 
3 
ns 


tACE 
CE LOW to Data Valid 
17CI68 
25 
35 
45 
ns 


17C169 
15 
25 
25 
ns 


tLZCE 
CE LOW to Low Zl61 
5 
5 
5 
5 
ns 


tHZCE 
CE HIGH to High Z16.7j 
15 
20 
20 
25 
ns 


tpu 
CE LOW to Power-Up (7CI68) 
0 
0 
0 
0 
ns 


tpo 
CE HIGH to Power-Down (7CI68) 
25 
25 
30 
ns 


tRCS 
Read Command Set-Up 
0 
0 
0 
0 
ns 


tRCH 
Read Command 
Hold 
0 
0 
0 
0 
ns 


WRITE CYCLEI8l 


twc 
Write Cycle Time 
25 
35 
40 
40 
ns 


tSCE 
CE LOW to Write End 
25 
30 
30 
35 
ns 


tAW 
Address Set-Up to Write End 
20 
30 
40 
35 
ns 


tHA 
Address Hold from Write End 
0 
0 
0 
0 
ns 


tSA 
Address Set-Up to Write Start 
0 
0 
0 
0 
ns 


tpwE 
WE Pulse Width 
20 
30 
35 
35 
ns 


tso 
Data Set-Up to Write End 
10 
15 
15 
15 
ns 


tHO 
Data Hold from Write End 
0 
0 
3 
3 
ns 


tLzwE 
WE HIGH to Low ZI6J 
6 
6 
6 
6 
ns 


tHzwE 
WE LOW to High Z16.7j 
10 
15 
20 
20 
ns 


• 


CY7C168 
CY7C169 


Switching Waveforms 


Read Cycle No. 119,1°1 t-~~~ 


DATA OUT ----P-R-E-V-IO-U-S-D-A-T-A-V-A-L-ID 
~-X--X--*================D=A=TA==V=A=LI=D============~~- 


tu 


HIGH IMPEDANCE 


Vcc 
SUPPLY 
CURRENT 


4iZWE j 


DATA I/O ----------------------) 
DATA UNDEFINED 
.. 


luwE--l 


HIGH IMPEDANCE 
<=========== 


CY7C168 
CY7C169 


Switching 
Waveforms 
(continued) 


Write Cycle No.2 (CE Controlled) 
18, 121 


4iZWE -----..j 


-------D-A-T-A-U-N-D-E-F-IN-E-D-------y~-----H-I-G-H_I_M_P_E_D_A_N_C_E 
_ 


NORMALIZED 
SUPPLY CURRENT 


>'S. SUPPLY VOLTAGE 
1.4 


Jl1.0 
o 
l.U 
N:J 
<!::;: 
a: 
~ 
0.4 


0.2 


0.0 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLYVOLTAGEM 


NORMALIZED 
ACCESS TIME 


>'S. SUPPLY VOLTAGE 
1.4 


J. 1.3 
@ 1.2 
N:J 
<! 
1.1 
::;: 
a: 
~ 
10 


I-.... 


..•......'- 


TA = 25°C 
r-- - 
0.9 


0.8 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLYVOLTAGEM 


31.0 
Jl 08 
o 
l.U 
N:J 0.6 
<!::;: 
~ 
0.4 
z 


0.0-55 
25 
125 


AMBIENTTEMPERATURE(0C) 


J. 1.4 
o 
l.U 
N 
1.2 
:J 
<!::;:gj 
1.0 
z 


0.6 
-55 
25 
125 


AMBIENTTEMPERATURE(0C) 


OUTPUT 
SOURCE 
CURRENT 


_ 
>'S. OUTPUT 
VOLTAGE 
1120 


I-z 100 
l.U 
a:a: 
:::lo 


l.Uo 
a: 
:::l 
5l 
40 
~ 
0.. 
20 
~o 
0 
0.0 
1.0 
2.0 
3.0 


OUTPUTVOLTAGEM 


OUTPUT 
SINK CURRENT 


>'S. OUTPUT 
VOLTAGE 


;;{ 140 
.s120 
I-z 
~ 
100 
a:a 
80 
~z 
60 
iil 
~ 
0.. 
~o 


1.0 
2.0 
3.0 


OUTPUTVOLTAGEM 


CY7C168 
CY7C169 


TYPICAL POWER-ON 
CURRENT 


\'S. SUPPLY VOLTAGE 


3.0 


J 2.5 


0 2.0 
w 
N::J« 1.5 
:::Ea:0 1.0 
z 


0.5 
./ 
- 
~ 
00 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY 
VOLTAGE 
M 


TYPICAL ACCESS TIME CHANGE 


YS. OUTPUT 
LOADING 
_ 
30.0 


lI>-SJ 25.0 


@ 20.0 
N 
::J 
~ 
15.0 
a: 
~ 
10.0 


Speed 
Ice 
Package 
Operating 


(ns) 
(mA) 
Ordering Code 
Type 
Range 


25 
90 
CY7Cl68-25PC 
P5 
Commercial 


CY7Cl68-250C 
06 


CY7Cl68-25LC 
L51 


CY7Cl68-25VC 
V5 


35 
90 
CY7C168-35PC 
P5 
Commercial 


CY7Cl68-350C 
06 


CY7Cl68-35LC 
L51 


CY7Cl68-35VC 
V5 


CY7Cl68-350MB 
06 
Military 


CY7Cl68-35LMB 
L51 


45 
70 
CY7Cl68-45PC 
P5 
Commercial 


CY7Cl68-450C 
06 


CY7Cl68-45LC 
L51 


CY7Cl68-45VC 
V5 


CY7Cl68-450MB 
06 
Military 


CY7Cl68-45LMB 
L51 


0 
.9 
0 
1.0 
w 
N::J« 
:::Ea:0 
0.9 
z 


20 
30 
40 


CYCLE 
FREQUENCY 
(MHz) 


Speed 
Ice 
Package 
Operating 


(ns) 
(mA) 
Ordering Code 
Type 
Range 


25 
90 
CY7C169-25PC 
P5 
Commercial 


CY7C169-250C 
06 


CY7C169-25LC 
L51 


CY7C169-25VC 
V5 


35 
90 
CY7C169-35PC 
P5 
Commercial 


CY7C169-350C 
06 


CY7C169-35LC 
L51 


CY7C169-35VC 
V5 


CY7C169-350MB 
06 
Military 


CY7C169-35LMB 
L51 


40 
70 
CY7C169-40PC 
P5 
Commercial 


CY7C169-400C 
06 


CY7C169-4OLC 
L51 


CY7C169-40VC 
V5 


CY7C169-400MB 
06 
Military 


CY7C169-4OLMB 
L51 


CY7C168 
CY7C169 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


V'H 
1,2,3 


V'LMax. 
1,2,3 


I,x 
1,2,3 
Ioz 
1,2,3 


Icc 
1,2,3 
IS8,I13J 
1,2,3 


IS82113J 
1,2,3 


Notes: 
13. 7C168 only. 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7,8,9,10,11 


tAA 
7,8,9,10,11 


loHA 
7,8,9,10,11 


tACE 
7,8,9,10,11 


tRCS 
7,8,9,10,11 


tRCH 
7,8,9,10,11 


WRITE CYCLE 


twc 
7,8,9,10,11 


tSCE 
7,8,9,10,11 


tAW 
7,8,9,10,11 


tHA 
7,8,9,10,11 


tSA 
7,8,9,10,11 


tpwE 
7,8,9,10,11 


tSD 
7,8,9,10,11 


tHD 
7,8,9,10,11 


'-"".1...L..L'\...J....Ja....JU 
SEMICONDUCTOR 


• 
Automatic power-down when dese· 
lected (7C 168A) 
• 
CMOS for optimum speed/power 


• 
High speed 
-tM 
= 15ns 
- 
tACE= 10 ns (7C169A) 


• 
Low active power 
-385mW 


• 
Low standby power (7C168) 
-83 
mW 


• 
TTL-compatible 
inputs and outputs 


• 
Vm of 2.2V 


• 
Capable of withstanding 
greater than 
2001V electrostatic 
discharge 
Functional 
Description 


The CY7CI68A and CY7C169A are high- 
performance 
CMOS static RAMs orga- 
nized as 4096 by 4 bits. Easy memory ex- 
pansion ~rovided 
by an active LOW chip 
enable (CE) and three-state drivers. 
The 
CY7CI68A has an automatic power-down 
feature, reducing the power consumption 
by 77% when deselected. 
Writing to the device is accomplished when 
the chip select (CE) and write enable (WE) 
inputs are both 
LOW 
Data on the four 
data input/output pins (1/00 through 1/03) 


is written into the memory location speci- 
fied on the address pins (Ao through All). 


Reading 
the device is accomplished 
by 


taking the chip enable (CE) LOW, while 
(WE) remains HIGH. 
Under these condi- 


tions, the contents of the location specified 
on the address pins will appear on the four 
data input/output pins (1100 through 1103). 


The input/output 
pins remain in a high- 


impedance 
state 
when 
chip 
enable 
is 


HIGH or write enable (WE) is LOW 


Pin Configurations 


DIP/SOJ 
Top View 


LCC 


Top View 
~<:Sc{M 


2 ~1J2019 


Po., 
3 
'8 
A, 


A, • 
17 
A, 


Po., 
5 7C16BA 16 
Po., 


"'" 
6 7C169A 
15 
1100 


A" 
7 
,. 
110, 


A" 
8 
'3 
110, 


9'011'2 
I~§[~g 


7C168A-15 
7C168A-20 
7C168A-25 
7C168A-35 
7C169A-40 
7C168A-45 
7C169A-15 
7C169A-20 
7C169A-25 
7C169A 35 


Maximum Access Time (ns) 
15 
20 
25 
35 
40 
45 


Maximum 
I Commercial 
115 
90 
70 
70 
50 
50 
Operati~~ 
\) 
I Military 
90 
80 
70 
70 
Current 
mA 
70 


CY7C168A 
-=--~ 
. 
,~ 
CY7C169A 
=-, SEMICONDOC'TCR 
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines. not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 


Ambient Temperature 
with 
(per MIL-STD-883. Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current .. 


Supply Voltage to Ground Potential 
Operating 
Range 
(pin 20 to Pin 10) 
- 0.5V to + 7.0V 


~~y~~t~stafe~li~~ 
t~ O.utputs 
_ 05V to + TOV 


DC Input Voltage 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) ....•............ 
20 mA 


Ambient 
Range 
Temperature 
Vee 


Commercial 
OOCto + 70°C 
5V ± 10% 


Military!11 
- 55°C to + 125°C 
5V ± 10% 


7C168A-1S 
7C168A-20 


7C169A-lS 
7C169A-20 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min .• IoH = -4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min .• IoL = 80 mA 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
V 


V1L 
Input LOW Voltagei3] 
-0.5 
0.8 
-0.5 
0.8 
V 
Irx 
Input Load Current 
GND-5.- VI-5.- Vee 
-10 
+10 
-10 
+10 
IJ-A 


Ioz 
Output Leakage 
GND-5.- Vo-5.- Vee 
-10 
+10 
-10 
+10 
IJ-A 


Current 
Output Disabled 


Ios 
Output Short 
Vee = Max.• VOUT= GND 
-350 
-350 
mA 


Circuit Currentl41 


Ice 
Vee Operating 
Vce: 
Max.• 
Com'l 
115 
90 
mA 
Supply Current 
lOUT= OmA 
Mil 
90 


IS81 
Automatic CS 
Max. Vee• 
Com'l 
40 
40 
mA 


·Power-Down Current 
CE2. 
V'H 
Mil 
40 


IS82 
Automatic CE 
Max. Vee• 
Com'l 
20 
20 
mA 


Power-Down Current 
CE 2. VCC - .0.3 V 
Mil 
20 


Notes: 
1. 
TA is the "instant on" case temperature. 
2. 
See the last page of this specification 
for Group A subgroup 
testing 
information. 


3. 
V'L min. = -3.0V 
for pulse durations 
less than 30 ns. 


4. 
Not more than 1 output should be shorted at one time. 
Duration 
of 


the short circuit should not exceed 30 seconds. 


• 


CY7C168A 
~-----.r~ 
=====================C=Y=7=C=1=6=9=A 


7C168A·25 
7Cl68A-35 
7C168A-45 


7C169A-25 
7Cl69A·35 
7C169A-40 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


VOH 
Output HIGH Voltage 
Vee = Min.,IoH 
= -4.0 mA 
2.4 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vec 
2.2 
Vee 
2.2 
Vee 
V 


VIL 
Input LOW Voltage!3] 
-0.5 
0.8 
-0.5 
0.8 
-0.5 
0.8 
V 


Ilx 
Input Load Current 
GND £. VI £. Vee 
-10 
+10 
-10 
10 
-10 
10 
~A 


Ioz 
Output 
Leakage 
GND £. Va £. Vce 
-10 
+ 10 
-50 
50 
-50 
50 
~A 


Current 
Output Disabled 


Ios 
Output Short 
Vec = Max., VOUT= GND 
-350 
-350 
-350 
mA 


Circuit Current!'] 


Ice 
Vec Operating 
Vee ~ Max., 
Com'l 
70 
70 
50 
mA 


Supply Current 
lOUT= OmA 
Mil 
80 
70 
70 


ISB1 
Automatic CS 
Max. Vee, 
Com'l 
20 
20 
20 
mA 


Power-Down Current 
CE2. 
VlII 
Mil 
20 
20 
20 


ISB2 
Automatic CE 
Max. Vec, 
Com'l 
20 
20 
20 
mA 


Power-Down Current 
CE 2. VCC - .0.3 V 
Mil 
20 
20 
20 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA=25°C,f= 
1 MHz 
10 
pF 


COUT 
Output Capacitance 
Vec = 5.0V 
10 
pF 


AC Test Loads and Waveforms 
R1481.n. 


5V 


OUTPUT 


5V 


OUTPUT 


30PFI 


INCLUDING 
JIG AND 
_ 
SCOPE 
- 


5 
PFI 
INCLUDING 
JIGAND 
_ 


SCOPE 
- 


(a) 


THEvENIN EQUIVALENT 
167fi 


Notes: 
S. 
Testediniliallyand after anydesignor processchanges that may af- 
fect these parameters. 
6. 
Test conditions 
assume signal transition 
times of 5 os or less, timing 


reference levelsof 1.5V,inpul pulse levelsof 0 to 3.0V,and output 
loadingof the specifiedIOL/loHand 30-pF load capacitance. 


CY7C168A 
~-r~ 
===================C;;;;;Y;;;;;7;;;;;C;;;;;1;;;;;6;;;;;9;;;;;A 


7C168A-15 
7C168A-20 
7C168A·25 


7C169A-15 
7C169A·20 
7C169A-25 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
15 
20 
25 
ns 


tAA 
Address 
to Data 
Valid 
15 
20 
25 
ns 


IoHA 
Output 
Hold 
from 
Address 
Change 
5 
5 
5 
ns 


tACE 
Power 
Supply 
Current 
I 7CI68A 
15 
20 
25 
ns 


I 7C169A 
10 
12 
15 
ns 


tLZCE 
CE 
LOW 
to Low 
Z17. 81 
5 
5 
5 
ns 


tHZCE 
CE HIGH 
to High 
Z17,91 
8 
8 
10 
ns 


tpu 
CE 
LOW 
to Power 
Up (7CI68) 
0 
0 
0 
ns 


tPD 
CE 
HIGH 
to Power-Down 
(7CI68) 
15 
20 
20 
ns 


tRCS 
Read 
Command 
Set-Up 
0 
0 
0 
ns 


tRCH 
Read 
Command 
Hold 
0 
0 
0 
ns 


WRITE 
CYCLEI10I 


twc 
Write 
Cycle 
Time 
15 
20 
20 
ns 


tSCE 
CE 
LOW 
to Write 
End 
12 
15 
20 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
12 
15 
20 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tPWE 
WE 
Pulse 
Width 
12 
15 
15 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
10 
10 
10 
ns 


tHD 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z171 
7 
7 
7 
ns 


tHzwE 
WE 
LOW 
to High 
ZI7,91 
5 
5 
5 
ns 


Notes: 
7. 
At any given temperature 
and voltage condition, 
THz is less than tLz 
for all devices. 
ltansition 
is measured 
± 500 mV from steady state 
voltage with specified loading in part (b) of AC Test Loads and Wave- 
forms. 
8. 
3-ns minimum for the CY7C169A. 


9. 
tHzcEand 
tHzWEare tested with CL = 5 pFasin 
part (a) of Test Loads 
and Waveforms. 
Transition 
is measured 
± 500 mY from steady state 
voltage. 
10. The internal 
write time of the memory is defined 
by the overl"p of 


CE LOW and WE LOW 
Both sign"1 must be LOW to initiate a write 


and either signal can terminate 
a write by going high. The data input 
setup and hold timing should be referenced 
to the rising edge of the 


signal that terminates 
the write. 


1J. WE is HIGH 
for read cycle. 


12. Device is continuously 
selected, 
CE = VtL. 


13. Address valid prior to or coincident 
with CE transition 
low. 


14. If CE goes HIGH 
simultaneously 
with WE HIGH, 
the output 
re- 


mains 
in a high-impedance 
state. 


• 


~ 
~-----= 


.;~ 


-==::::t=:::=r, 
~ 
===================================================================== 


CY7C168A 
CY7C169A 


7C168A·35 
7C169A-40 
7C168A-45 
7C169A-35 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ CYCLE 


tRc 
Read Cycle Time 
35 
40 
45 
ns 


tAA 
Address to Data Valid 
35 
40 
45 
ns 


IoHA 
Output Hold from Address Change 
5 
5 
5 
ns 


tACE 
Power Supply Current 
I 7CI68A 
35 
40 
45 
ns 
I 7C169A 
25 
25 
ns 


tLZCE 
CE LOW to Low Zp· 
8) 
5 
5 
5 
ns 


tHZCE 
CE HIGH to High ZP,9] 
15 
15 
15 
ns 


tpu 
CE LOW to Power Up (7CI68) 
0 
0 
0 
ns 


tpo 
CE HIGH to Power-Down (7CI68) 
20 
20 
25 
ns 


tRcs 
Read Command Set-Up 
0 
0 
0 
ns 


tRCH 
Read Command 
Hold 
0 
0 
0 
ns 


WRITE CYCLE(l°J 


twc 
Write Cycle Time 
25 
35 
40 
ns 


tSCE 
CE LOW to Write End 
25 
30 
30 
ns 


tAW 
Address Set-Up 
to Write End 
25 
30 
30 
ns 


tHA 
Address Hold from Write End 
0 
0 
0 
ns 


tSA 
Address Set-Up 
to Write Start 
0 
0 
0 
ns 


tPWE 
WE Pulse Width 
20 
20 
20 
ns 


tso 
Data Set-Up 
to Write End 
15 
15 
15 
ns 


tHO 
Data Hold from Write End 
0 
0 
0 
ns 


tLzwE 
WE HIGH to Low ZPJ 
5 
5 
5 
ns 


tHZWE 
WE LOW to High ZP,9) 
10 
15 
15 
ns 


Switching 
Waveforms 


Read Cycle No. 1(11,121 


.;~ 
=--, SEMIC'CtIDlJCTC 
================================== 


CY7C168A 
CY7C169A 


Switching Waveforms 
(continued) 


Read Cyc1elll. 13) 


CE 


Vcc 


SUPPLY 
CURRENT 
• 


I 


1HZWE j 


OATA110 --------O-A-TA-U-N-O-E-F-IN-E-O-------- 
) 


luwE--! 


HIGHIMPEOANCE I<==========~ 


~_-----H-I-G-H-I-M-P-E-O-A-N-C-E------ 


• 
C168A-Q 


NORMALIZED 
SUPPLY CURRENT 


vs. SUPPLY VOLTAGE 
1.4 


~ 
1.2 
Jl1.0 
ow 
N:J< 
::Ea: 
~ 
0.4 


0.2 


0.0 
4.0 


V1N = 5.0V 
TA = 25°C 


4.5 
5.0 
5.5 


SUPPLY 
VOLTAGE 
M 


NORMALIZED 
ACCESS TIME 
vs. SUPPLY VOLTAGE 
1.4 


.••... 


......... .••....•.... 
TA = 25°C 
--- 


J. 1.3 


@ 
1.2 
N:J< 1.1 
::Ea: 
~ 
1.0 


0.9 


0.8 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY 
VOLTAGE 
M 


TYPICAL POWER·ON 
CURRENT 


vs. SUPPLY VOLTAGE 
3.0 


./ 


----" 


o 2.5 


.!!- 
0 2.0 
wN 
:J 
<{ 
1.5 
::E 
a:0 
1.0 
z 


0.5 


0.0 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY 
VOLTAGE 
M 


NORMALIZED 
SUPPLY CURRENT 
OUTPUT 
SOURCE 
CURRENT 


vs. AMBIENT 
TEMPERATURE 
_ 
vs. OUTPUT 
VOLTAGE 


1.2 
11~ 


'" 
.:!' 1.0 
Jl 
o 
WN:J 
0.6 
< 
::E 
t5 
0.4 
z 


25 
125 


AMBIENT 
TEMPERATURE 
(0C) 


J. 1.4 
ow 
N 
1.2 
:J< 
::Ea: 
1.0 
oz 


0.6 
-55 
25 
125 


AMBIENT 
TEMPERATURE 
(0C) 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT 
LOADING 
30.0 


en.s 20.0 
:l' 
< 15.0 
':Jwo 
10.0 


f- 
Z 100 
wa:a: 
::::>U 
w 
U 
a: 
::::>0 
40 
en 
f- 
::::> ~ 
CLf- 
::::> 
0 
0 
0.0 
1.0 
2.0 
3.0 


OUTPUT 
VOLTAGE 
M 


OUTPUT 
SINK CURRENT 


vs. OUTPUT 
VOLTAGE 
« 140 
.s 120 
f-z 
~ 
100 
a:a 
80 
'"z 
60 
U) 
~ 
CLf- 
::::>o 


1.0 
2.0 
3.0 


OUTPUT 
VOLTAGE 
M 


Jl 
0 
1.0 
w 
N:J< 
::Ea:0 
0.9 
z 


20 
30 
40 


CYCLE 
FREQUENCY 
(MHz) 


CY7C168A 


. 
;~ 
CY7C169A 
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Speed 
lee 
Package 
Operating 


(ns) 
(mA) 
Ordering Code 
Type 
Range 


15 
115 
CY7CI68A-15PC 
P5 
Commercial 


CY7CI68A-15DC 
D6 


CY7CI68A-15VC 
V5 


20 
90 
CY7CI68A-20PC 
P5 
Commercial 


CY7CI68A-20DC 
D6 


CY7CI68A-20VC 
V5 


CY7CI68A-20DMB 
D6 
Military 


CY7CI68A-20LMB 
L51 


CY7CI68A-20FMB 
F71 


CY7CI68A-20KMB 
K71 


25 
70 
CY7CI68A-25PC 
P5 
Commercial 


CY7CI68A-25DC 
D6 


CY7CI68A-25LC 
L51 


CY7CI68A-25VC 
V5 


80 
CY7CI68A-25DMB 
D6 
Military 


CY7CI68A-25LMB 
L51 


CY7CI68A-25FMB 
F71 


CY7CI68A-25KMB 
K71 


35 
70 
CY7CI68A-35PC 
P5 
Commercial 


CY7CI68A-35DC 
D6 


CY7CI68A-35LC 
L51 


CY7CI68A-35VC 
V5 


CY7CI68A-35DMB 
D6 
Military 


CY7CI68A-35LMB 
L51 


CY7CI68A-35FMB 
F71 


CY7CI68A-35KMB 
K71 


45 
50 
CY7CI68A-45PC 
P5 
Commercial 


CY7CI68A-45DC 
D6 


CY7CI68A-45LC 
L51 


CY7CI68A-45VC 
V5 


70 
CY7CI68A-45DMB 
D6 
Military 


CY7CI68A-45LMB 
L51 


CY7CI68A-45FMB 
F71 


CY7CI68A-45KMB 
K71 


Speed 
lee 
Package 
Operating 


(ns) 
(mA) 
Ordering Code 
Type 
Range 


15 
115 
CY7CI69A-15PC 
P5 
Commercial 


CY7CI69A-15DC 
D6 


CY7CI69A-15VC 
V5 


20 
90 
CY7CI69A-20PC 
P5 
Commercial 


CY7CI69A-20DC 
D6 


CY7CI69A-20VC 
V5 


CY7CI69A-20DMB 
D6 
Military 


CY7CI69A-20LMB 
L51 


CY7CI69A-20FMB 
F71 


CY7CI69A-20KMB 
K71 


25 
70 
CY7CI69A-25PC 
P5 
Commercial 


CY7CI69A-25DC 
D6 


CY7CI69A-25LC 
L51 


CY7CI69A-25VC 
V5 


80 
CY7CI69A-25DMB 
D6 
Military 


CY7CI69A-25LMB 
L51 


CY7CI69A-25FMB 
F71 


CY7CI69A-25KMB 
K71 


35 
70 
CY7CI69A-35PC 
P5 
Commercial 


CY7CI69A-35DC 
D6 


CY7C169A-35LC 
L51 


CY7CI69A-35VC 
V5 


CY7CI69A-35DMB 
D6 
Military 


CY7CI69A-35LMB 
L51 


CY7CI69A-35FMB 
F71 


CY7CI69A-35KMB 
K71 


45 
50 
CY7CI69A-45PC 
P5 
Commercial 


CY7CI69A-45DC 
D6 


CY7C169A-45LC 
L51 


CY7CI69A-45VC 
V5 


70 
CY7CI69A-45DMB 
D6 
Military 


CY7CI69A-45LMB 
L51 


CY7CI69A-45FMB 
F71 


CY7CI69A-45KMB 
K71 


CY7C168A 
~ 
;~ 
CY7C169A 
, ~ 
=============================== 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1LMax. 
1,2,3 


IIX 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


ISB1(lS] 
1,2,3 


IsB2(1S1 
1,2,3 


Note: 
IS. 7C168 only. 


Parameters 
Subgroups 


READ CYCLE 


IRC 
7, 8, 9, 10, 11 


lAA 
7, 8, 9, 10, 11 


IOHA 
7, 8, 9, 10, 11 


lACE 
7, 8, 9, 10, 11 


IRCS 
7, 8, 9, 10, 11 


IRCH 
7, 8, 9, 10, 11 


WRITE CYCLE 


Iwc 
7, 8, 9, 10, 11 


ISCE 
7, 8, 9, 10, 11 


lAW 
7, 8, 9, 10, 11 


IHA 
7, 8, 9, 10, 11 


lSA 
7, 8, 9, 10, 11 


IpWE 
7, 8, 9, 10, 11 


Iso 
7, 8, 9, 10, 11 


IHO 
7, 8, 9, 10, 11 


Features 


• 
CMOS for optimum speed/power 


• 
High speed 
- 
tM = 25 ns 


- 
tAcs = 15 ns 


• 
Low active power 
- 
495 mW (commercial) 


- 
660 mW (military) 


• 
TTL-compatible 
inputs and outputs 
• 
Capable of withstanding 
greater than 


2001V electrostatic 
discharge 


• 
Output enable 


Functional 
Description 


The 
CY7C170 
is 
a 
high-performance 
CMOS 
static 
RAM 
organized 
as 4096 
words by 4 bits. Easy memory expansion is 
llrovided by an active WW 
chip select 
(CS), an active LOW output enable (OE), 
and three-state drivers. 


Writing to the device is accomplished when 
the chip select (CS) and write enable (WE) 
inputs are both WW Data on the four I/O 
pins (I/Oo through I/O,) is written into the 
memory location specified on the address 
pins (Ao through All). 


Ao 


A, 
1/00 


A2 


A3 


110, 


A4 
VO, 


A5 
A<; 
I/O, 


Reading the device is accomplished by ta~ 
chip select (CS) 
and outpu~able 
(OE) 


LOW, while write enable 
(WE) 
remains 


HIGH. Under these conditions the contents 
of the memory location specified on the ad- 
dress pins will appear on the I/O pins. 


The I/O pins staY..i.nhigh-impedance 
state 


when chip select (CS) or ou!Q!!!enable (OE) 
is HIGH, or write enable (WE) is WW 


A die coat is used to insure alpha immunity. 


Pin Configurations 


DIP 
Top View 


A" 
1 
22 
Voc 


A, 
2 
21 
A, 


•• 


3 
20 
A, 


A, 
4 
19 
A, 


•• 
5 
18 
•• 
•• 
6 7C170 17 
NC 


A" 
7 
18 
VCo 


A" 
8 
15 
VC, 


cs 
9 
14 
VC, 


CE 
10 
13 
ve. 


GND 
11 
12 
WE 


C170-2 


SOJ 
Top View 


A" 
1 
24 
Voc 


A, 
2 
23 
A, 


•• 
3 
22 
A, 


A, 
4 
21 
A, 
.•. 
5 
20 
•• 


NC 
8 7C170 
19 
NC 
•• 
7 
18 
NC 


A" 
8 
17 
VOo 


A" 
9 
18 
VC, 


cs 
10 
15 
VO, 


CE 
11 
14 
I/o, 


GND 
12 
13 
WE 


C170-3 


7C170-25 
7C170-35 
7C170-45 


Maximum Access Time (ns) 
25 
35 
45 


Maximum Operating 
I 
Commercial 
90 
90 
90 


Current (mA) 
I 
Military 
120 
120 


•.••.••...•...•.••• 
_ •..•.•.... _ .•.•••t) ..• 


(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 15000C 
Static Discharge Voltage 
> 200IV 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied............. 
- 55°C to + 125°C 
Latch-Up Current............................. 
>200 mA 


Supply Voltage to Ground Potential 
Operating 
Range 


(pin 22 to Pin 11) ....................•.. 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. . . . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.OV to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Militaryll\ 
- 55°C to + 125°C 
5V ± 10% 


7C170 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOII 
Output HIGH Voltage 
Vee = Min., 1011= - 4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., 10L = 8.0 mA 
0.4 
V 


VIH 
Input HIGH Voltage 
2.0 
Vee 
V 


V1L 
Input LOW Voltage 
-3.0 
0.8 
V 


Ilx 
Input Load Current 
GND~ 
VI~ 
Vee 
-10 
+ 10 
IJ.A 


loz 
Output Leakage Current 
GND ~ 
Vo~ 
Vee, Output Disabled 
-50 
+50 
IJ.A 


los 
Output Short Circuit Currentl3] 
Vee = Max., VOUT= GND 
-350 
mA 


Ice 
Vee Operating Supply 
Vee = Max. 
I Com'l 
90 
mA 
Current 
lOUT= 0 mA 
, 
I Mil 
120 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C,f 
= 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Notes 
1. 
TA is the "instant on" case temperature. 
2. 
See the last page of this specificationfor Group A subgroup testing 
information. 


3. 
Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


4. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 


5V 


OUTPUT 


5V 


OUTPUT 


30PFI 


INCLUDING 


JIG AND 
_ 


SCOPE 
- 
(a) 


5 
PFI 
INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(b) 


THEVENIN 
EQUIVALENT 
167,n 


7C170A-25 
7C170A-35 
7C170A-45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
25 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
25 
35 
45 
ns 


IoHA 
Output 
Hold 
from 
Address 
Change 
3 
3 
3 
ns 


tAcs 
CS LOW 
to Data 
Valid 
15 
25 
30 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
15 
15 
20 
ns 


tLWE 
OE 
LOW 
10 Low 
Z 
0 
0 
0 
ns 


h'WE 
OE 
HIGH 
10 High 
ZI6J 
15 
15 
15 
ns 


tLZCS 
CS LOW 
to Low 
Z(7] 
3 
5 
5 
ns 


IHzcs 
CE HIGH 
to High 
Z16.7J 
15 
20 
25 
ns 


WRITE 
CYCLEIS] 


Iwc 
Write 
Cycle 
Time 
25 
35 
40 
ns 


tSCE 
CS LOW 
to Wrile 
End 
25 
35 
35 
ns 


tAW 
Address 
Sel-Up 
10 Write 
End 
20 
30 
35 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
20 
30 
35 
ns 


tso 
Data 
Set-Up 
to Write 
End 
10 
15 
15 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
3 
ns 


IHZWE 
WE 
HIGH 
10 High 
Z 
10 
15 
20 
ns 


tLzwE 
WE 
HIGH 
10 Low 
Z 
6 
6 
6 
ns 


Notes; 
5. 
Test conditions 
assume signal transition 
times of 5 os or less, timing 
reference 
levels of I.5Y, input pulse levels of 0 to 3.0Y and output 


loading of the specified 1001IoH. and 30-pF load capacitance. 
6. 
'HWE. 'HZCS.and tHzwE are tested with CL = 5pF as in part (b) of 
AC Test Loads. Transition 
is measured 
± 500 mY from steady state 
voltage. 


7. 
At any given temperature 
and voltage condition, 
tHzeS is less than 


tLZCS 
for any given device. 


8. 
The internal write time of the memory is defined by the overlap of CS 
LOW and WE LOW. Bolh signals must be LOW to initiale a write and 


either signal can terminate 
a write by going HIGH. The data input set- 


up and hold timing should be referencd 
to the rising edge of the signal 


that terminates 
the write. 


9. 
WE is HIGH 
for read cycle. 


iO. Device is continuously 
selected. 
CS = V'Land 
OE = V'L. 


11. Address valid prior to or coincident 
with CE transition 
LOW. 


t2. 
Data 1/0 will be high impedance 
if OE = V1H. 


13. IfCEgoesHIGH 
simultaneously 
with WE HIGH, 
the output remains 


in a high-impedance state. 


Switching 
Waveforms 


Read 
Cycle 
No. 
119,1°1 
-t= 
t 
AC 


ADD"" 
~ 
'"' 
'"=:::::1. 


DATAOUT 
PREVIOUSDATAVA:5k:XXX~===============D=A=T=A=V=A=L=ID=============== 
*==== 


\• 


tuOE - 
HIGH IMPEDANCE 


CY7C170 


________ 
1HZW_E 
: 


DATA UNDEFINED 
.y 


tuwE 
-, 
• 


HIGH IMPEDANCE --l(,,-_-_-_-_-_-_- _-_-_-_ 


3.... 
H_IG_H_I_M_P_E_D_A_N_C_E 
_ 


Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
1)'pe 
Range 


25 
CY7C170-25PC 
1'9 
Commercial 


CY7C170-250C 
010 


CY7C170-25VC 
Vl3 


35 
CY7C170-35PC 
1'9 
Commercial 


CY7C170-350C 
010 


CY7C170-35VC 
Vl3 


CY7C170-350MB 
010 
Military 


45 
CY7C170-45PC 
1'9 
Commercial 


CY7C170-450C 
010 


CY7C170-45VC 
Vl3 


CY7C170-450MB 
010 
Military 


MILITARY SPECIFICATIONS 
Group A Subgroup 
Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V,LMaX. 
1,2,3 


I", 
I, 2, 3 


Ioz 
1,2,3 


Icc 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


toHA 
7, 8, 9, 10, 11 


tACS 
7, 8, 9, 10, 11 


tOOE 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tscs 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


tso 
7, 8, 9, 10, 11 


tHO 
7, 8, 9, 10, 11 


CY7C170 


Features 


• CMOS for optimum speed/power 


• High speed 


- 
tM = IS ns 


- 
tAcs = 10 ns 


• 
Low active power 
- 
495 mW (commercial) 


- 
660 mW (military) 


• TTL-compatible 
inputs and outputs 
• Capable of withstanding 
greater than 


200IV electrostatic 
discharge 


• Output enable 
• VIH of 2.2V 


Functional 
Description 
The 
CY7C170A 
is a high-performance 


CMOS 
static 
RAM 
organized 
as 4096 
words by 4 bits. Easy memory expansion is 
~rovided by an active LOW chip select 
(CS), an active LOW output enable (OE) 
and three-state drivers. 


Writing to the device is accomplished when 
the chip select (CS) and write enable (WE) 
inputs are both LOW. Data on the four in- 
put/output 
pins (1/00 through 1103) is writ- 
ten into the memory location specified on 
the address pins (Ao through Au). 


Ao 


A, 
1/00 


A2 


A3 
110. 


A, 
110, 


As 
A<; 
110, 


Reading the device is accomplished by ta~ 
chip select (CS) and output~able 
(OE) 


LOW, while write enable 
(WE) 
remains 


HIGH. Under these conditions, the contents 
of the memory location specified on the ad- 
dress pins will appear on the four data 110 
pins. 
The I/O pins staY..i.nhigh-impedance 
state 


when chip select (CS) or ou!Q!!!enable (OE) 
is HIGH, or write enable (WE) is LOW. 


A die coat is used to insure alpha immunity. 


DIl' 
Top View 
~ 
,...- 


A. 
1 
- 
22 
Vcr; 


A!;; 2 
21 
A3 


~ 
3 
20 
A2 


A] 
4 
19 
A, 


Aa 
5 
18 
Aa 


Aa8 
17 
NC 


AIO 
7 
16 
1/00 


All 
8 
15 
1/01 
cs 
9 
14 
1/02 


DE 
10 
13 
V03 


GND 
11 
12 
WE 


C170A·2 


7C170A-15 
7C170A-20 
7C170A·25 
7C170A·35 
7C170A-45 


Maximum Access Time (ns) 
15 
20 
25 
35 
45 


Maximum O')rating 
I 
Commercial 
115 
90 
90 
90 
90 
Current (mA 


I 
Military 
120 
120 
120 
120 


Maximum Ratings 
(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 15000C 
Static Discharge Voltage 
. 


Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 
Power Applied 
- 55°C to + 125°C 
Latch-up Current 
. 


Supply Voltage to Ground Potential 
Operating Range 


(pin 22 to Pin 21) 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. . . . . . . . . . . . . . . . . . 
- O.5V to + 7.0V 


DC Input Voltage. . . . . . . . . . . . . . . . 
- 3.0V to + 7.0V 
Output Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Temperature 
Vce 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military{l} 
- 55°C to + 125°C 
5V ± 10% 


7C170A·15 
7CI70A-20, 25, 35, 45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = - 4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., 10L = 8.0 mA 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
V 


V1L 
Input LOW Voltage 
-3.0 
0.8 
-3.0 
0.8 
V 


I", 
Input Load Current 
GND~ 
VI~ 
Vee 
-10 
+10 
-10 
+10 
>LA 


loz 
Output Leakage 
GND ~ 
Vo~ 
Vee, 
-10 
+10 
-10 
+10 
>LA 


Current 
Output Disabled 


los 
Output Short 
Vee = Max., VOUT= GND 
-350 
-350 
mA 


Circuit Currentl31 


Ice 
Vee Operating Supply 
Vec = Max. 
I Com'l 
115 
90 
mA 


Current 
lOUT= 0 mA 
I Mil 
120 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C,f 
= IMHz 
10 
pF 


CoUT 
Output Capacitance 
Vcc = 5.0V 
10 
pF 


No"'s: 
1. 
TA is the "instant on" case temperature. 


2. 
See the last page of this specification 
for Group A subgroup 
testing 
information. 


3. 
Not more than 1 output 
should be shorted 
at one time. Duration 
of 


the short circuit should not exceed 30 seconds. 


4. 
Tested initially and after any design or process changes that may affect 
these parameters. 


AC Test Loads and Waveforms 


R1481!l. 


30 
PFI 
INCLUDING 


JIGAND 
_ 


SCOPE 
- 
(a) 


THEVENIN 
EQUIVALENT 


5 
PFI 


INCLUDING 
JIGANO 
_ 


SCOPE 
- 


I• 


7C170A-15 
7C170A-20 
7C170A-25 
7C170A-35 
7C170A·45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRc 
Read 
Cycle 
Time 
15 
20 
25 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
15 
20 
25 
35 
45 
ns 


IoHA 
Data 
Hold 
from 
Address 
Change 
5 
5 
5 
5 
5 
ns 


tACS 
CS LOW 
to Data 
Valid 
10 
15 
15 
25 
30 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
10 
10 
12 
15 
20 
ns 


tLZOE 
OE 
LOW 
to Low 
Z 
3 
3 
3 
3 
3 
ns 


tHWE 
OE 
HIGH 
to High 
ZI61 
8 
8 
10 
12 
15 
ns 


tLZCS 
CS LOW 
to Low 
Z171 
5 
5 
5 
5 
5 
ns 


tHZCS 
CS HIGH 
to High 
Z16,71 
8 
8 
10 
15 
15 
ns 


WRITE 
CYCLElsl 


twc 
Write 
Cycle 
Time 
15 
20 
20 
25 
40 
ns 


tses 
CS LOW 
to Write 
End 
12 
15 
20 
25 
30 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
12 
15 
20 
25 
30 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
12 
15 
15 
20 
20 
ns 


tSO 
Data 
Set-Up 
to Write 
End 
10 
10 
10 
15 
15 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
0 
0 
ns 


tHzwE 
WE 
HIGH 
to High 
Z 
7 
7 
7 
10 
15 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z 
5 
5 
5 
5 
5 
ns 


Notes: 
5. 
Test conditions assume signal transition times of 5 os or less, timing 
reference 
levels of 1.5V. input pulse levels of 0 to 3.0V and output 


loading of the specified 
IDllloH, and 30-pF load capacitance. 
6. 
tHZCEand tHzwE are tested with CL = 5pF as in part (b) of AC Test 
Loads. Transition is measured ± 500 mV from steady state voltage. 


7. 
At any given temperature 
and voltage condition, 
tHZCS is less than 


tLZCS 
for any given device. These parameters are sampled and not 


100% tested. 
8. 
The internal write time of the memory is defined by the overlap of CS 
LOW and WE LOW Both signals must be LOW to initiate a write and 


either signal can terminate 
a write by going HIGH. The data input set- 


up and hold timing should be rderencd 
to the rising edge of the signal 


that terminates the write. 
9. 
WE is HIGH for read cycle. 


10. Device is continuously 
selected, 
CS = VIL and OE = VIL. 
11. Data I/O will be high-impedance 
if OE = V1H. 


12, Address valid prior to or coincident 
with CS transition 
LOW 


13. If CS goes HIGH simultaneously 
with WE HIGH, the output remains 


in a high-impedance 
state. 


Switching 
Waveforms 


Read 
Cycle 
No. 
119,101 
--t= 
t 
AC 


",D"SS 
~ 
b. 
":::=:1. 


DATAOUT 
PREVIOUSDATAVA:5k:XXX~================D=A=T=A=V=A=L=ID================= 
*== 


CY7C170A 


Switching Waveforms 
(continued) 


Read Cycle 
No. 
2(9. II) 


-;:~:~::-;~ 
~C~1:70A:-7_ 


Write Cycle 
No. 
1(8,12J 


UwE --j . 


HIGH IMPEDANCE--(,,~~~~~~==== 


~:~:~~~:.-; 
.:...- 
~C~1~70A~-8_ 


Write Cycle 
No. 
218, 12, 13) 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


15 
CY7C170A-15PC 
P9 
Commercial 


CY7C170A-15DC 
DIO 


CY7C170A-15VC 
V13 


20 
CY7C170A-20PC 
P9 
Commercial 


CY7C170A-20DC 
DlO 


CY7C170A-20VC 
V13 


CY7C170A-20DMB 
DIO 
Military 


CY7C170A-20KMB 
K73 


25 
CY7C170A-25PC 
P9 
Commercial 


CY7C170A-25DC 
DIO 


CY7C170A-25VC 
V13 


CY7C170A-25DMB 
DIO 
Military 


CY7C170A-25KMB 
K73 


35 
CY7C170A-35PC 
P9 
Commercial 


CY7C170A-35DC 
DID 


CY7C170A-35VC 
V13 


CY7C170A-35DMB 
DlO 
Military 


CY7C170A-35KMB 
K73 


45 
CY7C170A-45PC 
P9 
Commercial 


CY7C170A-45DC 
DlO 


CY7C170A-45VC 
V13 


CY7C170A-45DMB 
DlO 
Military 


CY7C170A-45KMB 
K73 


CY7C170A 


MILITARY 
SPECIFICATIONS 


Group 
A Subgroup 
Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V,LMax. 
1,2,3 


ILX 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


toHA 
7, 8, 9, 10, 11 


tACS 
7, 8, 9, 10, 11 


tOOE 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tscs 
7, 8, 9, 10, 11 


lAW 
7, 8, 9, 10, 11 


IHA 
7, 8, 9, 10, 11 


lSA 
7,8,9, 
10, 11 


IpWE 
7, 8, 9, 10, 11 


ISD 
7, 8, 9, 10, 11 


IHD 
7, 8, 9, 10, 11 


I 


Ell 


~_.~ 
':2 CYPRESS 
iF 
SEMICONDUCTOR 


CY7C171 
CY7C172 


4096 x 4 Static R/W RAM 


Separate 
I/O 


Features 
• Automatic power-down when 


deselected 


• CMOS for optimum speed/power 


• High speed 


- 
tM = 25 ns 


• Transparent 
Write (7Cl71) 


• Low active power 
- 
385mW 


• 
Low standby power 


- 
83 mW 


• TTL-compatible 
inputs and outputs 


• Capable of withstanding 
greater than 


2001V electrostatic 
discharge 


Functional Description 
The CY7C171 and CY7Cl72 are high-per- 
formance CMOS static RAMs organized as 
4096 by 4 bits with separate 
I/O. Easy 
memory expansion is£!:2vided by an active 
LOW 
chip enable 
(CE) and three-state 
drivers. They have an automatic 
power- 


down feature, 
reducing 
the power con- 


sumption by 77% when deselected. 
Writing to the device is accomplished when 
t~chip 
enable 
(CE) and write enable 
(WE) inputs are both LOW Data on the 
four input pins (Iothrough 13)iswritten into 
the memory location specified on the ad- 
dress pins (Ao through All)' 


Reading the device is accomplished by taking 
c.!:!iQ.. 
enable (CE) LOW, while write enable 


(WE) remains HIGH. 
Under 
these condi- 


tions, the contents of the memory location 
specified on the address pins will appear on 
the four data output pins (00 
through 03), 


The output pins stay ill.!!igh-impedance state 
when write enable 
(~ 
is LOW (7Cl71 


only), or chip enable (CE) is HIGH. 


A die coat is used to insure alpha immunity. 


Pin Configurations 


DlP/SOJ 
Top View 


'" 


1 
24 
Vce 


A" 
2 
23 
A, 


I><; 
3 
22 
A, 


A, 
4 
21 
A, 


I><; 
5 
20 
A, 


I><; 
6 
7e171 
19 
I, 


A" 
7 7C172 18 
I, 


A" 
8 
17 
0, 


I, 
9 
16 
0, 


I, 
10 
15 
0, 


CE 
11 
14 
0, 


GND 
12 
13 
WE 


C171-2 


LCC 
Top View 
u 
:;:f;f<>o~~ 


4 3 2t~ 282726 


A, 
I><; 
5 
25 
p", 
6 
24 
p", 


NC 
7 
7e171 
23 
I, 


NC 
8 
7C172 
22 
NC 


A" 
9 
21 
NC 


A" 
10 
20 
I, 


" 
11 
19 
0, 
12131415161718 


~1l'J§I~O'8'o 


C171-3 


7Cl71-25 
7C171-35 
7Cl71-45 


7Cl72-25 
7Cl72-35 
7Cl72-45 


Maximum Access Time (ns) 
25 
35 
45 


Maximum 03erating 
I 
Commerical 
90 
90 
70 
Current (mA 
I 
Military 
90 
70 


CY7Cl71 
CY7Cl72 


Maximum Ratings 
(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 
> 200IV 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up CUrrent............................. 
>200 mA 


Supply Voltage to Ground Potential 
Operating Range 


(Pin 24 to Pin 12) 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. . . . . . . . . . . . . . . . . . . . . . . .. 
- O.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.OVto + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Electrical Characteristics 
Over the Operating Range(2] 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military(1] 
- 55°C to + 125°C 
5V ± 10% 


7Cl71-25 
7Cl71-35 
7C171-45 
7Cl72-25 
7Cl72-35 
7Cl72-45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min.,IoH = - 4.0 mA 
2.4 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
2.2 
2.2 
V 


VIL 
Input LOW Voltage 
- 3.0 
0.8 
- 3.0 
0.8 
- 3.0 
0.8 
V 


IIX 
Input Load Current 
GND~ 
VI~ 
Vee 
-10 
+ 10 
-10 
+10 
- 10 
+10 
IJ.A 


Ioz 
Output Leakage 
GND ~ 
Vo~ 
Vee, 
- 50 
+50 
- 50 
+50 
- 50 
+50 
IJ.A 


Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., VOUT= GND 
- 350 
- 350 
- 350 
mA 


Circuit CurrentP) 


Ice 
Vee Operating 
Vee = Max. 
Com'l 
90 
90 
70 
mA 


Supply Current 
lOUT= 0 mA 
Mil 
90 
90 
70 
mA 


ISBI 
Automatic CE 
Max. Vee, 
Com'l 
20 
20 
15 
mA 


Power-Down Current 
CE2. 
VIH 
Mil 
40 
20 
20 
mA 


ISB2 
Automatic CE 
Max. Vee, 
Com'l 
15 
15 
15 
mA 


Power-Down Current 
CE 2. Vee - 0.3V 
Mil 
40 
20 
20 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Notes: 
1. 
TA is the "instant 
on" case temperature. 


2. 
See Ihe last page of this specification 
for Group A subgroup 
testing 


information. 


3. 
Not more than 1 output should be shorted 
at one time. Duration 
of 


the short circuit should not exceed 30 seconds. 


4. 
Tested initially and after any design or process changes that may affect 
these parameters 


AC Test Loads and Waveforms 
R1481.!l 


5V 


OUTPUT 


5V 


OUTPUT 


30PFI 


INCLUDING 


JIG AND 
_ 


SCOPE 
- 
(a) 


THEVENIN EQUIVALENT 
167!1. 


5PFI 


INCLUDING 
JIG AND 
_ 
SCOPE 
- 


III 


CY7Cl71 
CY7Cl72 


7C171-25 
7CI71-35 
7CI71-45 


7CI72-25 
7C172-35 
7CI72-45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
25 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
25 
35 
45 
ns 


loHA 
Output 
Hold 
from 
Address 
Change 
3 
3 
3 
ns 


tACE 
CE 
LOW 
to Data 
Valid 
25 
35 
45 
ns 


tLZCE 
CE 
LOW 
to Low 
Zl61 
5 
5 
5 
os 


tHZCE 
CE 
HIGH 
to High 
Z[6.7) 
10 
20 
20 
os 


tpu 
CE WW to Power-Up 
0 
0 
0 
os 


tpo 
CE 
HIGH 
to Power-Down 
25 
25 
30 
os 


tRCS 
Read 
Command 
Set-up 
0 
0 
0 
os 


tRCH 
Read 
Command 
Hold 
0 
0 
0 
os 


WRITE 
CYCLEI8) 


twc 
Write 
Cycle 
Time 
25 
35 
40 
ns 


tscE 
CE WW to Write 
End 
25 
30 
35 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
20 
30 
35 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
os 


tpwE 
WE 
Pulse 
Width 
20 
25 
30 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
10 
15 
15 
os 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
3 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z!61(7Cl72) 
0 
0 
0 
ns 


tHzwE 
WE WW to High 
Z16. 71(7CI72) 
10 
5 
20 
ns 


tAWE 
WE WW to Data 
Valid (7Cl71) 
25 
30 
35 
ns 


tADY 
Data 
Valid 
to Output 
Valid 
(7Cl71) 
25 
30 
35 
ns 


Notes: 
, 


5. 
Test conditions 
assume signal transition 
times of 5 os or less, timing 
reference 
levels of 1.5V. input pulse levels of 0 to 3.0V and output 
loading of the specified IOI/IoH. and 30-pF load capacitance. 
6. 
At any given temperature 
and voltage condition, 
tHZ is less than tLZ 
for any given device. 
7. 
tHZCEand tHzwE are tested with CL = 5pF as in part (b) of AC Test 
Loads. Transition 
is measured 
± 500 mV from steady state voltage. 


Switching Waveforms 


8. 
The internal write time of the memory is defined by the overlap ofCE 
WW and WE WW Both signals must be low to initiate a write and 
either signal can terminate 
a write by going high. The data input setup 
and hold timing should be referencd 
to the rising edge of the signal 


that terminates 
the write. 
9. 
WE is HIGH 
for read cycle. 
10. Device is continuously 
selected, 
CE = V'L. 


t;-~'~ 


PREVIOUS DATA VA~; ==*xx *================D=A=TA==VA=L=I=D===========-- 


CY7Cl71 
CY7Cl72 


Switching Waveforms 


Read Cycle No. 2[9,111 
IT 


Vcc 


SUPPLY 
CURRENT 


_____________ 
,. 
I_A_W_E 
j. 
DATA UNDEFINED 
)K----------- 
C171-9 


12. lfCEgoes 
HIGH simultaneously with WEHIGlI, 
the output remains 


in a high-impedance state (7Cl72). 


NORMALIZED 
SUPPLY CURRENT 


vs. SUPPLY VOLTAGE 
1.4 


1l1.2 


J5 1.0 
o 
~ 
0.8 
:J« 
::;;a: 
~ 
0.4 


0.2 


4.5 
5.0 
5.5 


SUPPLY 
VOLTAGE 
M 


NORMALIZED 
ACCESS TIME 
vs. SUPPLY VOLTAGE 
1.4 


y, 1.3 
y,1.4 


0 
1.2 
0 
w 
w 


N 
N 
1.2 
:J 
:J 
« 1.1 
« 
::;; 
::;; 


a: 
a: 
1.0 


0 1.0 
0 
z 
z 


0.9 


0.8 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY 
VOLTAGE 
M 


TYPICAL POWER-ON 
CURRENT 
vs. SUPPLY VOLTAGE 


3.0 


/ 


--V 


o 
w 
N:J 
~ 
1.5 


a: 
~ 
1.0 


0.0 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY 
VOLTAGE M 


NORMALIZED 
SUPPLY CURRENT 
vs. AMBIENT 
TEMPERATURE 
1.2 


(, 
.2 
0.8 
0 
w 
N:J 0.6 
« 
::;;a: 0.4 
0 
Vcc = 5.0V 
Z 
V'N= 5.0V 
0.2 


0.0 
M 
~ 
~ 
1~ 


AMBIENT 
TEMPERATURE 
(0G) 


0.6 
-55 
25 
125 


AMBIENT 
TEMPERATURE 
(0G) 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT 
LOADING 
30.0 


" 
.s 20.0 
~ 
:( 
15.0 
~ 
wo 
10.0 


OUTPUT 
SOURCE 
CURRENT 


_ 
vs. OUTPUT 
VOLTAGE 


:[120 


I-z 100 
wa:a: 
::::>() 
w 
() 
a: 
::::> 
5l 
40 
~ 
Cl. 
20 
~o 
0 
0.0 
1.0 
2.0 
3.0 


OUTPUT 
VOLTAGE 
M 


OUTPUT 
SINK CURRENT 


vs. OUTPUT 
VOLTAGE 


~ 
140 


.s 120 
I-z 
~ 
100 
a:a 
80 


>£Z 
60 
iii 
~ 
Cl. 
~o 


1.0 
2.0 
3.0 


OUTPUT 
VOLTAGE 
M 


Vcc = 5.0V 
TA = 25°C 
V'N= 0.5V 


20 
30 
40 


CYCLE 
FREQUENCY 
(MHZ) 


CY7Cl71 
CY7Cl72 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


25 
CY7Cl71-25PC 
P13 
Commerical 


CY7Cl71-250C 
014 


CY7Cl71-25LC 
L64 


CY7Cl71-25VC 
V13 


35 
CY7Cl71-35PC 
P13 
Commerical 


CY7Cl71-350C 
014 


CY7Cl71-35LC 
L64 


CY7Cl71-35VC 
V13 


CY7Cl71-350MB 
014 
Military 


CY7Cl71-35LMB 
L64 


45 
CY7Cl71-45PC 
P13 
CommericaJ 


CY7C171-450C 
014 


CY7Cl71-45LC 
L64 


CY7C171-45VC 
V13 


CY7Cl71-450MB 
014 
Military 


CY7Cl71-45LMB 
L64 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOl< 
1,2,3 


VOL 
1,2,3 


VII< 
1,2,3 


V1LMax. 
1,2,3 


Ilx 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


IS81 
1,2,3 


IS82 
1,2,3 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


25 
CY7CI72-25PC 
P13 
CommericaJ 


CY7Cl72-250C 
014 


CY7CI72-25LC 
L64 


CY7Cl72-25VC 
V13 


35 
CY7Cl72-35PC 
P13 
CommericaJ 


CY7Cl72-350C 
014 


CY7Cl72-35LC 
L64 


CY7Cl72-35VC 
V13 


CY7Cl72-350MB 
014 
Mililary 


CY7Cl72-35LMB 
L64 


45 
CY7CI72-45PC 
P13 
Commerical 


CY7Cl72-45DC 
014 


CY7Cl72-45LC 
L64 


CY7Cl72-45VC 
V13 


CY7Cl72-450MB 
014 
Mililary 


CY7Cl72-45LMB 
L64 


Parameters 
Subgroups 


READ CYCLE 


IRC 
7, 8, 9, 10, 11 


lAA 
7, 8, 9, 10, 11 


toHA 
7, 8, 9, 10, 11 


lACE 
7, 8, 9, 10, 11 


IRCS 
7, 8, 9, 10, 11 


IRCI< 
7, 8, 9, 10, 11 


WRITE CYCLE 


Iwc 
7, 8, 9, 10, 11 


ISCE 
7, 8, 9, 10, 11 


lAW 
7, 8, 9, 10, 11 


lHA 
7, 8, 9, 10, 11 


lSA 
7, 8, 9, 10, 11 


IpWE 
7, 8, 9, 10, 11 


Iso 
7, 8, 9, 10, 11 


11<0 
7, 8, 9, 10, 11 


IAWE1lJ] 
7, 8, 9, 10, 11 


IAoyllJl 
7, 8, 9, 10, 11 


Note: 
13. 7e17t only. 


• 


~_.~ 
':jj CYPRESS 
F 
SEMICONDUCTOR 


CY7C171A 
CY7C172A 


4096 x 4 Static RjW RAM 
Separate I/O 


Features 


• Automatic power-down when 
deselected 


• CMOS for optimum speed/power 


• 
High speed 
- 
tM = 15 ns 


• Transparent 
write (7C17IA) 
• Low actin 
power 
- 
375mW 


• Low standby power 


- 
93mW 


• TTL-compatible 
inputs and outputs 
• Capable of withstanding 
greater than 


200lV electrostatic 
discharge 


Functional Description 
The CY7C171A and CY7CI72A are high- 
performance 
CMOS 
static RAMs 
orga- 
nized as 4096 by 4 bits with separate 110. 
Easy memory expansion isKovided 
by an 


active LOW chip enable (CE) and three- 
state drivers. They have an automatic pow- 
er-down feature, reducing the power con- 
sumption by 77% when deselected. 
Writing to the device is accomplished when 
t~chip 
enable 
(CE) and write enable 
(WE) inputs are both LOW. Data on the 
four input/output 
pins 
(10 through 
13) is 
written into the memory location specified 
on the address pins (Ao through All). 


Reading the device is accomplished by taking 
c.!!i.P..enable (CE) LOW, while write enable 
(WE) remains HIGH. 
Under these condi- 
tions the contents 
of the memory location 


specified on the address pins will appear on 
the four data output pins. 


The output pins remain in a h~impedance 
state 
when 
write 
enable 
(WE) 
is LOW 


@72A 
only), or chip enable is HIGH, or 
(0£) 
is HIGH. 


A die coat is u~ed to insure alpha immunity. 


Pin Configurations 


DIP/SOJ 
Top View 


'" 
1 
2. 
vcc 


A, 
2 
23 
A, 


A., 
3 
22 
A, 


A, • 
21 
A, 


A., 
5 
20 
"" 


"" 
6 jgg~~19 
I, 


A" 
7 
16 
I, 


A" 
6 
17 
0, 


I, 
9 
16 
0, 


00 
I, 
10 
15 
0, 


CE l' 
1. 
0, 


0, 
GND 
12 
13 
WE 


C171A-2 
0, 
LCC 


0, 
Top View 
" 
!.t~:£<>O~~ 


432,11282726 
As 
5 
•• 
25 
AI 


Ag6 
24Ao 


NC 
7 
7C171A 
23 
10 


NC 
8 
7C172A 
22 
NC 


AIO 
9 
21 
NC 


All 
10 
20 
11 


13 
1"213141516171819 
00 


7CI71A-15 
7CI71A-20 
7C171A-25 
7C171A-35 
7CI71A-45 
7Cl72A-15 
7Cl72A-20 
7Cl72A-25 
7Cl72A-35 
7Cl72A-45 


Maximum Access Time (ns) 
15 
20 
25 
35 
45 


Maximum 0serating 
I 
Commercial 
115 
80 
70 
70 
50 
Current (mA 
I 
Military 
90 
80 
70 
70 


CY7C171A 
CY7Cl72A 


Maximum 
Ratings 


(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150· °C 
Static Discharge Voltage ... 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage to Ground Potential. 
. . . . .. 
- O.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. . . . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military(l) 
- 55°C to + 125°C 
5V ± 10% 


7C171A-15 
7Cl71A-20 
7C171A-25 
7Cl72A-15 
7Cl72A-20 
7Cl72A-25 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., IOH = - 4.0 mA 
2.4 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min., IOL = 8.0 mA 
0.4 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vcc 
2.2 
Vcc 
2.2 
Vcc 
V 


VIL 
Input LOW Voltage 
-3.0 
0.8 
-3.0 
0.8 
-3.0 
0.8 
V 


II)( 
Input Load Current 
GND..::;. VI"::;' Vcc 
-10 
+10 
-10 
+ 10 
-10 
+10 
IJ.A 


Ioz 
Output Leakage 
GND..::;. Vo"::;' Vcc, 
-10 
+10 
-10 
+10 
-10 
+10 
IJ.A 
Current 
Output Disabled 


los 
Output Short 
Vcc = Max., 
-350 
-350 
-350 
mA 
Circuit Currentl31 
VOUT= GND 
Icc 
Vcc Operating Supply 
Vcc = Max. 
Com'l 
115 
80 
70 
mA 
Current 
lOUT= 0 mA 
Mil 
90 
80 
mA 
ISDl 
Automatic CE 
Max. Vcc, CE~ 
VIH 
Com'l 
40 
40 
20 
mA 


Power-Down Current 
Min. Duty Cycle = 100% 
Mil 
40 
20 


ISD2 
Automatic CE 
Max. Vcc, 
Com'l 
20 
20 
20 
mA 


Power-Down Current 
CE ~ 
VIH- 0.3¥, 


VIN~ 
Vcc - 0.3V or 
Mil 
20 
20 
VIN..::;.0.3V 


Notes: 
1. 
TA is the "instant 
on" case temperature. 
2. 
See the last page of this specificationfor Group A subgroup testing 
information. 


3. 
Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


4. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters 
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CY7Cl71A 
CY7Cl72A 


7C171A·35 
7CI71A·45 


7CI72A-35 
7CI72A-45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., IOH= - 4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min., IOL = 8.0 mA 
0.4 
0.4 
V 


V'H 
Input HIGH Voltage 
2.2 
Vcc 
2.2 
Vcc 
V 


V'L 
Input LOW Voltage 
+ 
-3.0 
0.8 
-3.0 
0.8 
V 


I,x 
Input Load Current 
GND.5.. V,.5.. Vcc 
-10 
+10 
-10 
+10 
lJ.A 


loz 
Output Leakage 
GND.5.. Vo.5.. Vcc, 
-10 
+10 
-10 
+ 10 
llA 
Current 
Output Disabled 


los 
Output Short 
Vcc = Max., 
-350 
-350 
mA 


Circuit Currenti3] 
VOUT= GND 


Ice 
Vec Operating Supply 
Vee = Max. 
Com'\ 
70 
50 
mA 


Current 
lOUT= 0 mA 
Mil 
70 
70 
mA 


ISBl 
Automatic CE 
Max. Vee, CE 2. VIII 
Com'] 
20 
20 
mA 


Power-Down Current 
Min. Duty Cycle = 100% 
Mil 
20 
20 


ISB2 
Automatic CE 
Max. Vce, 
Com'l 
20 
20 
mA 


Power-Down Current 
CE 2. VIII - 0.3V 
V'N 2. Vec - 0.3V 
Mil 
20 
20 
or V'N.5..0.3V 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C,f 
= 1 MHz, 
10 
pF 


CoUT 
Output Capacitance 
Vec = 5.0V 
10 
pF 


R1481fi 


5V~ 
OUTPUT 


30pF 
~;511. 


INCLUDiNG I 
JIG AND 
_ 
_ 


SCOPE 
- 
- 
(a) 


THEvENIN EQUIVALENT 
16711. 


5 
PFI 
INCLUDING 


JIG AND 
_ 
SCOPE 
- 
(b) 


CY7C171A 
CY7Cl72A 


7C17IA-15 
7C17IA-20 
7C17IA-25 
7C17IA-35 
7C17IA-45 
7Cl72A-15 
7Cl72A-20 
7Cl72A-25 
7Cl72A-35 
7Cl72A·45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRe 
Read 
Cycle 
Time 
15 
20 
25 
35 
45 
ns 


tM 
Address 
to Data 
Valid 
15 
20 
25 
35 
45 
ns 


!aHA 
Output 
Hold 
from 
5 
5 
5 
5 
5 
ns 
Address 
Change 


tACE 
CE WW 
to Data 
Valid 
15 
20 
25 
35 
45 
ns 


tLZCE 
CE WW 
to WW 
Z{61 
5 
5 
5 
5 
5 
ns 


tHZCE 
CE 
HIGH 
to HIGH 
Z16,7) 
8 
8 
10 
15 
15 
ns 


tpu 
CE WW 
to Power 
Up 
0 
0 
0 
0 
0 
ns 


tpo 
CE 
HIGH 
to Power 
Down 
15 
20 
20 
20 
25 
ns 


tRCS 
Read 
Command 
Set-up 
0 
0 
0 
0 
0 
ns 


tRCH 
Read 
Command 
Hold 
0 
0 
0 
0 
0 
ns 


WRITE 
CYCLEI81 


twc 
Write 
Cycle 
Time 
15 
20 
20 
25 
40 
ns 


tSCE 
CE 
WW 
to Write 
End 
12 
15 
20 
25 
30 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
12 
15 
20 
25 
30 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
0 
0 
ns 


tpWE 
WE 
Pulse 
Width 
12 
15 
15 
20 
20 
ns 


tso 
Data 
Set-Up 
to Write 
End 
10 
10 
10 
15 
15 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
0 
0 
ns 


tLZWE 
WE 
HIGH 
to Low 
Z(6) (7C172A) 
5 
5 
5 
5 
5 
ns 


tHZWE 
WE WW 
to High 
ZI6,7J(7C172A) 
7 
7 
7 
10 
15 
ns 


tAWE 
WE WW 
to Data 
Valid (7CI7lA) 
15 
20 
25 
30 
35 
ns 


tADY 
Data 
Valid 
to 
Output 
Valid 
15 
20 
25 
30 
35 
ns 
(7CI7lA) 


Notes: 
5. 
lest conditions 
assume signal transition 
times of 5 os or less, timing 


reference 
levels of I.Sv, input pulse levels of 0 to 3.0Y and output 
loading of the specified IOIIJOH and 30-pF load capacitance. 


6. 
At any given temperature 
and voltage condition, 
tHZ is less than tLZ 


for any given device. 


7. 
tHZCEand tHZWEare tested with CL = SpF as in part (b) of AC1l:st 
Loads. nansition 
is measured 
±SOOmY from steady state voltage. 


8. 
The internal write time of the memory is defined by the overlap ofCE 
WW and WE Ww. Both signals must be WW to initiate a write and 
Switching Waveforms 


Read 
Cycle 
No. 
119,1°1 


either signal can terminate 
a write by going HIGH. The data input set- 


up and hold timing should be referencd 
to the rising edge of the signal 


thattenninates 
the write. 
. 


9. 
WE is HIGH 
for read cycle. 


10. Device is continuously 
selected, 
CE = V1L. 
11. Address valid prior to or coincident 
with CE transition ww. 


12. If CE goes HIGH simultaneously 
with WE HIGH, 
the output remains 


in a high-impedance 
state (7CI72A). 


t=-~~. 


PREVIOUSOATAVA': JXX *===============O=A=TA==VA=L=IO============ 
*- 


• 
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Switching Waveforms 


Read Cycle No. 219, 
II] 


Vcc 
SUPPLY 


CURRENT 


DATA 
OUT 


(7C171A) 
D_A_T_A_U_N_D_E_F_IN_E_D 
_ 
DATA 
VALID 


CI7IA·a 


Iwc 


ISCE 


lAW 
IpWE 


ISD 


DATA-IN 
VALID 


HIGH 
IMPEDANCE 


IAWE 
* 


DATA 
VALID 


C171A-9 


DATA 
OUT 
(7C171A) 
D_A_T_A_U_N_D_E_F_IN_E_D 
•..• 


CY7C171A 
CY7Cl72A 


NORMALIZED 
SUPPLY CURRENT 


\'So SUPPLY VOLTAGE 
1.4 


Jll.2 
Jll.0 
ow 
N:J 
c( 
::;:a: 
§i) 0.4 


0.2 


0.0 


4.0 
4.5 
5.0 
5.5 


SUPPLY VOLTAGE M 


NORMALIZED 
ACCESS TIME 


\'So SUPPLY VOLTAGE 
1.4 


....•..• ......-. 
TA = 25°G) 
----- 


j 
1.3 


@ 
1.2 
N:J 
c( 
1.1 
::;: 
a: 
§i) 
1.0 


0.9 


0.8 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE M 


TYPICAL POWER-DN 
CURRENT 


\'So SUPPLY VOLTAGE 
3.0 


./ 
--"" 


~ 
2.5 


@ 
2.0 
N:J 
~ 
1.5 
a: 
§i) 
1.0 


0.5 


0.0 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY VOLTAGE M 


~ 
1.0 


Jl 0.8 
o 
w 
N:J 0.6 
c( 
::;: 
~ 
0.4 
z 
Vcc = 5.OV 
V1N = 5.0V 
0.2 


0.0 


-55 
25 
125 


AMBIENT 
TEMPERATURE 
(0G) 


j 
1.4 
ow 
N 
1.2 
:J 
c( 
::;: 
a: 
1.0 
oz 


0.6 


-55 
25 
125 


AMBIENT 
TEMPERATURE 
(0G) 


TYPICAL ACCESS TIME CHANGE 


\'S. OUTPUT 
WADING 
30.0 


(i).s 20.0 
~ 


15.0 
~ 
~ 
10.0 


OUTPUT 
SOURCE 
CURRENT 


_ 
\'So OUTPUT 
VOLTAGE 
g 120 


!z 100 
wa:a: 
;:) 
U 
wU 
a: 
;:) 
~ 
40 


~ 
20 
§ 
0 
0.0 
1.0 
2.0 
3.0 


OUTPUT VOLTAGE M 


OUTPUT 
SINK CURRENT 


\'S. OUTPUT 
VOLTAGE 


<140 
5120 
!z 
~ 
100 
a:a 
80 
~z 
60 
Cii 
~ 
<l. 
~o 


1.0 
2.0 
3.0 


OUTPUT VOLTAGE M 


Jl 
@ 
1.0 
N:J 
c( 
::;:a: 
§i) 
0.9 


Vcc = 5.0V 
TA = 25°C 
V1N = 0.5V 


20 
30 
40 


CYCLE 
FREQUENCY 
(MHz) 


CY7C171A 
CY7Cl72A 


Speed 
Package 
Operating 


(n5) 
Ordering 
Code 
l)'pe 
Range 


15 
CY7CI71A-15PC 
Pl3 
Commercial 


CY7C17lA-150C 
014 


CY7C17lA-15LC 
1..64 


CY7CI7lA-15VC 
Vl3 


20 
CY7CI7lA-20PC 
Pl3 
Commercial 


CY7CI71A-200C 
014 


CY7CI71A-20LC 
1..64 


CY7CI7lA-20VC 
Vl3 


CY7C17lA-OMB 
014 
Military 


CY7C17lA-LMB 
1..64 


CY7CI71A-KMB 
K73 


25 
CY7CI7lA-25PC 
Pl3 
Commercial 


CY7CI7lA-250C 
014 


CY7CI7lA-25LC 
1..64 


CY7C17lA-25CC 
Vl3 


CY7CI71A-250MB 
014 
Military 


CY7CI71A-25LMB 
1..64 


CY7C17lA-25KMB 
K73 


35 
CY7C171A-35PC 
Pl3 
Commercial 


CY7C17lA-350C 
014 


CY7CI71A-35LC 
1.64 


CY7CI71A-35VC 
Vl3 


CY7CI71A-350MB 
014 
Military 


CY7CI7lA-35LMB 
1..64 


CY7CI7lA-35KMB 
K73 


45 
CY7CI71A-45PC 
Pl3 
Commercial 


CY7C 171A-450C 
014 


CY7C17lA-45LC 
1..64 


CY7CI7lA-45VC 
Vl3 


CY7CI71A-450MB 
014 
Military 


CY7CI71A-45LMB 
1.64 


CY7C17 lA-45KMB 
K73 


Speed 
Package 
Operating 


(n5) 
Ordering Code 
Type 
Range 


15 
CY7CI72A-15PC 
Pl3 
Commercial 


CY7CI72A-150C 
014 


CY7CI72A-15LC 
1..64 


CY7CI72A-15VC 
Vl3 


20 
CY7CI72A-20PC 
Pl3 
Commercial 


CY7CI72A-200C 
014 


CY7CI72A-20LC 
1..64 


CY7CI72A-20VC 
Vl3 


CY7CI72A-200MB 
014 
Military 


CY7C172A-20LMB 
1..64 


CY7C172A-20KMB 
K73 


25 
CY7CI72A-25PC 
Pl3 
Commercial 


CY7CI72A-250C 
014 


CY7CI72A-25LC 
1..64 


CY7CI72A-25VC 
Vl3 


CY7CI72A-250MB 
014 
Military 


CY7CI72A-25LMB 
1..64 


CY7CI72A-25KMB 
K73 


35 
CY7CI72A-35PC 
Pl3 
Commercial 


CY7CI72A-350C 
014 


CY7CI72A-35LC 
1..64 


CY7CI72A-35VC 
Vl3 


CY7CI72A-350MB 
014 
Military 


CY7CI72A-35LMB 
1..64 


CY7CI72A-35KM13 
K73 


45 
CY7C172A-45PC 
Pl3 
Commercial 


CY7CI72A-450C 
014 


CY7CI72A-45LC 
1..64 


CY7CI72A-45VC 
VB 


CY7CI72A-45DMB 
014 
Military 


CY7CI72A-45LM13 
1..64 


CY7CI72A-45KMB 
K73 


CY7Cl71A 
CY7Cl72A 


MILITARY SPECIFICATIONS 


Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V'LMax. 
1,2,3 


IIX 
1,2,3 


Ioz 
1,2,3 


Ios 
1,2,3 


Icc 
1,2,3 


ISB1 
1,2,3 


ISBl 
1,2,3 


Parameters 
Subgroups 


READ 
CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


loHA 
7, 8, 9, 10, 11 


tACE 
7, 8, 9, 10, 11 


tRCS 
7, 8, 9, 10, 11 


tRCH 
7, 8, 9, 10, 11 


WRITE 
CYCLE 


twc 
7, 8, 9, 10, 11 


tSCE 
7,8,9,10,11 


tAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tpWE 
7, 8, 9, 10, 11 


tSD 
7, 8, 9, 10, 11 


tHD 
7, 8, 9, 10, 11 


tAWE[l3j 
7, 8, 9, 10, 11 


tADyl131 
7, 8, 9, 10, 11 


Note: 
13. 7Cl71A only. 


Document I: 38-00104-B 
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Features 


• 32K by 9 common I/O 
• BiCMOS for optimum speed/power 
• 
14-ns access delay (clock to output) 
• Two-bit wraparound 
counter support- 
ing the 486 burst sequence (7B173) 
• Two-bit wraparound 
counter support- 


ing the linear burst sequence (7B174) 
• Separate 
address strobes from pro- 


cessor and from cache controller 


• Synchronous 
self-timed write 
• 
Direct interface with tbe processor 
and external cacbe controller 


• Two complementary 
synchronous 
chip selects 


• Asynchronous 
output enable 
• 44-pin PLCC and LCC 
Functional Description 


The CY7B173 and CY7B174 are 32K by 9 
synchronous cache RAMs designed to in- 
terface 
with high-speed 
microprocessors 


with minimum glue logic. Maximum access 
delay from clock rise is 14 ns. A 2-bit on- 
chip counter captures the first address in a 
burst and increments the address automati- 
cally for the rest of the burst access. 
The 
CY7B173 
is 
designed 
for 
Intel 


i486-based systems; its counter follows the 
burst sequence of the i486. The CY7B174 


32Kx9 
RAM 
CORE 


32,768 X 9 Synchronous 


Cache R/W RAM 


is architected for other processors with linear 
burst sequences. Burst accesses can be initi- 
ated 
with 
the 
processor 
address 
strobe 


(ADSP) 
or 
the 
cache 
controller 
address 


strobe 
(ADSe) 
inputs. 
Address 
advance- 


ment is controlled by the address advance- 
ment (ADY) input. 


A synchronous self-timed write mechanism 
is provided to simplify the write interface. 
Two complementary 
synchronous chip select 


inputs are provided to support two banks of 
memory (256 Kbytes) with no external logic. 
These 
signals, 
in 
conjunctio'!...-with 
the 


asynchronous 
output 
enable 
(OE) 
signal, 


greatly simplify memory bank selection. 


6 
5 
4 
3 
2 ~1~44 43 42 41 40 


7 
39 


8 
38 


9 
37 


10 
36 


11 
35 


12 
7B173 
34 
7B174 


13 
33 


14 
32 


: 


15 
31 


16 
30 


I 
17 
29 


181920 
2122 
23 24 25 26 27 28 


7B173-14 
7B173-18 
7BI73-21 


7B174-14 
7B174 18 
7B174 21 


Maximum Access Time (ns) 
14 
18 
21 


Maximum Operating Current (mA) 
250 
250 
250 


CY7B173 
CY7B174 


Functional 
Description 
(continucd) 


Single Write Accesses Intitiated 
by ADSI' 


This acocss is initiated whe!!..Qlcfollowing conditions are satisfied at 
clock rise: (I) CSo = I and CSI = 0 and (2) ADSP is WW ADSP- 
triggered write cyclesare complcted in two clockperiods. The address 
at Ao through AI4 is loaded into the address advancement logic and 
dclivered to thc RAM core. The write signal is ignored in this cycle 
because the cachc tag or other external logic use this clock period to 
perform address comparisons or protection checks. If the write is al- 
lowed to proceed, the write input to the CY7BI73 and CY7B174will 
be pulled WW before thc ncxt clock rise. 


If WE is WW at the next clock rise, information presented at Do 
through DB will be stored into the location specified by the address 
advancement logic. Becausc theCY7BI73 
and CY7BI74 are com- 


mon I/O devices, the output enable signal (OE) must be deas- 
serted before data from the CPU is delivered to Do through 
DB' 


As a safety precaution, 
the data lines (Do through DB) are three- 


stated in th~c1e 
where WE is sampled WW, regardless of the 


state of the OE input. 


Single Write Accesses Intitiated 
by ADSC 


This write access is initiated when thc following conditions are sa- 
tisfied at rising edge of the clock: (I) CSo = I and CSt = 0, (2) 
ADSC is Ww, and (3) WE is WW ADSC trigger accesses are 
completed in a single clock cycle. 


The address at Ao through Ai4 is loaded into the address advance- 
ment logic and delivered to the RAM core. Information 
presen- 


eted at Do through DB will be stored into the location specified by 
the address advancement logic. Since the CY7BI73 and CY7BI74 
are common I/O devices, the output enable signal (OE) must be 
deasserted before data from the cache controllcr is delivered to Do 
through DB' As a safety precaution, 
the data lines (Do through 


DB) are three-stated 
in the c~ 
where WE is sampled LOW re- 


gardless of the state of the OE input. 


Single Read Accesses 


A single read access is initiated when ~e 
following conditions are 


satisfied at clock rise: (I)CSo = landCS, 
= 0,(2)ADSPorADSC 


is WW, and (3) WE is HIGH. The address at Ao through AI4 is 


CLK 


ADA 


DATA 


ADSI 


MATCH 


D<RTY 
VALID 


stored into the address advancement 
logic and delivered to the 
RAM core. If the output enable (OE) signal is asserted (WW), 
data will be available at Do through 
DB a maximum of 14 ns after 
clock rise. 


Burst 
Sequences 


The CY7B173 provides a two-bit wraparound counter implement- 
ing the Intel 80486 scquence (see Table 1). Note that the burst se- 
quence depends on the location of the first burst address. 


First 
Second 
Third 
Fourth 


Address 
Address 
Address 
Address 


AX+1 
Ax 
Ax + I 
Ax 
Ax+ I 
Ax 
AX+1 
Ax 


0 
0 
0 
1 
1 
0 
1 
1 


0 
1 
0 
0 
1 
1 
1 
0 


1 
0 
1 
1 
0 
0 
0 
1 


1 
1 
1 
0 
0 
1 
0 
0 


The CY7B174 provides a two-bit wraparound counter implement- 
ing a linear sequence (see Table 2). 


First 
Second 
Third 
Fourth 


Address 
Address 
Address 
Address 


Ax+ I 
Ax 
Ax +' 
Ax 
Ax+ I 
Ax 
Ax+ I 
Ax 


0 
0 
0 
1 
1 
0 
1 
1 


0 
1 
1 
0 
1 
1 
0 
0 
1 
0 
1 
1 
0 
0 
0 
1 


1 
1 
0 
0 
0 
1 
1 
0 


Application 
Example 


Figure 1 shows a 128-Kbyte secondary cache for the i486 using four 
CY7B173 cache RAMs and a CY7BI81 cache tag. Address from 
the i486 ischecked by the cache tag at the beginning of each access. 
Match reset is delivered to the cache controller after 12 ns. 


CLK 


AOO 


DATA 


ADSP 


MATCH 
DIRTY 
VALID 
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CY7B173 
CY7B174 


Signal Name 
I/O 
Description 


Ao -A14 
I 
Address Inputs 


CLK 
I 
Clock 
. 


WE 
I 
Write Enable 
. 


OE 
I 
Output Enable 


CSo, CS1 
I 
Chip Select 


ADV 
I 
Address Advance 


ADSP 
I 
Processor Address Strobe 


ADSC 
I 
Cache Controller Address Strobe 


Do - 0_ 
I/O 
Data I/O 


Vcc 
- 
+ 5V Power Supply 


Vss 
- 
Ground 


VCCQ 
- 
Output Buffer (Driver) Power Supply 


VSSQ 
- 
Output Buffer (Driver) Ground 


RESV 
- 
Reserved 


Input Signals 


CLK 
Clock signal used as the reference for most on-chip operations. 


ADSP 
Address strobe signal from the processor: 
ADSP is asserted when the processor address is valid. If ADSP is LOW at 


clock rise, the address at Ao through AI4 will be loaded into the address register and the address advancement 
logic. 


The write signal. WE, is ignored in the clock cycle where ADSP is asserted. If both ADSP or ADSC are active at clock 
rise, only ADSP will be recognized. 


ADSC 
Address strobe signal from the cache controller: ADSC is asserted when a new address generated by the cache control- 
ler is ready to be strobed into the CY7B173/4. The write signal, WE, is recognized in the clock cycle where ADSC is 
asserted. If both ADSP and ADSC are active at clock rise, only ADSP will be recognized. 


Ao - AI4 
Address lines: These address inputs are loaded into the address register and the address advancement 
logic at clock 
rise if ADSP or ADSC is LOW. They are used to select one of the 32K locations. 


WE 
Write Enable: 
This signal is sampled at the rising edge of the clock signal. If WE = 0, a self-timed write operation 


will be initiated and data on Do - 0_ will be stored into the selected memory location. The only exception occurs if 
both ADSP and WE are LOW at clock rise. In this case, the write signal is ignored. 


ADV 
Address Advance input: ADV is sampled at the rising edge of the clock. In the case of the CY7B173, LOW at this 
input will advance the address in the advancement logic according to the Intel 80486 burst sequence. In the case of the 
CY7B174, the addresses will be advanced linearly. This input is ignored if ADSP or ADSC is active (LOW). 


CSo - CSt 
Chip Select inputs: CSois active HIGH and CSdBlctive 
LOW. Both inputs are sampled at clock rise if ADSP or ADSC 
is LOW. The RAM is selected if CSo = 1 and CS1 = O. 


OE 
Output Enable - OE is an asynchronous signal that disables all output drivers (Do- 0_) when it is deasserted. OE should 
be deasserted during write cycles because the CY7B173,/4 is a common I/O device and three-state conOict may occur 
at the data pins. 


RESV 
Reserved: 
RESV must be tied to ground. 


Bidirectional 
Signals 


Do - 0_ 
Data I/O lines: During a read cycle, if OE is asserted, data in the selected location will appear at these pins. Dur!.!lg 
a write cycle, data presented at these pins is captured at clock rise and stored into the selected RAM location if WE 
is LOW. All nine outputs will be placed in a three-state 
condition when OE is deasserted, when the RAM is deselected 


via the chip select inputs, or during a write cycle. 


~ 
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Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65°Cto 
+ 150°C 
Static Discharge Voltage 
>2001V 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current. 
. . . . . . . . . . . . . . . . . . . . . . . . . . .. 
> 200 mA 


Supply Voltage on Vcc Relative to GND 
.. 
- 0.5V to + ?OV 
Operating Range 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to Vcc + 0.5V 


DC Input Voltagel!] 
- O.5V to Vcc + 0.5V 


Current into Outputs (LOW) 
20 mA 


CY7B173 
CY7B174 


Ambient 
Range 
Temperature(2) 
Vcc 


Commercial 
O°C to + ?O°C 
5V ± 10% 


7B173-14 
7BI73-18, 
21 
7B174-14 
7BI74-18, 
21 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., 10H = - 4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., 10L = 8.0 mA 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.0 
Vee 
2.0 
Vee 
V 


V1L 
Input LOW Voltagel1] 
-{).5 
0.8 
-{).5 
0.8 
V 


IJX 
Input Load Current 
GND.:5.. V1.:5.. Vee 
-10 
+10 
-10 
+10 
~ 
loz 
Output Leakage 
GND.:5.. V1.:5..Vee, 
-100 
+100 
-100 
+100 
~A 


Current 
Output Disabled 


los 
Output Short 
Vee = Max., VOUT= GND 
-300 
-300 
mA 


Circuit Current[3] 


Ice 
Vee Operating 
Vee = Max. ,lOUT = 0 mA, 
I Com'l 
250 
250 
mA 
Supply Current 
f = fMAl(= litRe 
I Mil 
300 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 


CoUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Notes: 
1. 
V1L (min.) = - 1.5V for pulse durations 
of less than 20 ns. 
2. 
TA is the "instant 
on" case temperature. 
3. 
Not more than 1 output 
should be shorted at one time. Duration 
of 
the short circuit should not exceed 30 seconds. 


4. 
1l:sted initially and after any design or process changes that may affect 
these parameters. 


AC Test Loads and Waveforms 
R148'.{l. 


5V 


OUTPUT 


5V 


OUTPUT 


50 


PFI 
INCLUDING 
JIGANO 
_ 


SCOPE 
- 
(a) 


THEvENIN EOUIVALENT 


'67.(1... 


5 
PFI 
INCLUDING 


JIG AND 
_ 


SCOPE 
- 
(b) 


30V~ 
90% 
10% 
GND 


..s..3 ns 
~ 


'0% 


,.s.3 ns 


7B173-14 
7B173-18 
7B173-21 


7B174-14 
7B174-18 
7B173-21 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


leyc 
Clock Cycle Time 
20 
25 
30 
ns 


fMAX 
Maximum Frequency 
50 
40 
33 
MHz 


leH 
Clock HIGH 
8 
10 
12 
ns 


leL 
Clock LOW 
8 
10 
12 
ns 


tAS 
Address Set-Up Before CLK Rise 
3 
4 
5 
ns 


tAH 
Address Hold After CLK Rise 
2 
3 
4 
ns 


leov 
Data Output Valid After CLK Rise 
14 
18 
21 
ns 


tOOH 
Data Output Hold After CLK Rise 
3 
3 
3 
ns 


tAos 
ADSP, ADSC Set-Up Eefore CLK Rise 
3 
4 
5 
ns 


tAOH 
ADSP, ADSC Hold After CLK Rise 
2 
3 
4 
ns 


twES 
WE Set-Up Before CLK Rise 
3 
4 
5 
ns 


tWEH 
WE Hold After CLK Rise 
2 
3 
4 
ns 


tAOVS 
ADV Set-Up 
Before CLK Rise 
3 
4 
5 
ns 


lADVH 
ADV Hold After CLK Rise 
2 
3 
4 
ns 


tos 
Data Input Set-Up Eefore CLK Rise 
3 
4 
5 
ns 


tOH 
Data Input Hold After CLK Rise 
2 
3 
4 
ns 


less 
Chip Select Set-Up 
3 
4 
5 
ns 


leSH 
Chip Select Hold After CLK Rise 
2 
3 
4 
ns 


lesoz 
Chip Select Sampled to Output High Zl6J 
7 
9 
11 
ns 


lesov 
Chip Select Sampled to Output Valid 
7 
9 
11 
ns 


tEOZ 
OE HIGH to Output High ZI6J 
7 
9 
11 
ns 


tEov 
OE LOW to Output Valid 
7 
9 
11 
ns 


tWEOZ 
WE Sampled LOW to Output High ZI6J 
7 
9 
11 
ns 


twEOV 
WE Sampled HIGH to Output Valid 
7 
9 
11 
ns 


Notes: 
5. 
Test conditions 
assume signal transition time of 3 os or less, timing ref- 


erence levelsof 1.5V.input pulse levelsof 0 to 3.0V.and output load- 
ing of the specified IodIoH and 50-pF load capacitance. 


6. 
tcsoz. tEOZ.and tWEOZare specifiedwitha load capacitanceof 5 pF 
asin part (b)ofACTest Loads.Transitionismeasured ± 500mV from 
steadystate voltage. 


CY7B173 
CY7B174 


Switching Waveforms 


Single Read 
• 


CY7B173 
CY7B174 


CY7B173 
CY7B174 


Switching Waveforms 
(continued) 


Cache Controller 
Burst Write Sequence with Four Accesses Followed by a Single Read Cycle 


ClK 


CHIP 
SELECTS 


ADDRESS 


AOOC 


tADVS 


ADV 


WE 


DATA IN 


DE 


DATA OUT 


om:_><X_XXX__ F~~ t-~ 
=f 
_ 


\• 
\ 


CY7B173 
CY7B174 


Switching Waveforms 
(continued) 


Output 
Timing 
(Controlled 
by CS) 


Speed 
Package 
Operating 
(ns) 
Ordering 
Code 
Type 
Range 


14 
CY7B173-14JC 
J67 
Commercial 


CY7B173-14LC 
1.67 


18 
CY7B173-18JC 
J67 
Commercial 


CY7B173-18LC 
1.67 


21 
CY7BI73-2IJC 
J67 
Commercial 


CY7B173-21LC 
1.67 


Speed 
Package 
Operating 
(ns) 
Ordering 
Code 
Type 
Range 


14 
CY7B174--14JC 
J67 
Commercial 


CY7B174--14LC 
1.67 


18 
CY7B174--18JC 
J67 
Commercial 


CY7B174--18LC 
1.67 


21 
CY7BI74--2IJC 
J67 
Commercial 


CY7B174--21LC 
1.67 
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• 
4K x 18 tag organization 


• 
Can be used as 4K x 18 SRAM 


• 
BiCMOS for optimum speed/power 


• 
High speed 
- 
12-ns matcb delay 


- 
15-ns tag SRAM access 


• 
Selectable clock and latch modes 


• 
Input address and data latches 


• 
Supports 
multiprocessing 
(7HI80) 


witb two cache status bits per entry 


• 
Supports dirty and valid bits (7HI81) 


• 
Dirty-bit set on write hit (7HI81) 


• 
1Wo-cycle tag invalidation 
(7HI81) 


• 
Match qualified by valid bit (7HI81) 


• 
Write output to cache RAM asserted 
during write hit 


• 
Cascadeable 
- 
up to four cache tags 


4Kx 
16 TAG 


lWR 


SWR 


CY7B180 
CY7B181 


Functional 
Description 


The CY7B180 and CY7B181 are high-per- 
formance BiCMOS cache tag RAMs orga- 
nized as 4096 words by 18 bits. Each word 
contains a Hi-bit address tag field and a 
2-bit status field. Because the CY7BI80 is 
optimized for multiprocessor applications 
where cache coherency is important, 
the 
two status bits are unassigned and can be 
used to store multiprocessing cache status 
information. 
Uniprocessor 
applications 
implementing write-through or copy-back 
cache policies are best supported 
by the 
CY7B181. The two status bits are assigned 
as the valid bit and the dirty bit. To simplify 
the cache controller logic, the dirty bit is 
set automatically during a write hit. The 
tag field and the status field can be loaded 
separately via a dedicated 110 data port. 


The twelve address lines select one of the 
4096 words in the tag RAM. The Iii-bit tag 
address is matched against data presented 
at 
the 
Compare 
Data 
inputs. 
In 
the 
CY7B181, the match output is qualified by 
the valid bit of the chosen word. Match is 
asserted only if the comparison is success- 


4K X 18 Cache Tag 


ful and the valid bit is set. The contents of 
the tag and status fields in the selected 
entry are available to external logic as di- 
rect output pins. 


In many cache systems, generating 
the 


write signal to the cache RAMs is a time- 
consuming process because the write sig- 
nal must be qualified with the match signal 
from 
the 
cache 
tag. 
The 
CY7B180/ 


CY7B181 incorporates 
this function on- 
chip by asserting the write output (WO) 
whenever a write hit is detected. 


Tag invalidation 
in the CY7B181 is con- 


trolled by the INVAL input. Holding this 
input low for two consecutive cycles will in- 
validate the entire tag RAM. Individual 
entries can be invalidated by writing a zero 
into the valid bit of that entry. 


With a match delay of U ns and selectable 
clock or latch mode, the CY7B180 and 
CY7B181 can be used with all major high- 
speed microprocessors 
currently offered. 


The 
15-ns address access of these parts 


also allows them to be used as 4K by 18 
cache data RAMs. 


4Kx16TAG 


lWR 


SWR 


00 


• 


CY7B180 
CY7B181 


9 8 
7 
6 
5 4 
3 
2 
168 
6766 65 64 63 62 61 
A, 
10 
60 
D, 


Ao 
11 
59 
D, 
,.. 
12 
58 
D. 


A" 
13 
57 
D, 


A" 
14 
66 
0" 
Co" 
15 
55 
D, 


CD, 
16 
54 
DIRTY/S, 


CD, 
17 
53 
MATCH 
Co, 
18 
52 
V", 


CD, 
19 
51 
V", 


CD, 
20 
50 
WO 


Co" 
21 
49 
VAUD/So 


Co, 
22 
48 
D, 


CDs 
23 
47 
D, 


COg 
24 
48 
D" 


COIO 
25 
45 
D" 


COlI 
26 
44 
D" 
V~~~~UU~.~D~~~~aa 


t'\lC") 
Vll'IWW 
tI[cnCIJ81OCIa:1W 
ll'IVM 
~ 
8180-3 
----::2DI~f-'" 
1:"0--- 
88g8 
5~~ 
» 
tI) 
000> 


PGA 
Top View 


51 
50 
48 
46 
44 
42 
40 
~ 
~ 


COl2 
C013 
CO,~ MODE 
TS 
Vco 
SWR 
D" 
D" 


53 
52 
49 
47 
45 
43 
41 
39 
37 
35 
~ 


COIO 
COil 
CO,. 
~LKIlE 
INVAL" 
V", 
'iWR 
DE 
D•• 
V", 
D" 


55 
54 
32 
33 


CDs 
COg 
D" 
D" 


57 
58 
~ 
31 
CD, 
CD, 
D, 
D, 


59 
58 
28 
29 


CD, 
CD, 
WO 
VA';ID/ 


61 
60 
CY7Cl80/1 
26 
27 


CD, 
Co, 
CPGA 
Vss 
Vss 


63 
62 
24 
25 


Co" 
CD, 
DI~TY/ MATCH 


65 
64 
22 
23 


A" 
A" 
0" 
D, 


67 
66 
20 
21 
Ao 
,.. 
D. 
D, 


68 
137 
139 
141 
143 
145 
147 
149 
151 
18 
19 
A, 
,.. 
•.. 
A, 
,.. 
Vss 
CS, 
es. 
Do 
D, 
D, 


138 
140 
142 
144 
146 
148 
150 
152 
17 
A, 
A3 
A, 
Vcc 
CS, 
CS, 
Vcc 
D, 
V", 


7B18().12 
7B18().l5 
7B180-20 


7B181-12 
7B181-15 
7B181-20 


Access Time (ns) 
12 
15 
20 


Maximum Operating 
Current (mA) 
250 
250 
250 


CY7B180 
CY7B181 


Functional 
Description 
(continued) 


Clock Mode 


The CLOCK mode is selected when the MODE input is LOW 
The address, compare data, ehip select, and tag select are sampled 
at the rising edge ofCLK. Write data issampled on the falling edge 
of CLK. The tag write and status write inputs are different in that 
they are level sampled by CLK. If CLK is HIGH, the input latches 
associated with the tag write and status write inputs are transpar- 
ent, and these inputs are allowed to ripple into the 7BlB017B181. 
These inputs are latched when CLK goes WW 


Latch Mode 


The lATCH 
mode is selected when the MODE input is HIGH. 


All inputs are level sampled by LE. If LE is high, the input latches 
are transparent 
and the inputs are allowed to ripple into the 


7D18017B181.When LE goes Law, 
the inputs are latched and are 


no longer sampled. 


Tag Storage 


The 7B18017B181 provides 4096 cache tag entries. Each 7B181 
entry contains a 16-bit cache tag address, a valid (V) bit, and a dirty 
(D) bit. The same two bits in the 7B180 are generic status bits, and 
their meanings must be interpreted and controlled by the external 
processor. 


On the ?B181, the valid bit specifics the validity of the tag entry. 
A match is detected only when the 16-bit tag of the sclected entry 
matches the 16 compare inputs and the valid bit is set. The dirty 
bit on the ?B181 indicates whether the cache line associated with 
the tag entry has been modified and its value is available to external 
logic as the DIRTY output. The D bit in a seleeted entry on the 
7C181 is set if the current access is a write and a hit is detected. The 
valid bit in theseleeted 
entry is also available as the YAUD output 


so that externallogie 
can determine 
the cause of a miss: 


• 
If the Y bit is HIGH, then the miss is caused by tag mis- 
match. 


• 
If the Y bit is LOW, then the miss is caused by either a tag 
mismatch or an invalid, or both. 


The cache tag entry format is shown in Figure 1. 


Tag Compare 


A tag compare cycle is initiated if tag select (TS) is HIGH. TS is 
sampled at the rising edge of CLK (in the clock mode) or captured 
by the positive level ofLE 
(in the latch mode). Once a tag entry 


is selected by Ao through All, its 16-bit tag address is compared 
against COo through CD,s. The compare result is delivered to the 
match logic. 


The match output of the CY7D180 is driven HIGH if thc compare 
is successful. For the CY7B181, the compare rcsult is qualified by 


_______ 
Ta_9_Ad_d_'_e_ss_-_16_b_its 
~ttl78180 


_______ 
Ta_9_A_dd_'_e_ss_-_16_b_ils 
--'rn 78181 


the state of the valid (V) bit in the selected entry. MATCH is driven 
HIGH only when the compare is successful and the valid bit is set. 


In addition, the write output (WO) of the CY7BI80/CY7D181 
is 


asserted whenever a match is detected in a CPU write cycle (TS 
= 1and TWR = 0). In some applications, this signal may be con- 
nectcd directly to the write input of the cache RAM. 


Tag Access 
• 
The tag access cycle is initiated by asserting the tag select (fS) in- 
put. Reading and writing is controlled by the tag write (TWR) and 
status write (SWR) inputs. In both clock and latch modes, the state 
of TWR and SWR are captur~ 
the positive level of the CLK/ 


LE input. The MATCH and WO outputs remain HIGH during 
tag access cycles. 


If TWR is HIGH, the tag address of the selected entry is driven 
onto data lines Do through 
D,s provided output enable (OE) is 


LOW For the CY7B1BO, the state of the two generic status bits are 
available at the So and S, outputs 
if SWR is HIGH. 
For the 


CY7B181, the valid and dirty bits of the chosen entry are dirven 
onto the valid and dirty outputs. 


Cha~ 
the tag content is accomplished by asserting the TWR 
and SWR inputs. TWR controls the loading of the tag address field 
while SWR controls the loading of the status field (So, S, in the 
CY7B180, 
valid 
and 
dirty 
in 
the 
CY7B1m 
Because 
the 


CY7D180/CY7BI81 are common 110 dcvices, OE must be driven 
HIGH before data is placed on the data inputs and the status in- 
puts. 
Cascade 
Operation 


Up to four CY7D18017D181scan be uscd in a system by connecting 
appropriate address lines to the four chip select inputs. A cache tag 
is selected only if CSo = CS, = 0 and CS2 = CS, = 1. Once se- 
lected, the CY7BI80/CY7B181 will either execute a tag compari- 
son cycle or a tag access cycle (depending on the state of the TS 
input). Ifa cache tag is de-selected, it disables the comparison logic 
and three-states 
match, valid, dirty, and 0IS through Do outputs. 


The four chip selects are sampled at the positive edge of CLK (in 
clock mode) or sampled by the positive level ofLE (in latch mode). 
By connecting the chip selects to the appropriate 
address bits or 


logic levels (see the following table), four cache tags can be cas- 
caded with no external logic. 
Pin Descriptions 


The cache tag RAM is packaged in a 68-pin PGA, PLeC, 
and 


Lee. The following sections are brief descriptions of the pin func- 
tions: 


Supplies 


YCC-3 
pins, connected to the + 5Y power supply. 


GND-6 
pins, connected to ground. 


Input Signals 


All - An-Address 
from the processor, 12 pins. These inputs are 


registered/latched 
and are controlled 
by CLK/LE. 
In the clock 


mode, the register is positive-edge triggered. In the lATCH 
mode, 


the latch is positive-level triggered. While in lATCH 
mode, if the 


LE input is HIGH, the latch is transparent 
and the addresses are 
allowed to ripple into the 7BlBOI7B 181to start a new access. These 
12 address inputs are used to select one of the 4096 cache tag en- 
tries. 


MODE-Mode 
select, 1 pin. The clock mode is selected if mode 
is WW 
and the lATCH 
mode is selected if mode is HIGH. 


CY7B180 
CY7B181 


Tag 1 
Tag 2 


CSJ 
CS2 
CSt 
CS. 
CSJ 
CS2 
CSt 
CS. 


H 
H 
Adr 
Adr 
H 
Adr 
L 
Adr 
X+l 
X 
X 
X+l 


Tag 3 
Tag 4 


CSJ 
CS2 
CSt 
CS. 
CSJ 
CS2 
CSt 
CS. 


H 
Adr 
L 
Adr 
Adr 
Adr 
L 
L 
X+l 
X 
X+l 
X 


Thg 1 is selected when Adr X+ 1, Adr X ; LL 
Thg 2 is selectedwhen Adr X+ 1, Adr X ; LH 
Thg 3 is selectedwhen Adr X+ 1, Adr X ; HL 
Thg 4 is selected when Adr X+ 1, Adr X ; HH 
Pin Summary 


# of 
Signal 
Dir. 
Pins 
Description 


Vcc 
3 
+5V 


GND 
6 
Ground 


All- 
Ao 
I 
12 
Tag Address 


CLK/LE 
I 
1 
Clock/Latch 


MODE 
I 
1 
Mode Select 


CD1s- COo 
I 
16 
Compare Data 


CS1- CSo 
I 
2 
Chip Selects 1 & 0 


CSJ- CS2 
I 
2 
Chip Selects 3 & 2 


TS 
I 
1 
Tag Select 


TWR 
I 
1 
Tag Write Signal 


SWR 
I 
1 
Status Write Signal 


lNVAL 
I 
1 
Tag 
Invalidate 
(7Bl81 
only) 


MATCH 
a 
1 
Cache Match 


WO 
a 
1 
Cache Write Match 


VALID/So 
I/O 
1 
Valid/Status Bit 0 


DIRTY/S, 
I/O 
1 
Dirty/Status Bit 1 


0,,- Do 
I/O 
16 
Processor Data 


OE 
I 
1 
Output Enable 


Pin Descriptions 
(continued) 


CLK/LE-Clock/Latch 
input, 1 pin. This input controls all input 


registers and latches. 


CD •• - CO.-Compare 
data, 16pins. These inputs are registered/ 


latched by CLK/LE. In the clock mode, the register is positive- 
edge triggered. In the latch mode, the latch is positive-level trig- 
gered. While in the latch mode, if the LE input is HIGH, the latch 
is transparent 
and the compare data is allowed to ripple into the 
7B180/7B181 to the comparison 
logic. The contents of the com- 
pare registerllatch are compared with the 16-bit tag address in the 
selected tag entry. 


CSo- CS.-Chip 
select 0-1, active LOW, 2 pins. These inputs are 
registered/latched 
by CLK/LE. In the clock mode, the register is 


positive-edge triggered. In the LATCH mode, the latch is positive- 
level triggered. While in the LATCH 
mode, if thc LE input is 


HIGH, the latch is transparent 
and the c~ 
select inputs are al- 


lowed to ripple into the 7Bl80/7BI81. 
If CSt. CSo are LOW and 


CS2, CSJ are HIGH, the comparison logic and output drivers are 
enabled, otherwise, the comparison logic will be disabled and all 
output drivers will be three-stated. 


CS2, CSJ-Chip 
select 2-3, active HIGH, 2 pins. These inputs are 


registered/latched 
CLK/LE. In the clock mode, the register isposi- 
tive-edge triggered. In the latch mode, the latch is positive-level 
triggered. While in the latch mode, if the LE input is HIGH, the 
latch is transparent 
and the chip select inputs are allowed to ripple 


into the 7BI80/7BI81. 
If CS2, CSJ are HIGH 
and CSt. CSo are 


Law, 
the comparison 
logic wand output 
drivers are enabled, 


otherwise, the comparison 
logic will be disabled and all output 


drivers will be three-stated. 


TS- Tag select, active LOW, 1pin. This input is registeredllatched 
by CLK/LE. In the clock mode, the register is positive-edge trig- 
gered. In the latch mode, the latch is positive-level triggered. Whilc 
in the latch mode, if LE is HIGH, the latch is transparent 
and the 


TS is allowed to ripple into the 7Bl80/7BI81. IfTS is LOW, exter- 
nallogic is allowed to modify (read or write) the tag entries. If TS 
is HIGH, the tag entries are available only for address compari- 
sons. 
TWR- Tag write indicator, 
active LOW, 1 pin. This input is 


latched and is controlled by CLK/LE. In both the clock and latch 
modes, the latch is positive-level ~red. 
While CLK/LE 
is 


HIGH, the latch is transparent 
and TWR is allowed to ripple into 


the 7BI80/7BI81. TWR is handled according to the access mode: 
tag access mode or tag compare mode. In the tag access mode (TS 
; 0), TWR controls the access direction of the tag: a HIGH indi- 
cates a read while a LOW indicates a write. Assertion ofTWR will 
store data on D,s through Do into the 16-b!!..iag address field of 
the selected entry. In the tag compare mode(TS 
; 
l)ofthe 
7B181, 


TWR determines 
the selling of the dirty bit in the selected tag 
entry; the 0 bit is set if a tag match is detected and TWR is Law. 
The TWR input of the CY7B180 is ignored in the tag compare 
mode; the status bits So and SI are not modified. 
SWR-Status 
write indicator, 
active LOW, 1 pin. This input is 


latched by CLK/LE. In both the clock and latch modes, the latch 
is positive-level triggered. While CLK/LE is HIGH, 
the latch is 


transparent 
and 
TWR 
is 
allowed 
to 
ripple 
into 
the 


CY7I3180/CY7BI81. 
SWR is handled 
according 
to the access 


mode: ~ 
access mode or tag compare 
mode. In the tag access 


mode (TS ; 
0), SWR controls the access direction of the status 


bits in the selected tag: a HIGH indicates a read while a LOW indi- 
cates a write. Assertion ofSWR will store the data presented at the 
status inputs into the status bits of the selected entry. In the tag 
compare mode (TS ; 
1), the state of SWR is ignored. 


INVAL- Tag invalidate input, active LOW, 1pin. This input is only 
available in the CY7BI81. It is registered, 
and is controlled 
by 


CLK/LE. 
The register is positive-edge 
triggered. 
Assertion 
of 


INVAL overrides all other operations and clears all of the valid bits 
in the tag storage. The CY7B181 does not have to be selected to 
do an invalidation. An invalidation 
requires two cycles to com- 


plete; therefore, 
the lNVAL input must be held for two rising 


edges of the CLK or LE ~al. 
If the INVAL input is asserted, 


MATCH is forced LOW, WO is forced HIGH, VALID is forced 
LOW, DIRTY goes to an unknown state, and the data outputs (Do 
through D1s) go to an unknown state. The INVAL input must be 
asserted during powcr-up to ensure that all of the valid bits in the 
tag are cleared. 


CY7B180 
CY7B181 


OE-Output 
enable, 1 pin. When OE is HIGH, all outputs except 
match will be placed in a three-state condition. This pin must be 
asserted before the beginning of a tag write cycle to allow the exter- 
nal processor to drive data into the 7B18017I3l81. 


Output Signals 


MATCH-Cache 
match signal, active HIGH, one pin. A HIGH 


at this pin indicates a cache hit while a LOW indicates a cache miss. 
This output is HIGH during all tag access cycles (TS = 0), cxcept 
on the 7B181 when the INVAL input is asserted. If the INVAL in- 
put on the 7B181 is asserted, the match output is forced LOW. 
Match is placed in a three-state 
condition when the tag is dese- 


lected via the chip select signals. OE has no effect on the match 
output. 


WO-Cache 
write match signal, active LOW, one pin. A LOW at 
this pin indicates a cache hit during a memory write. A HIGH indi- 
cates a cache miss during~emory 
write. If the INVAL input on 
the 7B181 is asserted, the WO output is forced HIGH. This output 
is HIGH during all tag access cycles (TS = 0). WO is placed in a 
three-state condition when the tag is deselected via the chip select 
signals or when OE is HIGH. 


Input/Output 
Signals 


D15-Do-Data 
lines to/from t~rocessor, 
16pins. These..Ei.nsare 
used during both tag access (TS = 0) and tag compare (TS = 1) 
cycles. During tag reads or tag compares, these pins are driven by 
the 7I3l8017B181.1f the INVAL input on the 7I3l81 is asserted, the 
data outputs will go to an unknown state. During tag writes, the 
OE input must be deasserted 
to three-state 
the output drivers so 
that these pins may be driven by the external processor. The data 


inputs are registered/latched 
by the 7B18017B181. In the clock 


mode, the register is negative edge triggered. In the latch mode, 
the latch is positive level triggered. While in the latch mode, if LE 
is HIGH, the latch is transparent 
and the data is allowed to npple 


into the 7B1BOI7BI81.All 16outputs will be placed in a three-state 
condition if the OE input id deasserted (HIGH) or when the cache 
tag is deselected via the four chip select inputs. 


VALID/So- Valid bit (active HIGH) in CY7B181, status bit Soin 
CY7B1BO, one pin. During tag comparison and status read cycles, 
this pin reflects the state of the Valid bit (in CY7Bl81) or status 
bit So(in CY7B180) of the selected entry. Duringstatus 
write cycles 


(TS and SWR LOW), data presented 
at this pin is registered/ 


latched. In the clock mode, the register is negative-edge triggered. 
In the latch mode, the latch ispositive-level triggered. This pin can 
be placed in a three-state condition via the chip select and output 
enable signals. If the INVALinput 
of the CY7B181 is asserted, the 


VALID output is forced LOW. 


DIRlY/S,-Dirty 
bit (active HIGH) in CY7Bl81, status bit S, in 


CY7B180, one pin. During tag comparison and status read cycles, 
this pin reflects the state of the Dirty bit (in CY7B181) or status 
bit S, (in CY7B180) of the selected entry. In copy-back caches us- 
ing the CY7B181, the eache controller can examine this output to 
determine whether the cache line to be replaced should be copied 
back to the main memory. During status write cycles (TS and SWR 
LOW), data presented at this pin is registered/latched. 
In the clock 


mode, the register is negative-edge triggered. In the latch mode, 
the latch is positive-level triggered. This pin can be placed in a 
three-state condition via the chip select and output enable signals. 
If the INVAL input of the CY7I3l81 is asserted, the Dirty output 
will enter an unknown state. 
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Figure 
2 


A 64-Kbyte cache using two CY7B156 cache 
RAMs with burst capability and a high-speed 
cache tag. The complexity of the cache con- 
troller is reduced because the CY7B181 gener- 
ates the write enable signal to the RAM auto- 
matically during write hils. 


TO 
MAIN 
MEMORY 
BUS 


Figure 3 
A 128-Kbyte secondary 
cache for the i486 


using 
four 
CY7B173 
cache 
RAMs 
and 
a 


CY7B181 Cache Tag. Address from the i486 is 
checked by the cache tag at the beginning of 
each access. Match result is delivered to the 
cache controller after 12 ns. 


CY7B180 
CY7B181 


Maximum 
Ratings 
(Above which the uscfullife 
may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 
> 2001V 


Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 
Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage on Vee Relative to GND 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage Applied to Outputs 
in High Z State. . . . . . . . . . . . . . . . . . . .. 
- 0.5V to Vee + 0.5V 


DC Input Voltage(1l 
-0.5Vto 
+ Vee + 0.5V 
Current into Outputs (LOW) 
20 mA 
Electrical 
Characteristics 
Over the Operating 
Range 


Range 


Commercial 


Ambient 
Temperature!21 


O°C to + 70°C 


Vee 


5V ± 10% 


7B180-12, 15,20 
7B181-12, 15,20 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Units 


TAMB 
Ambient Temperature 
0 
70 
°C 


Vee 
Supply Voltage 
4.5 
5.5 
V 


VOII 
Output HIGH Voltage 
Vee = Min., 1011= -2.0 mA 
204 
V 


VOL 
Output WW 
Voltage 
Vee = Min.,loL 
= 4.0 mA 
0.4 
V 


VIII 
Input HIGH Voltage 
2.2 
V 


V'L 
Input LOW Voltage(11 
-0.5 
0.8 
V 


I,x 
Input Load Current 
GND~ 
V,~ 
Vee 
-10 
+10 
~ 


1011 
Output HIGH Current 
Vee = Min., VOII = 2.4V 
-2.0 
mA 


IOL 
Output WW 
Current 
Vee = Max., VOL = 0.4V 
4.0 
mA 


loZH 
Output HIGH Three-State 
Current 
Vee = Min., VOL = 2.7V 
100 
IJ,A 


10ZL 
Output LOW Three-State 
Current 
Vee = Min., VOL = Oo4V 
-100 
IJ,A 


1111 
Input HIGH Current 
Vee = Min., VIII = 2.7V 
10 
~ 


I'L 
Input WW 
Current 
Vee = Max., V'L = Oo4V 
-10 
~ 


loz 
Output Leakage Current 
GND ~ 
V, ~ 
Vee, Output Disabled 
-10 
+10 
~ 


los 
Output Short Circuit Current!3j 
Vee = Max, VOUT= GND 
-300 
mA 


Ice 
Vee Operating 
Supply Current 
Ya: = Max., lOUTMATCH = 0 mA, 
250 
mA 


OE HIGH, f = fMAX 
= 1/teyc 


Notes: 
1. 
V'L (min.) = - 1.5V for pulse durations 
of less than 20 ns. 
2. 
TA is the "instant on" case temperature. 


3. 
Not more than one output 
should be shorted 
at a time. Duration 
of 


the short circuit should not exceed 30 seconds. 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C,f 
= 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vee = 4.5V 


10 
pF 


• 


CY7B180 
CY7B181 


AC Test Loads and Waveforms 
AI962,n 


5V 
OUTPUT 


35 
PFI 


INCLUDING 
JIGAND 
_ 


SCOPE 
- 


333,n 
OUTPUT-rV, 


5 
PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 
Bl80-9 
(b) Three-Smte 
Delay Load 


ALL INPUT PULSES 


3W~ 
~ 


90% 


10% 
10% 


GND 
~ 
."-3n, 


8180-10 


7B180-12 
7B180-15 
7B180-20 


7B181-12 
7B181-15 
7B181-20 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


leve 
Clock Cycle Time 
20 
24 
33 
ns 


leH 
Clock HIGH 
8 
10 
13 
ns 


leL 
Clock LOW 
8 
10 
13 
ns 


teEDZ 
OE HIGH to Output High Z16] 
7 
9 
12 
ns 


teEDY 
OE WW to Output Valid 
7 
9 
12 
ns 


CLOCK MODE (RE = Rising Edge, FE = Falling Edge) 


tMeH 
Match Valid After CLK RE 
12 
15 
20 
ns 


tMHLD 
Match Hold After CLK RE 
. 
2 
2 
2 
ns 


leso 
Status Valid Nter 
CLK RE 
12 
15 
20 
ns 


tSHLD 
Status Hold After CLK RE 
2 
2 
2 
ns 


tTWRwO 
Write Match Valid After TWR WW 
8 
10 
13 
ns 


two 
Write Match Valid After CLK RE 
12 
15 
20 
ns 


tWOHLD 
Write Match Hold After CLK RE 
2 
2 
2 
ns 


tAD 
Access Delay from CLK RE 
15 
18 
25 
ns 


tOOH 
Output Data Hold After CLK RE 
3 
3 
3 
ns 


tDlS 
Input Data Set-Up Before CLK FE 
4 
5 
6 
ns 


tOIH 
Input Data Hold After CLK FE 
2 
3 
4 
ns 


tTSS 
TS Set-Up I3efore CLK RE 
3 
4 
5 
ns 


tTSH 
TS Hold After CLK RE 
3 
4 
5 
ns 


tAs 
Address Set-Up I3efore CLK RE 
3 
4 
5 
ns 


tAH 
Address Hold After CLK RE 
3 
4 
5 
ns 


leos 
Compare Data Set-Up Before CLK RE 
3 
4 
5 
ns 


leOH 
Compare Data Hold After CLK RE 
3 
4 
5 
ns 


less 
Chip Select Set-Up I3efore CLK RE 
3 
4 
5 
ns 


leSH 
Chip Select Hold After CLK RE 
3 
4 
5 
ns 


lesoz 
Output Three-State 
After CLK RE (chip 
8 
10 
13 
ns 
deselected via CS inputs) 


leSOY 
Output Valid After CLK RE (chip 
8 
10 
13 
ns 
deselected via CS inputs) 


CY7B180 
CY7B181 


7B180-12 
78180-15 
7B180-20 
7B181-12 
7B181-15 
7B181-20 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


twRS 
WR 
Set-Up 
Defore 
CLK 
FE 
3 
4 
5 
ns 


tWRII 
WR 
Hold 
After 
CLK 
FE 
3 
4 
5 
ns 


t'NYS 
lNVAL 
Set-Up 
Before 
CLK 
RE 
3 
4 
5 
ns 


t'NYIi 
lNVAL 
Hold 
After 
CLK 
RE 
3 
4 
5 
ns 


tMCHL 
MATCH 
LOW 
After 
CLK 
RE 
8 
10 
13 
ns 


Due 
to lNVAL 
LOW 


twoH 
WO 
HIGH 
After 
CLK 
RE 
8 
10 
13 
ns 


Due 
to INVAL 
LOW 


tYALL 
VALID 
LOW 
After 
CLK 
RE 
8 
10 
13 
ns 


Due 
to INVAL 
LOW 


lATCH 
MODE 


tLRLR 
LE Rise 
to Next 
LE Rise 
20 
24 
33 
ns 


tLw 
Width 
of LE Pulse 
5 
6 
8 
ns 


tLFLR 
LE Fall to LE Rise 
8 
10 
13 
ns 


tASLC 
Address 
Set-Up 
Defore 
Latch 
Close 
3 
4 
5 
ns 


tAHLC 
Address 
Hold 
After 
Latch 
Close 
3 
4 
5 
ns 


IcsLC 
Chip 
Select 
Set-Up 
Before 
Latch 
Close 
3 
4 
5 
ns 


IeIiLC 
Chip 
Select 
Hold 
After 
Latch 
Close 
3 
4 
5 
ns 


tTsLC 
Tag Select 
Set-Up 
Before 
Latch 
Close 
3 
4 
5 
ns 


tTIiLC 
Tag Select 
Hold 
After 
Latch 
Close 
3 
4 
5 
ns 


twsLC 
Write 
Set-Up 
Defore 
Latch 
Close 
3 
4 
5 
ns 


tWIILC 
Write 
Hold 
After 
Latch 
Close 
3 
4 
5 
ns 


IeOSLC 
Comp 
Data 
Set-Up 
Defore 
Latch 
Close 
3 
4 
5 
ns 


IeOIiLC 
Comp 
Data 
Hold 
After 
Latch 
Close 
3 
4 
5 
ns 


tosLC 
Data 
In Set-Up 
Defore 
Latch 
Close 
4 
5 
6 
ns 


tOIiLC 
Data 
In Hold 
After 
Latch 
Close 
2 
3 
4 
ns 


tCDMCH 
Comp 
Data 
Valid 
to Match 
Valid 
12 
15 
20 
ns 


tTSMCII 
Tag Select 
Valid 
to Match 
Valid 
12 
15 
20 
ns 


IcsMCII 
Chip 
Select 
Valid to Match 
Valid 
12 
15 
20 
ns 


tAMCII 
Address 
Valid 
to Match 
Valid 
12 
15 
20 
ns 


tLOMCII 
Latch 
Open 
to Match 
Valid 
12 
15 
20 
ns 


tLOMX 
Latch 
Open 
to Match 
Change 
2 
2 
2 
ns 


hss 
Tag Select 
Valid 
to Status 
Valid 
12 
15 
20 
ns 


less 
Chip 
Select 
Valid 
to Status 
Valid 
12 
15 
20 
ns 


tAs 
Address 
Valid 
to Status 
Valid 
12 
15 
20 
ns 


tLOS 
Latch 
Open 
to Status 
Valid 
12 
15 
20 
ns 


tLOSX 
Latch 
Open 
to Status 
Change 
2 
2 
2 
ns 


tTwRWO 
TWR 
VALID 
to WO 
Valid 
8 
10 
13 
ns 


CY7B180 
CY7B181 


78180-12 
78180-15 
78180-20 


78181-12 
78181-15 
78181-20 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


teDwO 
Comp 
Data 
Valid 
to WO 
Valid 
12 
15 
20 
ns 


tTSwO 
Tag Select 
Valid 
to WO 
Valid 
12 
15 
20 
ns 


Icswo 
Chip 
Select 
Valid 
to WO 
Valid 
12 
15 
20 
ns 


tAwo 
Address 
Valid 
to WO 
Valid 
12 
15 
20 
ns 


twwo 
Latch 
Open 
to WO 
Valid 
12 
15 
20 
ns 


twwox 
Latch 
Open 
to WO 
Change 
2 
2 
2 
ns 


tTSDV 
Tag Select 
Valid 
to Data 
Out 
Valid 
15 
18 
25 
ns 


teSDV 
Chip 
Select 
Valid 
to Data 
Out 
Valid 
15 
18 
25 
ns 


tADV 
Address 
Valid 
to Data 
Out 
Valid 
15 
18 
25 
ns 


tWDv 
Latch 
Open 
to Data 
Out 
Valid 
15 
18 
25 
ns 


tWDX 
Latch 
Open 
to Data 
Out 
Change 
2 
2 
2 
ns 


hSLMH 
Tag Select 
LOW 
to Match 
HIGH 
8 
10 
13 
ns 


tTSLWOH 
Tag Select 
LOW 
to WO 
HIGH 
8 
10 
13 
ns 


tesoz 
Output 
High 
Z After 
the Tag is 
8 
10 
13 
ns 


Deselected 
via Chip 
Select 
Inputsl6) 


tesov 
Output 
Valid 
After 
the Tag is Selected 
8 
10 
13 
ns 
via Chip 
Select 
Inputs 


t1NVS 
INVAL 
Set-Up 
Before 
CLK RE 
3 
4 
5 
ns 


t,NYH 
INVAL 
Hold 
After 
CLK RE 
3 
4 
5 
ns 


tMCHL 
MATCH 
LOW 
AfterCLK 
RE 
8 
10 
13 
ns 
Due 
to INVAL 
LOW 


tWOH 
WO 
HIGH 
After 
CLK RE 
8 
10 
13 
ns 


Due 
to INVAL 
LOW 


tVALL 
VALID 
LOW 
After 
CLK RE 
8 
10 
13 
ns 


Due 
to INVAL 
LOW 


Notes: 
S. 
Test conditions 
assume signal transmission 
time of 3 os or less, timing 
reference 
levels of 1.5V and output 
loading of the specified [O'/[OH 


and 35 pF load capacitance. 
as in part (a) of AC Test Load and Wave- 
forms, unless otherwise specified. 


6. 
tOEDZand tcsoz 
are specified with a load capacitance 
of 5 pF as in 


part (b) of AC Test Loads. Transition 
is measured 
at ± 500 mV from 


steady-state 
voltage. 


CY7B180 
CY7B181 


Switching Waveforms 


Tag Match Timing in Clock Mode (Showing a Hit) 
• 


CY7B180 
CY7B181 


Switching Waveforms 
(continued) 


Tag Read Timing in Clock Mode 


0'5 
- Do 
So. 5, 
(7B1OO) 
V, D (7B181) 


CY7B180 
CY7B181 


Switching Waveforms (continued) 


Tag Write Timing 
in Clock 
Mode 


D'5 - Do 
Sa. S, (78180) 
V. D (78181) 


OE 
///// 


• 


Switching Waveforms (continued) 


Output Enable Timing 


WOo D'5- 
Do 
/ 
" 
So. S, (78180) --------------eI\. ...------------/~I-------------- 


V.D (781: 
-------- 
•••••t~EDV 
~ 
) 
~EDZ 
~ 


Chip Selects 
Selecting 


78180178181 


WOo D'5- 
Do 
So. S, (78180) 
V.D (78181) 


Chip Selects 
Deselecting 


78180178181 


WOo D'5- 
Do 
So. S, (78180) 


V.D (78181) 


CY7B180 
CY7B181 


Switching Waveforms 
(continued) 


Tag Match Timing in Latch Mode (Showing a Hit) 


lu1LR 


tew 
ULR 
~ 
k 
/ 


lASLC 
lAHLC 
- 
XXX 
('XY'>( xXXXx 


tesLC 
teHLC 
- 
XXXX 
Kr\ 
~ 
x'XY'>(')( 


lTSLC 
lTHLC 
- 


17 
~ 


~ 
teDSLC 


I 
I 
teDHLC 


~ 
XXX 
~~ 
>0()()()( 


teDMCH 


lTSMCH 


teSMCH 


lAMCH 
teOMX 


teOMCH 
XXX K k <XXX>0 V)()()( 
~k.XX 


lTSS 


tess 


lAS 
WSX 


teas 


XXX 
k k <XXXX> XXXX~ 
~KXX 


lTSDV 


teSDV 


lADV 
WDX 


teDDv 


XXX 
k k <XXXX> X)()()0 
~KXX 


lWSLC 
lWHLC 
I 
<XXX 
> )()(':K' ( 
*xx xXXY ><X><X:X 


- 
lTWRWO 


teowo 


lTSWO 


teSWD 


lAWO 
WWOX 


teowo 


XX'X KXXXXXXXXXXX~ 
"X.>< 
I 


I• 
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Switching Waveforms 
(continued) 


Tag Read Timing in Latch Mode 


D,s - Do. 
So. S, (78180) 
V. D (78181) 


CY7B180 
CY7B181 


Switching Waveforms 
(continued) 


Tag Write Timing in Latch Mode 


D'5 - Do 
So. 8, (76180) 
V. D (76181) 


wo XXXXXZXXXXXXxf 


OE~ 


III 
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Chip Selects 
Selecting 


76180176181 


WOo D,5 - Do 
So. S, (76180) 
V. D (76181) 


Chip Selects 
Deselecting 
76180176181 


WOo D'5 - Do 


So. S, (76180) 
V. D (76181) 


-I 


==================> ..._------------------- 


CY7B180 
CY7B181 


Speed 
Package 
Operating 


{ns} 
Ordering 
Code 
Type 
Range 


12 
CY7BI80-12GC 
G68 
Commercial 


CY7BI80-12JC 
JSl 


CY7BI80-12LC 
1.81 


15 
CY7BI80-15GC 
G68 
Commercial 


CY7BlSD-15JC 
JSl 


CY7BlSD-15LC 
1.81 


20 
CY7BI80-20GC 
G68 
Commercial 


CY7BI80-20JC 
JSl 


CY7BI80-20LC 
LBI 


Speed 
Package 
Operating 


{ns} 
Ordering 
Code 
Type 
Range 


12 
CY7B1S1-12GC 
G68 
Commercial 


CY7BlSI-12JC 
JSl 


CY7B1S1-12LC 
1.81 


15 
CY7BlSI-15GC 
G68 
Commercial 


CY7BlS1-15JC 
JSl 


CY7BlSI-15LC 
LBI 


20 
CY7BlSI-20GC 
G68 
Commercial 


CY7B1S1-20JC 
JSl 


CY7B1S1-20LC 
LBI • 


~_.~ 


'i2 CYPRESS 
- 
F 
SEMICONDUCTOR 
8,192 x 9 Static R/W RAM 


• Fast access time 
- 
Commercial: 
25/35/45 ns (max.) 
- 
Military: 
35/45/55 ns (max.) 


• Low power consumption 
- 
Active: 770 mW (max.) 


• 300-mil-width package 
• Low standby power 


- 
193mW 


• TTL-compatible 
inputs and outputs 
• Asynchronous 
• Capable of withstanding 
greater than 


2001V electrostatic 
discharge 


Functional 
Description 


The CY7C182 is a high-speed CMOS static 
RAM organized as 8,192 by 9 bits and it is 
manufactured using Cypress's high-perfor- 
mance CMOS technology. Access times as 
fast as 25 ns are available with maximum 
power consumption of only 770 mW. 


The CY7C182, which is oriented 
toward 
cache memory applications, features fully 
static 
operation 
requiring 
no 
external 


clocks or timing strobes. The automatic 
power-down 
feature 
reduces 
the 
power 
consumption 
by more than 70% when the 
circuit is deselected. Easy memory expansion 
i~ovided 
by an active LDW chip enable 
(CE,), an active HIGH chip enable (CE2), 
an active LOW output enable (OE), and 
three-state drivers. 


An active LOW write enable signal (WE) 
controls the wri~read~peration 
of the 


memory. When CEI and WE inputs are both 
LOW, data on the nine data input/output 
pins (VO. through lIO.) is written into the 
memory location addressed by the address 
present on the address pins (Ao through A,2). 
Reading the device is accomplished 
by se- 


lecting the device and enabling the outputs, 
(CEI and OE active LOW and CE2 active 
HIGH), 
while (WE) 
remains 
inactive or 


HIGH. Under these conditions, the contents 
of the location addressed by the information 
on address pins is present on the nine data 
input/output 
pins. 


The input/output 
pins remain in a high-im- 
pedance state unless the chip is selected, out- 
puts arc enabled, and write enable (WE) is 
HIGH. 


A die coat is used to insure alpha immunity. 


Pin Configurations 
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C182·3 


7C182-25 
7C182-35 
7C182-45 
7C182-55 


Maximum Access Time (ns) 
25 
35 
45 
55 


Maximum Operating 
Current (mA) 
Commercial 
140 
140 
140 
140 


Military 
150 
150 
150 


Maximum Standby Current (mA) 
Commercial 
35 
35 
35 
35 


Military 
45 
45 
45 


Maximum 
Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage 
Temperature 
- 65°C 
to + IS0aC 
Static Discharge 
Voltage 
. 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015.2) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage to Ground Potentialll] 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage APr,l/ed to Outputs 
In HIgh Z State 
- 0.5V to + 7.0V 


DC Input Voltage[1] 
- 0.5V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Temperature!ZI 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
- 55°C to + 125°C 
5V ± 10% 


7C182 


Parameters 
Description 
Test Conditions 
. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc Min., IOH = - 4.0 mA. 
" 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc Min., IOL = 8.0 mA 
0.4 
V 


V'H 
Input HIGH Voltage 
2.2 
Vcc 
V 


VIL 
Input LOW Voltagel!) 
- 0.5 
0.8 
V 


I,x 
Input Load Current 
GND~ 
VIN~ 
Vcc,GND 
< VOUT< Vcc, 
-10 
+ 10 
IlA 


Output Disabled 


Ioz 
Output Leakage Current 
Vcc = Max., VOUT= GND 
-10 
+10 
~A 


Ios 
Output Short Circuit Current(3) 
Vcc = Max., VOUT= GND 
-300 
mA 


Icc 
Vcc Operating 
Supply Current 
VccMax., Output Current = OmA, 
Com'l 
140 
mA 


f = Max., VIN = Vcc or GND 
Mil 
150 


ISBI 
Automatic Power-Down Current 
Max Vcc, CE1 2. VIH, CEz ~ 
VlLo 
Com'l 
35 
mA 


- 
TTLInputs 
VIN2. VIHor VIN~ 
VIL,f = fMAX 
Mil 
45 


IsBz 
Automatic Power-Down Current 
MaxVcc,CEI2. 
Vcc-0.3V,CEz~0.3V, 
VIN 
Com'l 
25 
mA 


- 
CMOS Inputs 
2. Vcc - 0.3V or V1N~ 
0.3V, f = 0 
Mil 
35 


Parameters 
Description 
Test Conditions 
Max. 
Units 


Cour 
Output Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 


C1N 
Input Capacitance 
Vcc = 5.0V 
10 
pF 


Note: 
I. 
VIL(min.)= - 3.0V for pulse durations of lessthan 20 ns. 


2. 
TA is the "instant on" case temperature. 


3. 
Duration of the short circuit should not exceed30seconds.Not more 
than 1 output should be shorted at one time. 


0UTP~5T1AI481.o. 


30pFr 
A2 
255.0. 


INCLUDING 


JJGAND 
- 
- 


SCOPE 
- 
- 
(a) 


3'OV~ 
90% 


GND 
10% 


..:5.5 ns 
~ 


% 


'0% 


£5ns 


C182-5 


5PFr 
INCLUDING 


JIG AND -= 
-= 


SCOPE 
(b) 


THEvENIN EQUIVALENT 


167.0. 


• 


7C182·2S 
7C182-3S 
7C182-4S 
7C182-SS 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLEIS) 


tRC 
Read 
Cycle 
Time 
25 
35 
45 
55 
ns 


tAA 
Address 
to Data 
Valid 
25 
35 
45 
55 
ns 


IoHA 
Address 
Valid 
to Low 
Z 
3 
3 
3 
3 
ns 


tACEI 
CEI 
Access 
Time 
25 
35 
45 
55 
ns 


tACEZ 
CEz Access 
Time 
25 
25 
45 
55 
ns 


tLZCEI 
CEI 
LOW 
to Low 
Z 
5 
5 
5 
5 
ns 


tLZCEZ 
CEz HIGH 
to Low 
Z 
5 
5 
5 
5 
ns 


tHZCE1 
CEI 
HIGH 
to High 
ZI51 
20 
20 
25 
25 
ns 


tHZCEZ 
CEz LOW 
to High 
Zl51 
20 
20 
25 
25 


tpu 
CE1 
LOW 
to Power-Up 
0 
0 
0 
0 
ns 


tpD 
CE1 
HIGH 
to Power-Down 
20 
20 
25 
25 
ns 


tDOE 
OE 
Access 
Time 
20 
20 
20 
25 
ns 


tLWE 
OE 
LOW 
to Low 
Z 
3 
3 
3 
3 
ns 


tHWE 
OE 
HIGH 
to High 
ZI51 
20 
20 
25 
30 
ns 


WRITE 
CYCLEI6) 


twc 
Write 
Cycle 
Time 
25 
35 
45 
50 
ns 


tSA 
Address 
Set-Up 
Time 
0 
0 
0 
0 
ns 


tAW 
Address 
Valid 
to End 
of Write 
20 
30 
40 
50 
ns 


tSD 
Data 
Set-Up 
Time 
18 
20 
25 
30 
ns 


tSCEl 
CE1 
LOW 
to Write 
End 
20 
30 
40 
50 
ns 


tSCEZ 
CEz HIGH 
to Write 
End 
20 
30 
40 
50 
ns 


tHzwE 
Write 
LOW 
to High 
Zl5,7,lOJ 
13 
15 
20 
25 
ns 


tpwE 
WE 
Pulse 
Width 
20 
25 
30 
35 
ns 


tHA 
Address 
Hold 
from 
End 
of Write 
5 
5 
5 
5 
ns 


tHD 
Data 
Hold 
Time 
0 
0 
0 
0 
ns 


tLZWE 
Write 
HIGH 
to Low 
Z[71 
3 
3 
3 
3 
ns 


Notes: 
5. 
lHZCEand 
tHzwE are specified 
with CL = 5 pF. Transition 
is measured 


± 500 mV from steady state voltage. 


6. 
The internal write time of the memory is defined by theoveriapofCEI 
LOW, CEz HIGH, 
and WE LOW AU three signals must be asserted 
to initiate a write and any signal can terminate a write by being deas- 
serted. The data input set-up and hold timing should be referenced 
to the rising edge of the signal that terminates the write. 
7. 
At any given temperature and voltage condition, tLzwE is less than 


lHZWE 
for any given device. These parameters are sampled and not 


100% tested. 


8. 
WE is HIGH 
for read cycle. 


9. 
Device is continuously 
selected. 
DE, CE1 = V'L' CEz = VIH. 


10. Address valid prior to or coincident with CE transition 
LOW and CEz 


transition 
HIGH. 
11. If CEI goes HIGH 
and CEz goes LOW simultaneously 
with WE 


HIGH, the output remains in a high-impedance state. 


Switching Waveforms 


Read Cycle No. 118,9) E-~.~"~ 


DATAOUT----P-R-EV-I-O-U-S-D-A-T-A-V-A-L-ID-J~X--X--*================D=A=T=A=V=A=L1=D============ 


Read Cycle No. 218•10) 


eE, 


luCE 


VCC 
!p_U_jt-5O-%------------------!p-D-=t=- 
ICC 
SUPPLY 
50% 


CURRENT 
ISB 


C182·7 


tAW 


WE 
tSA 
!PWE 


tSD 


DATAIN 
DATAVALID 


ltiZWE 


~ 
~ 


DATA1/0 
DATAUNDEFINED 


C182·8 


ill 


Switching Waveforms 
(continued) 


Write Cycle No.2 {CE Controlled)16.1l1 


tSCE1 


1scE2 


!HZWE~, 
_ 
- 
_ 
HIGH IMPEDANCE 


C182·9 


CE1 
CE, 
OE 
WE 
Data-In 
Data-Out 
Mode 


H 
X 
X 
X 
Z 
Z 
Deselect/Power-Down 


L 
H 
L 
H 
Z 
Valid 
Read 


L 
H 
X 
L 
Valid 
Z 
Write 


L 
H 
H 
H 
Z 
Z 
Output Disable 


X 
L 
X 
X 
Z 
Z 
Deselect 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
Type 
Range 


25 
CY7C182-25PC 
P21 
Commercial 


CY7C182-25VC 
V21 


CY7C182-25DC 
D22 


35 
CY7C182-35PC 
P21 
Commercial 


CY7C182-35VC 
V21 


CY7C182-35DC 
D22 


CY7C182-35DMB 
D22 
Military 


CY7C182-35LMB 
·.•..L54 


45 
CY7C182-45PC 
P21 
Commercial 


CY7C182-45VC 
V21 


CY7C182-45DC 
D22 


CY7C182-45DMB 
022 
Military 
CY7Cl82-45LMB 
L54 


55 
CY7Cl82-55DMB 
D22 
Military 


CY7C182-55LMB 
L54 


p~_ 
~ 


'i~ 
CYPRESS 
- 
F 
SEMICONDUCTOR 


• Pin-programmable 
into direct- 


mapped or two-way set-associative 
format 
• CMOS for optimum speed/power 


• 
High speed 
- 
25 ns 


• Common I/O 
• Internal 
address latch 


• TTL-compatible 
inputs and outputs 
• Capable of withstanding 
greater than 


2001V electrostatic 
discharge 
• Compatible with Intel 82385 Cache 


Controller 


Functional 
Description 


The CY7C183 and CY7C184 are high- 
performance 
monolithic 
CMOS 
static 


RAMs that contain 
128 kbits organized 
into either 
two, two-way set-associative 
blocks of 4K x 16 RAM, or one directly 
mapped 8K x 16-bit RAM. 


CY7C183 
CY7C184 


They are designed specifically for use with 
the Intel 82385 Cache Controller, and their 
addresses are latched on the falling edge of 
the Address Latch Enable (ALE) signal. 
When ALE is HIGH, the latch is transpar- 
ent. The 
CY7C183 has all address 
bits 
latched 
by the 
ALE 
signal except A12, 


which is unlatched. An, which bypasses the 
latch, has a faster access time. All address 
bits are latched by the ALE signal in the 
CY7C184. The mode pin controls whether 
they arc configured as direct-mapped 8K x 
16 or two-way set-associative 2 x 4K x 16 
RAMs. When mode is HIGH, the circuits 
are placed in the two-way mode. In the two- 
way mode, the upper address bit, An is a 
"don't 
care," and is externally wired to 
ground. When mode is LOW, the circuits 
are placed in the direct mode. 


Writing is acco.!!!Qlished in the two-way 
mode by takin~E 
LOW and by inserting 


the respective CSx and WE. si&!!.alsLOW: 
CSo enables bits 00-0, while CS1 enables 
bits 08-015. 
WEA enables cache bank A, 


and WEB enables cache bank B to receive 
whatever data resides on the data bus. OEA 
and OEB similarly enable cache banks A and 
B, respectively, to drive the data bus. 


Writing is accomplished, in the direct mode, 
by tying WEA and WEB together externally, 
and using An to determine 
which 4K x 16 


memory bank is selected. 


Reading 
is acco"'!!!plished in the 
two-way 


mode by taking CE LOW, inserting the re- 
spective O~nd 
CSx signals LOW and the 


respective WE. signal HIGH. The contents 
of the memory location specified on the ad- 
dress pins will appear on the 16outputs. Acti- 
vation of OEA and OEB simultaneously will 
cause both banks to be deselected. Reading 
is accomplished in the direct mode by tying 
OEA and OEB together externally. An will 
determine which 4K x 16memory bank is en- 
abled. 


4Kx 
8 


Memory 


Array 
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7C183-25 
7C183-35 
7C183-45 


7C184-25 
7C184-35 
7C184-45 


Maximum Address Access Time (ns) 
Commercial 
25 
35 
45 


Military 
25 
35 
45 


Maximum Output Enable Access Time (ns) 
Commercial 
10 
14 
16 


Military 
125 
14 
16 


Maximum Operating 
Current (mA) 
Commercial 
220 
170 
140 


Military 
200 
160 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage........................ 
>2OO1V 
Ambient Temperature 
with 
(per M1L-STD-883, 
Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current.................... 
>200 mA 


Supply Voltage to Ground Potential 
- O.5V to + 7.0V 
Operating 
Range 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Ternperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Militaryll] 
- 55°C to + 125°C 
5V ± 10% 


CY7C183 
CY7C184 


7C183-25 
7C183-35 
7C183-45 
7C184-25 
7C184-35 
7C184-45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee - 
Min., IOH - - 4.0 mA 
2.4 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
0.4 
0.4 
V 


VJH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
2.2 
Vee 
V 


VIL 
Input LOW Voltage 
-3.0 
0.8 
-3.0 
0.8 
-3.0 
0.8 
V 


IIX 
Input Load Current 
GND -S. VI -S. Vee 
-10 
+ 10 
-10 
+10 
-10 
+ 10 
j.lA 


Ioz 
Output Leakage 
GND -S. VI-S. Vee, 
-10 
+10 
-10 
+10 
-10 
+ 10 
j.lA 
Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., VoUT = GND 
-350 
-350 
-350 
mA 
Circuit Currentl3! 


Ice 
Vee Operating 
Supply 
Vee = Max. 
Com'l 
220 
170 
140 
mA 
Current 
lOUT= 0 mA 
Read Cyclel') 
Mil 
200 
160 


Duty Cycle = 45% 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


3QPFr 
INCLUDING 


JIG AND -= 


SCOPE 
(a> 
THEvENIN EQUIVALENT 
4con 


5PFr 
INCLUDING 
JIG AND -= 


SCOPE (b) 


Notes: 
1. 
TA is the "instant 
on" case temperature. 
2. 
See the last page of this specificationfor Group A subgroup testing 
infoffilation. 
3. 
Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 
4. 
At agivendutycycle,WriteCycleIce isequal to 1.4timesReadCycle 
Ice· 


5. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 


6. 
Test conditions assume signal transition 
time of 5 os or less, timing ref- 


erence levelsof 1.5Y,input pulse levelsof 0 to 3.0V,and output load- 
ing of the specifiedIOL/IoHand 30-pF load capacitance. 


I• 


CY7C183 
CY7C184 


7C183-25 
7C183-35 
7C183-45 


7C184-25 
7C184-35 
7C184-45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE171 


tRC 
Read 
Cycle 
Time 
25 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
25 
35 
45 
ns 


tAA Al2IS1 
Address 
to Data 
Valid Al2 
17 
25 
35 
ns 


teE 
Chip 
Enable 
to Data 
Valid 
12 
15 
20 
ns 


tes 
Chip 
Select 
to Data 
Valid 
12 
15 
20 
ns 


toE 
Output 
Enable 
to Data 
Valid 
10 
14 
16 
ns 


toHA 
Output 
Hold 
from 
Address 
Change 
3 
3 
3 
ns 


toHL 
Output 
Hold 
from 
ALE 
HIGH 
3 
3 
3 
ns 


tLZCE 
Chip 
Enable 
to Low Z 
3 
3 
3 
ns 


tLZOE 
Output 
Enable 
to Low Z 
0 
0 
0 
ns 


tHZCE 
Chip 
Enable 
to High 
Z 
15 
25 
30 
ns 


tHZOE 
Output 
Enable 
to High 
Z 
9 
10 
12 
ns 


tPALE 
ALE 
Pulse 
Width 
8 
10 
12 
ns 


tSALE 
Address 
Set-Up 
to ALE 
Low 
4 
6 
8 
ns 


tHALE 
Address 
Hold 
to ALE 
Low 
4 
4 
4 
ns 


WRITE 
CYCLEI91 


twc 
Write 
Cycle 
Time 
25 
35 
45 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
20 
30 
40 
ns 


tSCE 
Chip 
Enable 
to Write 
End 
20 
25 
30 
ns 


tscs 
Chip 
Select 
to Write 
End 
20 
25 
30 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
10 
10 
10 
ns 


tHD 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tPWE 
Write 
Enable 
Pulse 
Width 
20 
25 
30 
ns 


tSA 
Address 
Set-Up 
to Write 
Enable 
0 
0 
0 
ns 


tHA 
Address 
Hold 
from 
Write 
Enable 
0 
0 
0 
ns 


tLZWE 
Write 
Enable 
HIGH 
to Low Z 
3 
3 
3 
ns 


tHzwE 
WE 
LOW 
to High Z 
15 
15 
20 
ns 


tpALE 
ALE 
Pulse 
Width 
8 
10 
12 
ns 


tSALE 
Address 
Set-Up 
to ALE 
Low 
4 
6 
8 
ns 


tHALE 
Address 
Hold 
to ALE 
Low 
4 
4 
4 
ns 


Noles: 
7. 
Both WEA and WEB must be HIGH 
for read cycle. 


8. 
CY7CI83 
only. 
9. 
The internal write time of the memory is defined by the overlap ofCE, 
C5x, and WE.. All signals must be LOW to initiate a write and any sig- 
nal can terminate 
a write by going HIGH. The data input set-up and 


hold timing should be referenced 
to the rising edge of the signal that 


terminates the write. 


10. Device is continuously 
selected, 
CE and CS are LOW 


11. Address valid prior to or coincident 
with CE transition 
LOW. 


12. WE is HIGH 
for read cycle. 


13. OE is deselected 
(HIGH). 


CY7C183 
CY7C184 


Switching 
Waveforms 


Read Cycle No.1 (ALE = C 


Read Cycle No.3 (ALE = HIGH) 
[11,12) 


ALE 7///////// 


ADDRESS 
W 
t;,_C 
~ 
_ 
~--- 
~-= 
CE,"CS 


CY7C183 
CY7C184 


Switching Waveforms 
(continued) 


Write Cycle No.1 (ALE = CLOCK, WE Controlled) 
[131 


ALE_¥= 
~ALE 
_~ 


- 
lSALE 
~.:- 
4iALE 


* 


tSD.4iD* 


DATA---------------e(XX 
DATA-INVALI~XX 
»------- 


C183·10 


* 


ISD 4iD* 


DATA---------------e:(XX 
DATA-INVALI~XX 
»------ 


C183-1' 


ALE1000//0/' 


* 


ISD.4iD* 


DATA-------------(X 
X 
DATA-INVALI~XX 
»------ 


C183-12 


CY7C183 
CY7C184 


CE 
CS. 
CSt 
OEA 
OEB 
WEA 
WEB 
Operation 


H 
X 
X 
X 
X 
X 
X 
Outputs High Z, Write Disabled 


L 
H 
H 
X 
X 
X 
X 
Outputs High Z, Write Disabled 


X 
X 
X 
H 
H 
X 
X 
Outputs High Z 


X 
X 
X 
L 
L 
X 
X 
Outputs High Z 


L 
L 
H 
L 
H 
H 
H 
Read 1/00-110, 
Way A 


L 
L 
H 
H 
L 
H 
H 
Read 1100-110, 
WayB 


L 
H 
L 
L 
H 
H 
H 
Read 110.-1/0'5 
Way A 


L 
H 
L 
H 
L 
H 
H 
Read 110.-110'5 
WayB 


L 
L 
L 
L 
H 
H 
H 
Read 1100-110'5 
Way A 


L 
L 
L 
H 
L 
H 
H 
Read 1100-11015 
WayB 


L 
L 
H 
X 
X 
L 
H 
Write 1100-1/0, 
Way A 


L 
L 
H 
X 
X 
H 
L 
Write 1100-110, 
WayB 


L 
H 
L 
X 
X 
L 
H 
Write 110.-11015 
Way A 


L 
H 
L 
X 
X 
H 
L 
Write 110.-11015 
WayB 


L 
L 
L 
X 
X 
L 
H 
Write 1100-110'5 
Way A 


L 
L 
L 
X 
X 
H 
L 
Write 1100-11015 
WayB 


L 
L 
H 
X 
X 
L 
L 
Write 1100-110, 
WayA&B 


L 
H 
L 
X 
X 
L 
L 
Write 110.-110'5 
Way A & B 


L 
L 
L 
X 
X 
L 
L 
Write 1/020_"015 
WayA&B 


CE 
CSo 
CSt 
OEA 
OEB 
WEA 
WEB 
Operation 


H 
X 
X 
X 
X 
X 
X 
Outputs High Z, Write Disabled 


L 
H 
H 
X 
X 
X 
X 
Outputs High Z, Write Disabled 


X 
X 
X 
H 
H 
X 
X 
Outputs High Z 


L 
L 
H 
L 
L 
H 
H 
Read 1/00-110, 


L 
H 
L 
L 
L 
H 
H 
Read 110.-11015 


L 
L 
L 
L 
L 
H 
H 
Read 1100-110'5 


L 
L 
H 
X 
X 
L 
L 
Read 1100-110, 


L 
H 
L 
X 
X 
L 
L 
Read 1/0.-11015 


L 
L 
L 
X 
X 
L 
L 
Read 1100-11015 


CY7C183 
CY7C184 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


25 
CY7C183-25JC 
J69 
Commercial 


35 
CY7C183-35JC 
J69 
Commercial 


CY7C183-35LMB 
1.68 
Military 


45 
CY7C183-45JC 
J69 
Commercial 


CY7C183-45LMB 
1.68 
Military 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1LMax. 
1,2,3 


Ilx 
1,2,3 


Ioz 
1,2,3 


Ios 
1,2,3 


Icc 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


loHA 
7, 8, 9, 10, 11 


tACE 
7, 8, 9, 10, 11 


tOOE 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tSCE 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


tSD 
7, 8, 9, 10, 11 


tHD 
7, 8, 9, 10, 11 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


25 
CY7C184-25JC 
J69 
Commercial 


35 
CY7C184-35JC 
J69 
Commercial 


CY7C184-35LMB 
1.68 
Military 


45 
CY7C184-45JC 
J69 
Commercial 


CY7C184-45LMB 
1.68 
Military 


.=:...=:§-;;!- 
-'~.~ 
.~1H CYPRESS 
ifF 
SEMICONDUCTOR 


CY7B185 
CY7B186 


8,192 x 8 Static RAM 


Functional 
Description 


The CY7B185 and CY7B186 are high-per- 
formance 
BiCMOS 
static 
RAMs 
orga- 
nized as 8,192 words by 8 bits. These 
RAMs are developed by Aspen Semicon- 
ductor Corporation, 
a subsidiary of Cy- 
press Semiconductor. 
Easy memory 
ex- 
pansion ~rovided 
by an active LOW chip 
enable (CE1), an active HIGH chip enable 
(g§), and active LOW 
output 
enable 
(OE) and three-state drivers. Both devices 
have a power-down feature (CE1) that re- 
duces 
the power 
consumption 
by 67% 


when deselected. The CY7B185 is in the 
space saving 300-mil-wide DIP package 
and lead less chip carrier. The CY7BI86 is 
in the standard 600-mil-wide package. 


Features 


• 
BiCMOS for optimum speed/power 
• 
Ultra high speed 
-10 ns 


• 
Low active power 
-750mW 


• 
Low standby power 
-250mW 


• 
TTL-compatible 
inputs and outputs 
• 
Capable of withstanding 
greater than 


2001V electrostatic 
discharge 


An active LOW write enable signal (WE) 
controls the writing/reading 
o~tion 
of 


the memory. Whcn CEI and WE inputs 
are both LOW, data on the eight data in- 
put/output pins (1/00 through 1107) iswrit- 
ten into thc memory location addressed by 
(Ao through Al2). Reading the device is ac- 
complished by selecti~he 
device and en- 
abling the outputs, 
CEI and O~tive 


LOW, CE2 active HIGH, 
while WE re- 


mains HIGH. Under these conditions, the 
contents of the location addressed by the 
information on the address pins is present 
on the eight data input/output 
pins. 


The input/output 
pins remain in a high- 
impedance state unless the chip is selected, 
o..!!..!.Q.uts 
are enabled, 
and write enable 


(WE) is HIGH. 


Logic Block Diagram 
Pin Configurations 


DIP 
Top View 


NC 
28 
vcc 


A, 
27 
WE 


A, 
26 
CE, 
•.. 
25 
•.. 


A, 
24 
A, 
•.. 
8 
23 
A, 


1100 
•.. 
7 7B185 22 
DE 


A" 
8 78186 21 •.. 


110, 
A" 
9 
20 
CE1 


A" 
10 
19 
1/07 


VOo 
11 
18 
110, 


va, 
va. 
12 
17 
va, 


va, 
13 
16 
va. 


GND 
14 
IS 
1/°3 


1/03 
8185-2 


Maximum Access Time (ns) 


Maximum Operating 
Current (mA) 
Commercial 


Military 


Commercial 


Military 
Maximum Standby 
Current (mA) 


LCC 
Top View 


.T .f< >81 !I! 


3 
2 
!..,.! 28 27 


26 
NC 
4 
A, 
5 
25 
•.. 
6 
24 
•.. 
7 
23 


A" 
8 
78185 
22 


A" 
9 
78186 
21 


A" 
10 
20 


VOo 
11 
19 
va, 
12 
18 


13 14 15 16 17 


7B185-12 
7B186-12 
12 


140 


7B185-15 
7B186-15 


15 
135 


145 


40 


50 


• 


CY7B185 
CY7B186 


Maximum 
Ratings 


(Above which the useful life may be impaired. Exposure to absolute maximum rated conditions for extended periods may affect device 
reliability. For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 


Ambient Temperature 
with 


Power Applied 
-55°C 
to + 125°C 


Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 


~~~~t~~t~fe~I~~~ 
.t~.?~tp.uts 
_ 0.5V to + 7.0V 


Input Voltage III 
- 3.0V to + 7.0V 
Output Current into Outputs (Low) 
20 mA 


Parameters 


VOH 


Description 


Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Level 


Input LOW Voltage(1] 


Input Load Current 


Output Leakage 
Current 


Vcc Operating 
Supply Current 


GND~ 
VI~ 
Vcc 


GND~ 
VI~ 
Vcc. 


Output Disabled 


Vcc = Max., lOUT = 0 mA 
f = f max. 


CEI Power-Down 
Current 
CE,2. VIH• 
IOH = mA 


Static Discharge Voltage. 
. . . . . . . . . . . . . . . . . . . . . .. 
> 2001V 
(Per MIlrSTD-883 
Method 3015) 
Latch-Up Current. 
. . . . . . . . . . . . . . . . . . . . . . . . . . .. 
> 200 mA 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
OOCto + 70°C 
5V ± 10% 


Military 
12J 
-55°C 
to + 125°C 
5V ± 10% 


7B185-12 
7B185-15 


7B186-12 
7B186-15 


Min. 
Max. 
Min. 
Max. 
Units 
2.4 
2.4 
V 


2.4 
2.4 


0.4 
0.4 
V 


2.2 
Vcc 
2.2 
Vcc 
V 


- 0.5 
0.8 
- 0.5 
0.8 
V 


-10 
+10 
-10 
+10 
IJA 


- 10 
+10 
-10 
+10 
IlA 


140 
135 
mA 


145 
mA 


40 
40 
mA 


50 
mA 


Parameters 
Description 
Test Conditions 
Max.'5J 
Units 


CIN 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
5 
pF 


CoUT 
Output Capacitance 
Vcc = 5.0V 
7 
pF 


Notes: 
1. 
V1L (min.) = - 3.0V for pulsewidth < 20 n5. 


2. 
TA is the Hinstant on" case temperature. 


3. 
See the last page of this specificationfor Group A subgroup testing 
information. 


5V31R'481n. 


OUTPUT 


c,. 
~;5n. 


INCLUDINGI 


JIGAND 
_ 
_ 


SCOPE 
- 
- 


(a) 


THEVENIN 
EQUIVALENT 
'67n. 


5PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(b) 


4. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 
5. 
For all packagesexcept CERDIP (DI6, D22). which has maximums 
of CIN= 8 pF, CoUT = 9 pF. 


ALL INPUT PULSES 


3'OV~ 
90% 


GND 
'0% 


..s.3 ns 
Jt: 


10% 


..s.3 ns 


-~ 
CY7B185 


.,~ 
CY7B186 
~; 
SEMlCCtlDlJCI'C 


Switching Characteristics 
Over 
the Operating 
Rangel].61 


7B185-15 
7B186-15 


Parameters 
Description 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
12 
15 
ns 
fII 
tAA 
Address 
to Data 
Valid 
12 
15 
ns 


IoHA 
Data 
Hold 
from 
Address 
Change 
3 
3 
ns 


tACEl 
CE, 
LOW 
to Data 
Valid 
12 
15 
ns 


tACE2 
CE2 HIGH 
to Data 
Valid 
12 
15 
ns 


tOOE 
OE 
LOW 
to Data 
Valid 
6 
8 
ns 


tLWE 
OE 
LOW 
to Low 
Z 
2 
3 
ns 


tHWE 
OE 
HIGH 
to High 
ZPI 
6 
7 
ns 


tLZCEI 
CE1 
LOW 
to Low 
Z18] 
2 
3 
ns 


tLZCE2 
CE2 HIGH 
to Low 
Z18) 
2 
3 
ns 


tHZCE 
CE1 
HIGH 
to High 
Z16.7J 
6 
7 
ns 
CE2 LOW 
to High 
Z 


WRITE 
CYCLEl9J 


twc 
Write 
Cycle 
Time 
12 
15 
ns 


tSCEI 
CE, 
LOW 
to Write 
End 
8 
10 
ns 


tSCE2 
CE2 HIGH 
to Write 
End 
8 
10 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
8 
10 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
ns 


tPWE 
WE 
Pulse 
Width 
8 
10 
ns 


tso 
Data 
Set-Up 
to Write 
End 
6 
7 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
ns 


tHZWE 
WE 
LOW 
to High 
ZI6J 
0 
6 
0 
7 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z 
2 
3 
ns 


Shaded area contains preliminary 
information. 


Notes: 
6. 
Test conditions assume signal transition times of 3 os or less, timing 
reference 
Jevels of 1.5V. input pulse levels of 0 to 3.0V and output 


loading of the specified lodloH. 
and CL = 20 pE 
7. 
tHWE. tHZCE. and tHzWE are specified with CL = 5 pF as in part (b) 
of AClest 
Loads. 'Itansition 
is measured ± 200 mV from steady-state 
voltage. 


8. 
At any given temperature 
and voltage condition. 
tHZCE is less than 


tLZCE 
for any given device. 


9. 
The internal write time of the memol)' is defined by the overiapofCE, 
WW.CE2 HIGH. and WE Ww. The data input set-up and hold tim- 
ing should be referenced 
to the rising edge of the signal that terminates 


the write. All three signals must be active to initiate a write, and either 
signal can terminate a write by going inactive. 


CY7B185 
CY7B186 


Switching Waveforms 


Read Cycle No.1 
[10. IIJ 


Read Cycle No.2 
[10, 121 
cr, 


"'ZOE~ ~l 


___ 
"'~E-1__ 
jl_ 


DATA 
UNDEFINED 
~ 
--j\ 


8185-8 


Notes: 
10. Device is continuously 
selected, 
OE, CE1 = VtL, CEz = V1H• 
11. Address valid prior to or coincident with CE transition WW 
12. WE is HIGH 
for read cycle, 


13. Data 
110 is HIGH 
impedance 
if OE 
= VU1' 


14. If CE goes HIGH simuitaneousiywith 
WEIIIGH. 
the output remains 


in a high-impedance state. 


CY7B185 
CY7B186 


Switching 
Waveforms 
(continued) 


Write Cycle No.2 (CE Controlled) 
(8, 12, 141 
• 


ADDRESS 


GEl 


~ZWE j 


DATA 110---------------------- 
) 
~IGH IMPEDANCE 
< 
DATA UNDEFINED 
~.----------. 
------ 


CE1 
CE, 
WE 
OE 
InputslOutputs 
Mode 


H 
X 
X 
X 
HighZ 
DeselectiPower- 
Down 


X 
L 
X 
X 
HighZ 
Deselect 


L 
H 
H 
L 
Data Out 
Read 


L 
H 
L 
X 
Data In 
Write 


L 
H 
H 
H 
High Z 
Deselect 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


12 
CY7B186-12PC 
P15 
Commercial 


15 
CY7B186-15PC 
P15 
Commercial 


CY7BI86-15DMB 
D16 
Military 


12 
CY7B185-12PC 
P21 
Commercial 


CY7B185-12VC 
V21 


CY7B185-12DC 
D22 


15 
CY7B185-15PC 
P21 
Commercial 


CY7Bl85-15VC 
V21 


CY7B185-15DC 
D22 


CY7BI85-15DMB 
D22 
Military 


CY7BI85-15LMB 
L54 


Document #: 38-A-OOOI6-B 


• Automatic power-down when 
deselected 
• CMOS for optimum speed/power 


• 
High speed 
- 
20 ns 


• 
Low active power 
- 
SSOmW 


• Low Standby Power 
- 
1l0mW 


• TTI/compatible 
inputs and outputs 
• Capable of withstanding 
greater than 
200lV electrostatic 
discharge 


Functional 
Description 


The CY7C185 and CY7C186 are high-per- 
formance CMOS static RAMs organized as 
8192 words by 8 bits. Easy memory expan- 
sion is...2!:.0videdby an active LOW chip en- 
able (CE1), 
an active HIGH 
chip enable 
(CE2), and active LOW output enable (OE) 
and three-state 
drivers. Both devices have 
an automatic 
power-<lown feature (CE1), 


reducing the power consumption 
by 73% 
when deselected. The CY7C185 is in the 
space-saving 
300-mil-wide 
DIP 
package 
and leadless chip carrier. The CY7C186 is 
in the standard 600-mil-wide package. 


An active LOW write enable signal (WE) 
controls the writin~adin!LQQCration 
of 
the memory. When CEI and WE inputs are 


both LOW and CE2 is HIGH, data on the 
eight data input/output 
pins (1I0o through II 


a,) 
is written into the memory location ad- 
dressed by the address present on the ad- 
dress pins (Ao through An). Reading the de- 
vice is accomplished by selecting the device 
and enabling the outputs, CEI and OE active 
Law, 
CE2 active HIGH, while WE remains 


inactive or HIGH. 
Under these conditions, 


the contents of the location addressed by the 
information on address pins ispresent on the 
eight data input/output 
pins. 


The input/output 
pins remain in a high-im- 
pedance state unless the chip is selected, out- 
puts are enabled, and write enable (WE) is 
HIGH. A die coat is used to insurc alpha im- 
munity. 


Pin Configurations 


DIP/SOJ 
Top View 


NC , 
Vcc 


A. 
2 
WE 
A, 
3 
CE, 
,.. 
4 
'" 
A, 
5 
A, 
,.. 
A, 


Ag 
DE 


A" 
Ag 


A" 
eE, 


A" 
110, 


IlOo 
lto. 


va, 
110, 


110, 
1/0. 


GND 
1/03 


LCC 
C'85-2 


Top View 
:f .r.lJ1I~ 


321'.2827 
CE, 
NC 
4 
-- 
26 


A, 
5 
25 '" 
,.. 
8 
24 
A, 
Ag 
7 
23 
A, 


A" 
8 
7C185 
22 
DE 
A" 
9 
7c1S6 
21 
&. 


A" 
'0 
20 
CE, 


1/00 


" 
'9 
1/07 


I/O, 
'2 
'8 
1/06 


1314151617 


NO 
M'<T l() 
g~gg 
g 
C185-3 


7C18S-20 
7C18S-2S 
7C18S-3S 
7C18S-4S 
7C18S-SS 
7C186-20 
7C186-2S 
7C186-3S 
7C186-4S 
7C186-SS 


Maximum Access Time (ns) 
20 
25 
35 
45 
55 


Maximum Operating 
Current (mA) 
120 
100 
100 
100 
80 


Maximum Standby Current (mA) 
20/20 
20/20 
20/20 
20/20 
20/20 


CY7C185 
CY7C186 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage .. 


Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current.... 
. 
. 


Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Range 
Commercial 


Ambient 
Temperature 
O°C to + 70°C 


Vcc 


5V ± 10% III 


7C18S·20 
7C18S-2S,3S,4S 
7C18S-SS 
7C186·20 
7C186-2S,3S,4S 
7C186-SS 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., IOH = - 4.0 mA 
2.4 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
0.4 
0.4 
V 
VIH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
2.2 
Vee 
V 


V'L 
Input LOW VoltagellJ 
-3.0 
0.8 
-3.0 
0.8 
-3.0 
0.8 
V 


I,x 
Input Load Current 
GND -S. V,-S. Vee 
-10 
+10 
-10 
+ 10 
-10 
+10 
iJ.A 


Ioz 
Output Leakage 
GND -S. V,-S. Vee, 
-10 
+10 
-10 
+10 
-10 
+ 10 
iJ.A 
Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., 
-300 
-300 
-300 
mA 


Circuit Currentl2] 
VOUT= GND 


Ice 
Vee Operating 
Vee = Max., 
120 
100 
80 
mA 


Supply Current 
lOUT= 0 mA 


ISBl 
Automatic CE1 
Max. Vee, CEI2. 
VIH. 
20 
20 
20 
mA 


Power-Down Current 
Min. Duty Cycle = 100% 


ISB2 
Automatic CE1 
Max. Vee, 
CE1 2. Vee - 0.3V, 
20 
20 
20 
mA 


Power-Down Current 
V'N 2. Vee - 0.3V or V1N-S. O.3V 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Notes: 
1. 
Y1L min. = -3.0Y 
for pulse durations 
less than 30 ns. 


2. 
Not more than 1 output 
should be shorted at one time. Dura,ion 
of 
the short circuit should not exceed 30 seconds. 


30PFr 
INCLUDING 
JIG AND -= 


SCOPE 
(a) 


THEVENIN 
EQUIVALENT 


167.0. 


5PFr 
INCLUDING 
J[GAND -= 
SCOPE 
(b) 
~ 


'0% 


••••. 
..s.. 5 ns 


CY7C185 
CY7C186 


7C185-20 
7C185-25 
7C185-35 
7C185-45 
7C185-55 
7C186·20 
7C186-25 
7C186-35 
7C186·45 
7C186-55 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
20 
25 
35 
45 
55 
os 


tAA 
Address 
to Data 
Valid 
20 
25 
35 
45 
55 
os 


Data 
Hold 
from 
5 
5 
5 
5 
5 
os 
toHA 
Address 
Chaoge 


tACEI 
CE, 
LOW 
to Data 
Valid 
20 
25 
35 
45 
55 
oS 


tACE2 
CE2 HIGH 
to Data 
Valid 
20 
25 
25 
30 
40 
os 


tDOE 
OE 
LOW 
to Data 
Valid 
10 
12 
15 
20 
25 
os 


tLZOE 
OE 
LOW 
to Low 
Z 
3 
3 
3 
3 
3 
os 


tHZOE 
OE 
HIGH 
to High 
ZI5l 
8 
10 
12 
15 
20 
oS 


tLZCEI 
CE, 
LOW 
to Low 
Z16] 
5 
5 
5 
5 
5 
os 


tLZCE2 
CE2 HIGH 
to Low 
Z 
3 
3 
3 
3 
3 
os 


CE, 
HIGH 
to High 
ZP,81 
8 
10 
15 
15 
20 
oS 
tHZCE 
CE2 LOW 
to High 
Z 


tpu 
CE, 
LOW 
to Power-Up 
0 
0 
0 
0 
0 
os 


tPO 
CEI HIGH 
to Power-Down 
20 
20 
20 
25 
25 
oS 


WRITE 
CYCLE!?] 


twc 
Write 
Cycle Time 
20 
20 
25 
40 
50 
os 


tSCEI 
CE, 
LOW 
to Write 
Eod 
15 
20 
25 
30 
40 
os 


tscE2 
CE2 HIGH 
to Write 
Eod 
15 
20 
20 
25 
30 
os 


tAW 
Address 
Set-Up 
to 
15 
20 
25 
30 
40 
os 


Write 
Eod 


tHA 
Address 
Hold 
from 
0 
0 
0 
0 
0 
os 


Write 
Eod 


tSA 
Address 
Set-Up 
to 
0 
0 
0 
0 
0 
os 


Write 
Start 


tpwE 
WE 
Pulse 
Width 
15 
15 
20 
20 
25 
oS 


tso 
Data 
Set-Up 
to Write 
Eod 
10 
10 
15 
15 
25 
os 


tHO 
Data 
Hold 
from 
Write 
Eod 
0 
0 
0 
0 
0 
os 


tHzwE 
WE 
LOW 
to High 
ZP) 
7 
7 
10 
15 
20 
os 


tLzwE 
WE 
HIGH 
to Low 
Z 
5 
5 
5 
5 
5 
os 


Notes: 
4. 
Test conditions assume signal transition time of 5 os or less, timing ref- 
erence levels of 1.5V. input pulse levels of 0 to 3.0V. and output load- 
ing of the specified 10LlloH and 30-pF load capacitance. 
5. 
tHZOE,tHZCE.and tHZWEare specified with CL = 5 pF as in part (b) 
of AC lest Loads. Transition is measured ±500 mV from steady state 
voltage. 
6. 
At any given temperature 
and voltage condition, 
1HZCE 
is less than 


fLZCE 
for any given device. 


7. 
The internal write time of the memory is defined by the overlap ofCEI 
LOW. CE2 HIGH. and WE LOW Both signals must be LOW to initi- 
ate a write and either signal can terminate 
a write by going BIGI I.The 


data input set-up and hold timing should be referenced 
to the rising 


edge of the signal that terminates 
the write. 
8. 
Device is continuously 
selected. 
OE. CE = V1L. CE2 = VIII. 


9. 
Address valid prior 10 or coincident with CE transition LOW. 


10. WE is IIlGH 
for read cycle. 


CY7C185 
CY7C186 


Switching Waveforms 


Read Cycle 
N_O_._1[8_'9_ 


1 
€-----------t,,-c------------.j ' 
_ 


ADDRESS 
lI' 


• 
-~HA~ 
--1 
_ 


DATAOUT----P-R-EV-I-O-U-S-D-A-T-A-V-A-L-ID--mXXX>K 
D_A_T_A_V_A_L_ID 
_ 


C185-6 fJI 


Read 
Cycle 
No. 2"°.111 


GE, 


luCE 
tpujt 
tpD~ 
Vcc 
ICC 


SUPPLY 
50% 
50% 


CURRENT 
---- 
Isa 


C1SS.7 


IrlZWE 
-...j 


---------D-A-T-A-U-N-D-E-F-IN-ED--------y 


12. If CE goes HIGH simultaneously 
with WEHIGH, 
the output remains 


in a high-impedance state. 


CY7C185 
CY7C186 


Switching Waveforms (continued) 


Write Cycle No.2 (CE Controlled) 
[9. 11. 121 


ADDRESS 


-eEl 


____ 
lrlZWEj 


- 
HIGH IMPEDANCE 
,----- 
DATA I/O 
DATA UNDEFINED 
•••••--------_< 
_ 


~ 
1.2 


J5 1.0 
a 
w 
N::;« 
::;: 
a: 
~ 
0.4 


0.2 


0.0 
4.0 


NORMALIZED 
SUPPLY CURRENT 


vs. SUPPLY VOLTAGE 
1.4 


4.5 
5.0 
5.5 


SUPPLY VOLTAGE M 


NORMALIZED 
ACCESS TIME 


vs. SUPPLY VOLTAGE 
1.4 


NORMALIZED 
SUPPLY CURRENT 


vs. AMBIENT 
TEMPERATURE 


1.2 


0 
2 0.8 
a 
wN::; 0.6 
« 
::;: 
a: 
0.4 
0 
Vcc = 5.0V 
Z 
V'N= 5.0V 
0.2 
ISB 


0.0 
M 
~ 
~ 
1~ 


AMBIENT TEMPERATURE (0C) 


NORMALIZED 
ACCESS TIME 
vs. AMBIENT 
TEMPERATURE 


1.6 


j 
1.3 
j 
1.4 
a 
1.2 
a 
w 
w 


N 
N 
1.2 
::; 
::; 
« 1.1 
« 


::;: 
::;: 
a: 
a: 
1.0 
0 1.0 
0 
z 
z 


0.9 


0.8 


4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE M 


0.6 
-55 
25 
125 


AMBIENT TEMPERATURE (0C) 


OUTPUT 
SOURCE 
CURRENT 


_ 
vs. OUTPUT 
VOLTAGE 


:[120 


f-z 100 
wa:a: 
=' 
U 
wU 
a: 
='5l 
40 


~ 
20 
§ 
0 
0.0 
1.0 
2.0 
3.0 


OUTPUT VOLTAGE M 


OUTPUT 
SINK CURRENT 


vs. OUTPUT 
VOLTAGE 


;;( 140 
.s 120 
f-z 
~ 
100 


a: 
i3 
80 
'"z 
60 
en 


~ 
40 
c- 


~ 
20 
o 


1.0 
2.0 
3.0 


OUTPUT VOLTAGE M 


CY7C185 
CY7C186 


TYPICAL POWER-oN 
CURRENT 


vs. SUPPLY VOLTAGE 
3.0 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT 
LOADING 
30.0 
Vcc ~ 5.0V 
TA 
~ 
25°C 
Vcc ~ 0.5V 


J 


----" 


g 2.5 


fiJ 
2.0 
N:J 
~ 
1.5 
II: 
~ 
1.0 


en 
c: 
- 
20.0 
J 
~ 
15.0 


wo 
10.0 


0.0 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY 
VOLTAGE 
M 


CE, 
CE, 
WE 
OE 
Inputs/Outputs 
Mode 


H 
X 
X 
X 
High Z 
Deselect/Power-Down 


X 
L 
X 
X 
High Z 
Deselect 


L 
H 
H 
L 
Data Out 
Read 


L 
H 
L 
X 
Data In 
Write 


L 
H 
H 
H 
HighZ 
Deselect 


200 
400 
600 
800 
1000 


CAPACITANCE 
(pF) 


0.50 
10 
20 
30 
40 


CYCLE 
FREQUENCY 
(MHz) 


Address 
Address 
Pin 


Name 
Function 
Number 


A4 
X3 
2 


AS 
X4 
3 


A6 
X5 
4 


A7 
X6 
S 


A8 
X7 
6 


A9 
YI 
7 


AIO 
Y4 
8 


All 
Y3 
9 


Al2 
YO 
10 


AO 
Y2 
21 


Al 
XO 
23 


A2 
Xl 
24 


A3 
X2 
25 


CY7C185 
CY7C186 


Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
Type 
Range 


20 
CY7CI85-20PC 
P21 
Commercial 


CY7CI85-20VC 
V21 


CY7CI85-20DC 
D22 


CY7CI85-20LC 
L54 


25 
CY7CI85-25PC 
P21 
Commercial 


CY7CI85-25VC 
V21 


CY7CI85-25DC 
D22 


CY7CI85-25LC 
L54 


35 
CY7C185-35PC 
P21 
Commercial 


CY7C185-35VC 
V21 


CY7C185-35DC 
D22 


CY7C185-35LC 
L54 


45 
CY7C185-45PC 
P21 
Commercial 


CY7C185-45VC 
V21 


CY7C185-45DC 
D22 


CY7C185-45LC 
L54 


55 
CY7C185-55PC 
P21 
Commercial 


CY7C185-55VC 
V21 


CY7C185-55DC 
D22 


CY7C185-55LC 
L54 


20 
CY7CI86-20PC 
P15 
Commercial 


CY7CI86-20DC 
D16 


25 
CY7CI86-25PC 
P15 
Commercial 


CY7CI86-25DC 
D16 


35 
CY7C186-35PC 
P15 
Commercial 


CY7C186-35DC 
D16 


45 
CY7C186-45PC 
P15 
Commercial 


CY7C186-45DC 
D16 


55 
CY7Cl86-55PC 
P15 
Commercial 


CY7C186-55DC 
D16 


----- 


CY7C185A 
CY7C186A 


8,192 x 8 Static R/W RAM 


Features 


• Automatic power-down when 


deselected 


• CMOS for optimum speed/power 
• 
High speed 
- 
20 ns 


• 
Low active power 
- 
688mW 


• 
Low standby Power 
- 
220mW 


• TTL-compatible 
imputs and outputs 
• Capable of withstanding 
greater than 


2001V electrostatic 
discharge 


Functional 
Description 


The CY7C185A and CY7C186A are high- 
performance 
CMOS 
static RAMs 
orga- 


nized as 8192 words by 8 bits. Easy memory 
expansion is...££ovided by an active WW 
chip enable (CE1), an active HIGH chip en- 
able (CE2), 
an active WW output enable 


(OE), and three-state drivers. Both devices 
have 
an automatic 
power-down 
feature 
(CE1), reducing the power consumption by 
68% when deselected. The CY7C185A is in 
the space saving 300-mil-wide DIP package 
and lead less chip carrier. 
The CY7C186A 
is in the standard 600-mil-wide package. 


Writing to the device is accomplished when 
the chip enable one (CE1) and write enable 
(WE) inputs are both LOW, and the chip 


enable two (CE2) input is HIGH. Data on the 
eight VO pins (1100 through 1107) is written 
into the memory location specificd on the 
address pins (Ao through A12). 
Reading the device is accomplished by taking 
c~ 
enable one (CE1) 
and output 
enable 


(OE) WW, while taking write enable (WE) 
and chip enable two (CE2) 
HIGH. 
Under 


these conditions, the contents of the memory 
location specified on the address pins will ap- 
pear on the 110 pins. 


The 
110 pins remain 
in hl&!:!-impedance 


state wh~chip 
enable one (CE,) or o~t 
enable (OE) is HIGH, or write enable (WE) 
or chip enable two (CE2) is LOW 
A die coat is used to insure alpha immunity. 


,. 


Pin Configurations 


D1PISOJ 
Top View 


NC 
28 
Vao 
•.. 
27 
WE 


A, 
26 
CE, 


". 
25 
Ac, 


A, 
24 
A, 


". 
8 
23 
A, 


A,. 
7 7C185 22 
OE 


A" 
8 7C166 21 
A,. 


An 
9 
20 
eEl 


A" 
10 
19 
va, 


IlOo " 


18 
Va. 


vo, 
12 
17 
1I0~ 


1/02 
13 
18 
I/O. 
GND 
14 
15 
1/03 


LCC 
C185A·2 


Top View 
.f.r.<'JlI~ 


321',2827 


NC 
4 
•• 
26 
CE, 


A, 
5 
25 
Ac, 


". 
8 
24 
A, 
A,. 
7 
23 
A, 


A" 
8 
7C185 
22 
OE 


An 
9 
7C18S 
21 
A,. 


A" 
10 
20 
CEI 
VO, " 


19 
I/O, 


VO, 
12 
18 
lto" 


1314151617 


NO 
(")..,.&() 
C185A·3 
gaggg 


7C185A-20 
7C185A-25 
7C185A-35 
7C185A-45 
7C185A-55 


7C186A-20 
7C186A-25 
7C186A-35 
7C186A-45 
7C186A-55 


Maximum Access Time (ns) 
20 
25 
35 
45 
55 


Maximum Operating 
Commercial 
125 
125 
125 
125 
125 
Current (mA) 
Military 
135 
125 
125 
125 
125 


Maximum Standby 
Commercial 
40/20 
30/20 
30/20 
30/20 
30/20 
Current (mA) 
Military 
40/20 
40/20 
30/20 
30/20 
30/20 


Maximum 
Ratings 


(Above 
whieh 
the useful 
life may be impaired. 
For user guidelines, 
not tested.) 


Storage 
Temperature 
- 65°C 
to + 150°C 
Static 
Diseharge 
Voltage 
> 200 IV 
Ambient 
Temperature 
with 
(per 
MIL-STD-883, 
Method 
3015) 


Power 
Applied 
- 55°C 
to + 125 °C 
Latch-Up 
Current. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . 
>200 mA 


Supply 
Voltage 
to Ground 
Potential 
Operating 
Range 


(pin 
28 to Pin 14) 
- 0.5V to + 7.0V 


DC Voltage 
Applied 
to Outputs 
in High 
Z State 
- 0.5V to + 7.0V 


DC Input 
Voltage 
- 3.0V to + 7.0V 


Output 
Current 
into 
Outputs 
(Low) 
20 mA 


Electrical 
Characteristics 
Over 
the Operating 
Rangel21 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Militaryl'l 
- 55°C 
to + 
125°C 
5V ± 
10% 


7C185A-20 
7C185A-25 
7C185A-35,45,55 
7C186A-20 
7C186A-25 
7Cl86A-35,45,55 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output 
HIGH 
Voltage 
V ce = Min., 
10H = - 4.0 mA 
2.4 
2.4 
2.4 
V 


VOL 
Output 
LOW 
Voltage 
Vee 
- 
Min., 
IOL - 
8.0 mA 
0.4 
0.4 
0.4 
V 


VIH 
Input 
HIGH 
Voltage 
2.2 
Vcc 
2.2 
Vcc 
2.2 
Vcc 
V 


V'L 
Input 
LOW 
VoltageI'I 
-3.0 
0.8 
-3.0 
0.8 
-3.0 
0.8 
V 


I,x 
Input 
Load 
Current 
GND.::;. 
V,.::;. Vee 
-10 
+10 
-10 
+10 
-10 
+10 
JJ.A 


loz 
Output 
Leakage 
GND.::;. 
V,.::;. Vee, 
-10 
+10 
-10 
+10 
-10 
+10 
JJ.A 
Current 
Output 
Disabled 


Ios 
Output 
Short 
Vce = Max., 
VoUT = GND 
-300 
-300 
-300 
mA 
Circuit 
Current!'1 


Ice 
V cc Operating 
Vee = Max. 
Com'l 
125 
125 
125 
mA 
Supply 
Current 
lOUT = 0 mA 
Mil 
135 
125 
125 
mA 


IsB! 
Automatic 
CE! 
Max. Vce, 
Com'l 
40 
30 
30 
mA 
Power-Down 
Current 
CE,~ 
VIH. 


Min. 
Duty 
Mil 
40 
40 
30 
mA 
Cycle = 100% 


ISB2 
Automatic 
CE, 
Max. Vec, 
Com'l 
20 
20 
20 
mA 
Power-Down 
Current 
CE, 
~ 
Vec -0.3V 
VIN~ 
Vcc-0.3V 
Mil 
20 
20 
20 
mA 
or V'N > 0.3V 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input 
Capacitance 
TA = 25°C, 
f = 1 MHz, 
10 
pF 


CoUT 
Output 
Capacitance 
Vcc = 5.0V 
10 
pF 


Notes: 
1. 
TA is the "instant on" case temperature. 
2. 
See the last page of this specification 
for Group A subgroup 
testing 


information. 
3. 
V'L (min.) = - 3.0V for pulse durations 
less than 30 ns. 
4. 
Not more than 1 output should be shorted at one time. Duration 
of 
the short circuit should no'l exceed 30 seconds. 
5. 
Tested initially and after maydosip 
or process changes that may affect 
these parameters. 
6. 
Test conditions assume signal transition time of 5 os or less, timing ref- 
erence levels of 1.5Y, input pulsc levels of 0 to 3.0V, and output load- 
ing of the specified IOL/IoH and 30-pF load capacitance. 


7. 
tHWE. tHZCE, and tHzwE are specified wi1h CL = 5 pF as in part (b) 
of ACTes1 Loads. Transition 
is mcasurcd 
± 500 mV from steady state 
voltage. 


8. 
At any given temperature 
and voltage condition, 
IHZCE 
is less than 


tLZCE for any given device. 
9. 
Device is continuously 
selected. 
DE, CE = V'L' CE2 = VIH. 


10. Address valid prior to or coincident with CE transition low. 
I!. WE is HIGH 
for read cycle. 


12. The internal write time of the memory is defined by the overlap ofCE, 


WW, CE2 HIGH, and WE Ww. Bo1h signals must be WW 10 initi- 
ate a write and either signal can terminate 
a write by going HIGH. The 


da1a input se1-up and hold timing should be rcfercnccd 
to 1he rising 


edge of the signal1hat 
terminates 
the write. 


13. Da1a 110 is high impedance 
if DE 
= VIII. 


14. (fCE goes HIGH simultaneously 
with WE HIGH, the output rcmains 


in a high-impedance 
sla1e. 


CY7C185A 
CY7C186A 


30PFr 
INCLUDING 
JIG AND -= 


SCOPE 
(a) 


THEVENIN 
EQUIVALENT 
167.n. 


5PFr 
INCLUDING 
JIG AND -= 
SCOPE 
(b) 
• 
7C185A-20 
7C185A-25 
7C185A-35 
7C185A-45 
7C185A-55 
7C186A-20 
7C186A-25 
7C186A-35 
7C186A-45 
7Cl86A-55 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ CYCLE 


tRC 
Read Cycle Time 
20 
25 
35 
45 
55 
ns 


tAA 
Address to Data Valid 
20 
25 
35 
45 
55 
ns 


!aHA 
Data 
Hold 
from Address 
3 
3 
3 
3 
3 
ns 
Change 


tACE' 
CE, WW 
to Data Valid 
20 
25 
35 
45 
55 
ns 


tACE2 
CE2 HIGH to Data Valid 
20 
25 
25 
30 
40 
ns 


tOOE 
OE LOW to Data Valid 
10 
12 
15 
20 
25 
ns 


tLWE 
OE LOW to Low Z 
3 
3 
3 
3 
3 
ns 


tHWE 
OE HIGH to High Z[7J 
8 
10 
12 
15 
20 
ns 


tLzcE' 
CE, LOW to Low ZI8J 
5 
5 
5 
5 
5 
ns 


tLZCE2 
CE2 HIGH to Low Z 
3 
3 
3 
3 
3 
ns 


tHZCE 
CE1 HIGH to High Z17,8J 
8 
10 
15 
15 
20 
ns 
CE2 LOW to High Z 


tpu 
CE, LOW to Power-Up 
0 
0 
0 
0 
0 
ns 


tpo 
CE, HIGH to Power-Down 
20 
20 
20 
25 
25 
ns 


WRITE CYCLEI9J 


twc 
Write Cycle Time 
20 
20 
25 
40 
50 
ns 


tSCE' 
CE, LOW to Writc End 
15 
20 
25 
30 
40 
ns 


tscE2 
CE2 HIGH to Write End 
15 
20 
20 
25 
30 
ns 


tAW 
Address Set-Up to 
15 
20 
25 
30 
40 
ns 
Write End 


tHA 
Address HoJd from 
0 
0 
0 
0 
0 
Write End 
ns 


tSA 
Address Set-Up to 
0 
0 
0 
0 
0 
ns 
Write Start 


tPWE 
WE Pulse Width 
15 
15 
20 
20 
25 
ns 


tso 
Data Set-Up to Write End 
10 
10 
15 
15 
25 
ns 


tHO 
Data Hold from Write End 
0 
0 
0 
0 
0 
ns 


tHzwE 
WE WW 
to High Z[7J 
7 
7 
10 
15 
20 
ns 


tLZwE 
WE HIGH to Low Z 
5 
5 
5 
5 
5 
ns 


CY7C185A 
CY7C186A 


Switching Waveforms 


Read Cycle No.1 
(9, 101 


Vcc 
SUPPLY 
CURRENT 


CY7C18SA 
CY7C186A 


Switching Waveforms 
(continued) 


Write Cycle No.2 (CE Controlled) 
[12, 
13, 14) 


tHZWE j 


DATA 1/0 --------D-A-T-A-U-N-D-E-F-IN-E-D-------- 
>__ H_I_G_H_I_M_P_ED_A_N_C_E_..I( 
.•• 
_ 


NORMALIZED 
SUPPLY CURRENT 


vs. SUPPLY VOLTAGE 
1.4 


Jl1.2 
jl1,O 
o 
~ 
0.8 


:J 
:Ii 0,6 
c:: 
~ 
0.4 


0.2 


0.0 
~O 
~5 
~O 
~5 


SUPPLY VOLTAGE M 


NORMALIZED 
ACCESS TIME 
vs. SUPPLY VOLTAGE 
1.4 


j 
1.3 
j 
1.4 


0 
1,2 
0 


w 
w 


N 
N 
1.2 
:J 
:J 


«: 
1,1 
«: 


::;: 
::;: 


c:: 
c:: 
1.0 
0 
1.0 
0 
z 
z 


0.9 


0.8 
4,0 
4,5 
5.0 
5,5 
6.0 


SUPPLY VOLTAGE M 


NORMALIZED 
SUPPLY CURRENT 


vs. AMBIENT 
TEMPERATURE 
1.2 


(; 
.2 
0.8 
0 
w 
N:J 
0.6 
«: 
::;: 
c:: 
0.4 
0 
Vcc = 5.0V 
Z 
V'N= 5.0V 
0.2 
IS8 


0.0 


-55 
25 
125 


AMBIENT TEMPERATURE (0C) 


0.6 
-55 
25 
125 


AMBIENT TEMPERATURE (0C) 


OUTPUT 
SOURCE 
CURRENT 


_ 
vs. OUTPUT 
VOLTAGE 


:[120 


!z 100 
w 
c:: 
c::::JU 
wU 
c::::J0 
40 
en 
f-::J 
20 
n. 
f-::J 
0 
0 
00 
1.0 
2,0 
3,0 
4,0 


OUTPUT VOLTAGE M 


OUTPUT 
SINK CURRENT 


vs. OUTPUT 
VOLTAGE 
« 140 
.s 120 
f-z 
~ 
100 


c::a 
80 


><:z 
60 


ii5 
~ 
n. 
f- 
::>o 


10 
2.0 
3,0 


OUTPUT VOLTAGE M 


CY7C185A 
CY7C186A 


TYPICAL POWER-ON CURRENT 


\'S. SUPPLY VOLTAGE 
3.0 


02.5 
~ 
0 2.0 
w 
N 
:::;« 1.5 
::<a:0 
1.0 
z 


0.5 
./ 
--" 


TYPICAL ACCESS TIME CHANGE 


\'S. OUTPUT LOADING 
30.0 


"' 
.s 20.0 
~ 
;;: 
15.0 


~ 
~ 
10.0 


CE1 
CEz 
WE 
OE 
Inputs/Outputs 
Mode 


H 
X 
X 
X 
High Z 
Deselect/Power-Down 


X 
L 
X 
X 
High Z 
Deselect 
L 
H 
H 
L 
Data Out 
Read 


L 
H 
L 
X 
Data In 
Write 


L 
H 
H 
H 
High Z 
Deselect 


0.0 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY 
VOLTAGE 
M 


Vcc = 5.0V 
TA = 25°C 
Vcc = 0.5V 


0.50 
10 
20 
30 
40 


CYCLE 
FREQUENCY 
(MHz) 


CY7C185A 
CY7C186A 


Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
1)'pe 
Range 


20 
CY7C185A-20PC 
P21 
Commercial 


CY7C185A-20VC 
V21 


CY7C185A-20DC 
D22 


CY7C185A-20LC 
1.54 


CY7C185A-20DMB 
D22 
Military 


CY7C185A-20LMB 
1.54 


CY7C185A-20KMB 
K74 


25 
CY7C185A-25PC 
P21 
Commercial 


CY7C185A-25VC 
V21 


CY7C185A-25DC 
D22 


CY7C185A-25LC 
1.54 


CY7C185A-25DMB 
D22 
Military 


CY7C185A-25LMB 
1.54 


CY7C185A-25KMB 
K74 


35 
CY7C185A-35PC 
P21 
Commercial 


CY7C185A-35VC 
V21 


CY7C185A-35DC 
D22 


CY7C185A-35LC 
1.54 


CY7C185A-35DMB 
D22 
Military 


CY7C185A-35LMB 
1.54 


CY7C185A-35KMB 
K74 


45 
CY7C185A-45PC 
P21 
Commercial 


CY7C185A-45VC 
V21 


CY7C185A-45DC 
D22 


CY7C185A-45LC 
1.54 


CY7C185A-45DMB 
D22 
Military 


CY7C185A-45LMB 
1.54 


CY7C185A-45KMB 
K74 


55 
CY7C185A-55PC 
P21 
Commercial 


CY7C185A-55VC 
V21 


CY7C185A-55DC 
022 


CY7C185A-55LC 
1.54 


CY7C185A-55DMB 
D22 
Military 


CY7C185A-55LMB 
1.54 


CY7C185A-55KMB 
K74 


Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
1)'pe 
Range 


20 
CY7C186A-20PC 
P15 
Commercial 


CY7C186A-20DC 
016 


CY7C186A-20DMB 
P15 
Military 


25 
CY7C186A-25PC 
P15 
Commercial 


CY7C186A-25DC 
D16 


CY7C186A-25DMB 
D16 
Military 


35 
CY7C186A-35PC 
P15 
Commercial 


CY7C186A-35DC 
016 


CY7C186A-35DMB 
D16 
Military 


45 
CY7C186A-45PC 
P15 
Commercial 


CY7C186A-45DC 
D16 


CY7C186A-45DMB 
D16 
Military 


55 
CY7C186A-55PC 
P15 
Commercial 


CY7C186A-55DC 
D16 


CY7C186A-55DMB 
D16 
Military 


CY7C185A 
CY7C186A 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


Vall 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1LMax. 
1,2,3 


II){ 
1,2,3 


Ioz 
1,2,3 


Ios 
1,2,3 


Icc 
1,2,3 


ISDl 
1,2,3 


ISB2 
1,2,3 


Address 
Address 
Pin 
Name 
Function 
Number 


A4 
X3 
2 


A5 
X4 
3 


A6 
X5 
4 


A7 
X6 
5 


A8 
X7 
6 


A9 
Y1 
7 


AIO 
Y4 
8 


All 
Y3 
9 


AI2 
YO 
10 


AO 
Y2 
21 


Al 
XO 
23 


A2 
Xl 
24 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


lAA 
7, 8, 9, 10, 11 


lallA 
7, 8, 9, 10, 11 


lACE! 
7, 8, 9, 10, 11 


tACE' 
7, 8, 9, 10, 11 


tDOE 
7, 8, 9, 10, 11 


WRITE 
CYCLE 


twc 
7, 8, 9, 10, 11 


tscEl 
7, 8, 9, 10, 11 


ISCE' 
7, 8, 9, 10, 11 


lAW 
7, 8, 9, 10, 11 


tllA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


IpWE 
7, 8, 9, 10, 11 


Iso 
7, 8, 9, 10, 11 


1110 
7, 8, 9, 10, 11 


-~.~ 
0:jj CYPRESS 
F 
SEMICONDUCTOR 
65,536 x 1 Static R/W RAM 


Features 


• 
Automatic power-down when dese- 
lected 


• 
CMOS for optimum speed/power 


• 
High speed 
- 
IS ns 


• 
Low active power 
- 
495mW 


• 
Low standby power 
- 
220mW 


• 
TTL compatible 
inputs and outputs 
• 
Capable of withstanding 
greater than 


2001V electrostatic 
discharge 


Reading the device is accomplished by tak- 
ing the ~ 
enable (CE) LOW, while write 


enable (WE) remains HIGH. Under these 
conditions, the contents of the memory lo- 
cation specified on the address pins will 
appear on the data output (DO) pin. 


The output pin stays inJ!!gh-impedance 
state when ch~nable 
(CE) is HIGH or 
write enable (WE) is LOW. 


The 7C187 utilizes a die coat to insure al- 
pha immunity. 


Functional 
Description 


The 
CY7C187 
is 
a 
high-performance 
CMOS static RAM organized 
as 65,536 
words x 1 bit. Easy memory expansion is 
~rovided by an active LOW chip enable 
(CE) 
and 
three-state 
drivers. 
The 
CY7C187 has an automatic power-<lown 
feature, reducing the power consumption 
by 56% when deselected. 
Writing to the device is accomplished when 
the chip enable 
(CE) and write enable 
(WE) inputs are both LOW. Data on the 
input pin (DI) is written into the memory 
location specified on the address pins (Ao 
through AlS). 


fII 


SOJ 
DIP 


Top View 
Top View 


Ao 
1 
24 
V"" 


Ao 
1 
22 
V"" 


A, 
2 
23 
A" 
A, 
2 
21 
A" 


A, 
3 
22 
Au 
A, 
3 
20 
Au 


Ao 
4 
21 
A" 
"" 
4 
19 
A" 


A" 
5 
20 
A" 
A" 
5 
18 
A" 


"" 
8 7C18719 
NC 
"" 
6 
7C18717 
A" 


NC 
7 
18 
A" 
Ao 
7 
16 
A" 


Ao 
8 
17 
A" 
A, 
8 
15 
Ao 


A, 
9 
16 
Po,. 
Do", 
9 
14 
Po,. 


Do", 
10 
15 
Po,. 
~ 
10 
13 
0.. 


~ 
11 
14 
0.. 
GND 
11 
12 
CE 
GND 
12 
13 
CE 


C,87·3 
C187-2 


Cerpack 
LeC 


Top View 
Top View 


NC 
24 
v"" 
.r~~; 


Ao 
23 
A" 
3 2~,-,222120 
A, 
22 
Au 
A, 
Au 


A, 
21 
A" 
"" 
4 
19 
A" 


"" 
5 
20 
A" 
A" 
5 
18 
A" 


A" 
6 7C18719 
A" 
A, 
6 
7C187 
17 
A" 


A, 
18 
NC 
Ao 
7 
16 
A" 
7 
A, 
8 
15 
Po,. 


Ao 
8 
17 
A" 
Do", 
9 
14 
Ao 


A, 
9 
16 
Po,. 
10111213 


Do", 
10 
15 
Ao 
I~~I~J 
WE 
11 
14 
0.. 


GND 
12 
13 
CE 
C187-5 


C1874 


7C187-15 
7C187-20 
7C187-25 
7C187-35 
7C187-45 


Maximum Access Time (ns) 
15 
20 
25 
35 
45 


Maximum Operating Current (mA) 
90 
80 
70 
70 
50 


Maximum Standby Current (mA) 
40/20 
20/20 
20/20 
20/20 
20/20 


! •••.••.••••••• 
u••••.•.•.••.•••603 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 
> 2OO1V 
Ambient Temperature 
with 
(per MIlrSTD-883, 
Method 3015) 
Power Applied 
- 55°C to + 125°C 
Latch-Up Current. 
> 200 mA 


Supply Voltage to Ground Potential 
Operating 
Range 
(Pin 22 to Pin 11) 
- O.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. . . . . . . . . . . . . . . . . . . . . . . . .. - 0.5V to + 7.0V 
DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Electrical 
Characteristics 
Over the Operating Range 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


7C187-15 
7C187-20 
7C187-25,35 
7C187-45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., 
2.4 
2.4 
2.4 
2.4 
V 
IOH = - 4.0 mA 


VOL 
Output LOW Voltage 
Vee = Min., 
0.4 
0.4 
0.4 
0.4 
V 
IOL = 12.0 mA 


VIH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
2.2 
Vee 
2.2 
Vee 
V 


V1L 
Input LOW Voltage[1) 
-3.0 
0.8 
-3.0 
0.8 
-3.0 
0.8 
-3.0 
0.8 
V 


Ilx 
Input Load Current 
GND~ 
VI~ 
Vee 
-10 
+10 
-10 
+10 
-10 
+10 
-10 
+10 
!-LA 


Ioz 
Output Leakage 
GND ~ 
VOJ<.Vee, 
-10 
+10 
-10 
+10 
-10 
+10 
-10 
+ 10 
!-LA 
Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., 
-350 
-350 
-350 
-350 
mA 
Circuit Currenti21 
VOUT= GND 


Ice 
Vee Operating 
Vee = Max., 
90 
80 
70 
50 
mA 
Supply Current 
lOUT= 0 mA 


Ism 
Automatic CE Power- 
Max. Vee, CE~ 
VIH 
40 
40 
20 
20 
mA 
Down Current131 


ISB2 
Automatic CE 
Max. Vee, 


Power-Down Current 
CE ~ 
Vee - 0.3V, 
20 
20 
20 
20 
mA 
V1N~ 
Vee - 0.3V 
orVIN~0.3V 


Parameters 
Description 
Test Conditions 
Max. 
Units 
C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 
COUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Notes: 
1. 
V1L min. = -3.0V for pulse durations 
less Ihan 30 ns. 
2. 
Not more than 1 output 
should be shorted at one time. Duration 
of 
the short circuit should not exceed 30 seconds. 


3. 
A pull-up resistor to Vee on the CE input is required 
to keep the de- 


vice deselected during Vcc power-up, otherwise ISBwill exceed values 
given. 


AC Test Loads and Waveforms 


R,32!l!1. 


(48cAMIl) 


INCLUDING 
JIG AND -= 


SCOPE 
(a) 


THEvENIN EQUIVALENT 


18?n 


R2 
202n 
(Rt 2ssn 
MIL) 


SPFr 
INCLUDING 
JIG AND = 
SCOPE 
(b) 


R2 
202n 
(R' 25Sfi 
MIL) 


3.0V~ 
90% 


10% 
GND 


.s.5 ns 
k: 


'0% 


.,;.5 ns 


Ct8?·? ill 


7C187-15 
7C187-20 
7C187-25 
7C187-35 
7C187-45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
15 
20 
25 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
15 
20 
25 
35 
45 
ns 


IoHA 
Output 
Hold 
from Address 
Change 
3 
5 
5 
5 
5 
ns 


tACE 
CE 
LOW 
to Data 
Valid 
15 
20 
25 
35 
45 
ns 


tLZCE 
CE 
LOW 
to Low 
Zl61 
3 
5 
5 
5 
5 
ns 


tHZCE 
CE 
HIGH 
to High 
Z [7.8] 
8 
8 
10 
15 
15 
ns 


tpu 
CE 
LOW 
to Power 
Up 
0 
0 
0 
0 
0 
ns 


tPD 
CE 
HIGH 
to Power 
Down 
15 
20 
20 
20 
25 
ns 


WRITE 
CYCLEI8] 


twc 
Write 
Cycle 
Time 
15 
20 
20 
25 
40 
ns 


tSCE 
CE LOW 
to Write 
End 
12 
15 
20 
25 
30 
ns 


tAW 
Address 
Set-up 
to Write 
End 
12 
15 
20 
25 
30 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
0 
0 
ns 


tSA 
Address 
Set-up 
to Write 
Start 
0 
0 
0 
0 
0 
ns 


tPWE 
WE 
Pulse 
Width 
12 
15 
15 
20 
20 
ns 


tSD 
Data 
Set-up 
to Write 
End 
10 
10 
10 
15 
15 
ns 


tHD 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
0 
0 
ns 


tLZWE 
WE 
HIGH 
to Low 
Z [8J 
5 
5 
5 
5 
5 
ns 


tHZWE 
WE 
LOW 
to High 
Z [8.9J 
7 
7 
7 
10 
15 
ns 


NOles: 
S. 
lest conditions assume signal transition time of 5 os or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified IOLlloH and 30-pF load capacitance. 


6. 
At any given temperature 
and voltage condition. 
tHZCE is less than 


tLZCE 
for any given device. 
7. 
tHZCE and lHZWEare specified with CL = 5 pF as in part (b) of AC 
Test Loads. nansition 
is measured 
± 500 mV from steady state 


voltage. 


8. 
The internal write time of the memory is defined by the overlap ofCE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate 
a write by going HIGH. The data input set- 


up and hold timing should be referenced 
to the rising edge of the signal 


that terminates the write. 


Switching Waveforms 


Read 
Cycle 
No. 
119.101 


t"c 


•••• 
.r 
, 
) 


1M 


IoHA 
-- 


PREVIOUS DATA VALID 
-XXXXX~ 
DATA VALID 


luCE 


HIGH IMPEDANCE 


Vcc 
SUPPLY 
CURRENT ____ 
lpU_=f 
~% 
>o~ 
ICC 
~% 


ISB 


luwE --j . 


HIGH IMPEDANCE --K===========~ 


Noles: 
9 
WE is HIGH 
for read cycle. 


10. Device is continuously 
selected. 
CE = V,L. 
11. Address valid prior to or coincident 
with CE transition Ww. 


12. If CE goes HIGH simuitaneouslywith 
WEHIGH, 
the output remains 


in a high-impedance 
state. 


Switching Waveforms (continued) 


Write Cycle No.2 (CE Controlled) 
(10,12) 


Iso 


DATA VALID 


fII 


______________ 
lti_lW_E_---1 
HIGH IMPEDANCE 


DATA UNDEFINED 
=::>1-------------------- 


NORMALIZED 
SUPPLY CURRENT 


>'S. SUPPLY VOLTAGE 
1.4 


'" 
.::: 1.2 


111.0 
ow 
N:J 
~ 
0.6 
a: 
~ 
0.4 


0.2 


0.0 
4.0 
4.5 
5.0 
5.5 


SUPPLY VOLTAGE M 


NORMALIZED 
ACCESS TIME 


>'S. SUPPLY VOLTAGE 
1.4 


NORMALIZED 
SUPPLY CURRENT 


>'S. AMBIENT 
TEMPERATURE 
1.2 


0 
.2 


0.8 
0 
w 
N:J 
0.6 
..: 
::;: 
a: 
0.4 
0 
Vcc = 5.OV 
Z 
V'N = 5.0V 
0.2 
IS8 


0.0 
-55 
25 
125 


AMBIENT TEMPERATURE (0G) 


) 
1.3 
)1.4 


0 
1.2 
0 
w 
w 


N 
N 
1.2 
:J 
:J 
..: 
1.1 
..: 


::;: 
::;: 


a: 
a: 
1.0 
0 
1.0 
0 
z 
z 


0.9 


0.8 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE M 


0.6 
-55 
25 
125 


AMBIENT TEMPERATURE (0G) 


OUTPUT 
SOURCE 
CURRENT 


_ 
>'S. OUTPUT 
VOLTAGE 


g120 


I-z 100 
wa:a:a 
wo 
a: 
::::l 
5l 
40 


~ 
20 
~o 
0 
0.0 
1.0 
2.0 
3.0 


OUTPUT VOLTAGE M 


OUTPUT 
SINK CURRENT 


>'S. OUTPUT 
VOLTAGE 


;:(140 


.s12O 
I-z 
~ 
100 
a:a 
80 


'"z 
60 
(jj 
~ 
~o 


1.0 
2.0 
3.0 


OUTPUT VOLTAGE M 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT 
LOADING 
_ 
30.0 
'".s 
.J. 25.0 


@ 
20.0 
N 
:::; 
::Ji 
15.0 
a:: 
~ 
10.0 


TYPICAL POWER-ON 
CURRENT 


\'S. SUPPLY VOLTAGE 


3.0 


g 2.5 


@ 
2.0 
N 
:::; 


::Ji 
1.5 
a:: 
~ 
1.0 


0.5 
./ 


--- 


"...,. 


0.0 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY 
VOLTAGE 
M 


Vcc = 5.0V 
TA = 25°C 
Vcc = 0.5V 


0.50 
10 
20 
30 
40 


CYCLE 
FREQUENCY 
(MHz) 


Address 
Address 
Pin 
Name 
Function 
Number 


AO 
X3 
1 


A1 
X4 
2 


A2 
X5 
3 


A3 
X6 
4 


A4 
X7 
5 


A5 
Y7 
6 


A6 
Y6 
7 


A7 
Y2 
8 


A8 
Y3 
14 


A9 
Y1 
15 


AlO 
YO 
16 


All 
Y4 
17 


A12 
Y5 
18 


Al3 
XO 
19 


A14 
Xl 
20 


A15 
X2 
21 


CE 
WE 
Inputs/Outputs 
Mode 


H 
X 
HighZ 
Deselect/Power-Down 


L 
H 
Data Out 
Read 


L 
L 
Data In 
Write 
.. 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
'fYpe 
Range 


15 
CY7C187-15PC 
1'9 
Commercial 


CY7C187-15VC 
VB 


CY7C187-15DC 
DID 


CY7C187-15LC 
L52 


20 
CY7C187-2OPC 
1'9 
Commercial 


CY7C187-2OVC 
V13 


CY7C187-2ODC 
DID 


CY7C187-2OLC 
L52 


25 
CY7C187-25PC 
1'9 
Commercial 


CY7C187-25VC 
V13 


CY7C187-25DC 
DID 


CY7C187-25LC 
L52 


35 
CY7C187-35PC 
1'9 
Commercial 


CY7C187-35VC 
VB 


CY7C187-35DC 
DlO 


CY7C187-35LC 
L52 


45 
CY7C187-45PC 
1'9 
Commercial 


CY7C187-45VC 
VB 


CY7C187-45DC 
DID 


CY7C187-45LC 
L52 


.===~_~~ 
-- 
? 
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• 
Automatic power-down when dese- 
lected 
• 
CMOS for optimum speed/power 
• 
High speed 
- 
15 ns 


• 
Low active power 


- 
440 mW 


• 
Low standby power 
- 
220mW 


• 
TTL-compatible 
inputs and outputs 
• 
Capable of withstanding 
greater than 
2001V electrostatic 
discharge 


Reading thedevice is accomplished by tak- 
ing the e~enable 
(CE) LOW, while write 


enable (WE) remains HIGH. Under these 
conditions, the contents of the memory 10- 
calion specified on the address pins will 
appear on the data output (DO) pin. 


The output 
pin stays inJ2igh-impedance 


state when eh~nahle 
(CE) is HIGH or 
write enable (WE) is LOW 


The 7C187A utilizes a die coat to insure al- 
pha immunity. 


Functional 
Description 


The 
CY7C187A 
is a high-performance 
CMOS static RAM organized 
as 65,536 
words by I bit. Easy memory expansion is 
provided by an active LOW chip enable 
(CE) 
and 
three-state 
drivers. 
The 
CY7CI87A has an automatic power-down 
feature, reducing the power consumption 
by 50% when deselected. 


Writing to the device is accomplished when 
the chip enable 
(CE) and write enable 
(WE) inputs arc both LOW 
Data on the 
input pin (DI) is wrillen into the memory 
location specified on the address pins (Ao 
through A15). 


Pin Configurations 


SOJ UV" 
DIP 


Top View 
Top View 


Ao ~ 
v" 
Ao 
2' 
vcc 
22 


A, 
23 
A" 
A, 
21 
A" 


A, 
22 
Au 
A, 
20 
Au 


A, 
21 
An 
A, 
19 
An 


A. 
5 
20 
A" 
A. 
5 
18 
A" 


A, 
6 7C187A 19 
NC 
A, 
6 7C187A 17 
A •• 


NC 
7 
18 
A •• 
"- 
7 
16 
A,o 


"- 
8 
17 
A" 
A, 
8 
15 
Ao 


A, 
9 
16 
Ao 
Ow> 
9 
,. 
"- 
Ow> 
10 
15 
"- 
WE 
10 
13 
0" 


WE 
11 
,. 
0" 
GNO 
11 
12 
CE 
GNO 
12 
13 
CE 


C187A-2 
C187A-3 


Cerpack "K" 
LCC 


Top View 
Top View 


0", 


NC 
1 
2' 
V" 
:<Jl~.;: 
Ao 
2 
23 
A" 
2 t'-,22212Q 
A, 
3 
22 
Au 
A, 
Au 


A, 
• 
21 
An 
Ao 
19 
A" 


A, 
5 
20 
A" 
A. 
18 
A" 


A. 
6 
7C187A 
19 
A •• 
A, 
7C167A 
17 
A •• 


A, 
18 
NC 
"- 


16 
A,o 
7 
A, 
15 
'" 
"- 
8 
17 
A" 
Ow> 
9 
,. "- 
A, 
9 
16 
A, 
1011 1213 


Ow> 
'0 
15 
A" 
1~~I15J 
WE 
11 
,. 
~ 
GNO 
'2 
13 
CE 
C187A·5 


C187A-4 


7C187A-15 
7C187A-20 
7C187A-25 
7CI87A-35 
7C187A-45 


Maximum Access Time (ns) 
15 
20 
25 
35 
45 


Maximum Operating 
Commercial 
90 
80 
80 
80 
80 
Current (mA) 
Military 
90 
80 
80 
80 
Maximum Standby 
Commercial 
40/20 
40/20 
30/20 
30/20 
30/20 
Current (mA) 
Military 
40/20 
40/20 
30/20 
30/20 


Maximum 
Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 
> 2OO1V 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
>200 mA 


Supply Voltage to Ground Potential 
Operating 
Range 


(Pin 22 to Pin 11) 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. 
. .. .. . .. .. . .. .. .. .. . . . 
- 0.5V to + 7.0V 


DC Input Voltage.. 
. .. .. . .. .. .. .. . .. 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


MilitaryP! 
- 55°C to + 125°C 
5V ± 10% • 


7C187A·15 
7C187A·20 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = - 4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee - Min 
I IOL - 8.0 mA 
Com'l 
0.4 
0.4 
V 


I IOL - 
12.0 mA 
Mil 
0.4 
0.4 
V 
VIH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
V 
V1L 
Input LOW VoltageLJj 
-3.0 
0.8 
-3.0 
0.8 
V 
II){ 
Input Load Current 
GND~ 
VI~ 
Vee 
-10 
+10 
-10 
+10 
J.l.A 


Ioz 
Output Leakage 
GND~ 
Vo~ 
Vee, 
-10 
+10 
-10 
+ 10 
J.l.A 
Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., VOUT= GND 
-350 
-350 
mA 
Circuit Current!41 


Ice 
Vee Operating 
Supply 
Vee - Max. 
Com'l 
90 
80 
mA 
Current 
lOUT= 0 mA 
Mil 
90 
IsB! 
Automatic CE 
Max. Vee, 
Com'l 
40 
40 
mA 


Power-Down Current!5! 
CE2. 
VIH 
Mil 
40 


ISB2 
Automatic CE 
Max. Vee, CE 2. Vee - 0.3V, 
Com'l 
20 
20 
mA 


Power-Down Current!5! 
V1N2. Vee - 0.3V or 
VIN~0.3V 
Mil 
20 


Notes: 
1. 
TA is the "instant on" case temperature. 
2. 
See the last page of this specification 
for Group A subgroup 
testing 


lOformatlOn. 
3. 
V1L min. = -3.0V 
for pulse durations 
less than 30 ns. 
4. 
Not more than 1 output 
should be shorted at one time. Duration 
of 


the short circuit should not exceed 30 seconds. 


5. 
A pull-up resistor to Vee on the CE input is required 
to keep the de- 


vice deselected during Vee power-up, otherwise ISB will exceed values 
given. 


6. 
lested 
initially and after any design or process changes that may affect 


these parameters. 
7. 
lest conditions assume signal transition 
time of 5 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified IOLlloH and 30-pF load capacitance. 


7C187A·25 
7C187A-35,45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min .• IoH - - 4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee - 
Min 
I IOL- 
12.0 mA 
ICom'l 
0.4 
0.4 
V 


IIoL - 8.0 mA 
IMil 
0.4 
0.4 
V 
VIH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
V 


V'L 
Input LOW Voltagel'1 
-3.0 
0.8 
-3.0 
0.8 
V 


II)( 
Input Load Current 
GND..s. V,..s. Vee 
-10 
+10 
-10 
+10 
j.lA 


loz 
Output Leakage 
GND..s. VOL Vee• 
-10 
+10 
-10 
+ 10 
j.lA 
Current 
Output Disabled 


Ios 
Output Short 
Vee = Max.• VOUT= GND 
-350 
-350 
mA 
Circuit Currentl4} 


Ice 
Vee Operating 
Supply 
Vee - Max. 
Com'l 
80 
80 
mA 
Current 
lOUT= 0 mA 
Mil 
80 
80 


ISB' 
Automatic CE 
Max. Vee• 
Com'l 
30 
30 
mA 


Power Down CurrentlS) 
CE~ 
VIH 
Mil 
40 
30 


ISB2 
Automatic CE 
Max. Vee, CE ~ Vee - 0.3V, 
Com'l 
20 
20 
mA 


Power Down CurrentlS) 
V'N ~ 
Vee - 0.3V or 
V'N ..s.0.3V 
Mil 
20 
20 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
lnpu t Capacitance 
TA=25°C,f= 
1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


30pF 


INCLUDlNG 
JIG AND = 


SCOPE 


(a) 


R2 
202!l. 
(255!l. Mil) 


5 pF 


INCLUDING 


JIG AND = 
SCOPE 
(b) 


R2 
202!l. 
1255!l.MII) 


ALL INPUT PULSES 


3'~~% 
Je: 
10% 
10% 


GND 
~ 
~5ns 


THEvENIN EQUIVALENT 
167!l. 


7CI87A-IS 
7C187A-20 
7C187A-2S 
7C187A-3S 
7C187A-4S 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
15 
20 
25 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
15 
20 
25 
35 
45 
ns 


IoHA 
Output 
Hold 
from Address 
Change 
3 
3 
3 
3 
3 
ns 


tACE 
CE 
LOW 
to Data 
Valid 
15 
20 
25 
35 
45 
ns 


tLZCE 
CE LOW 
to Low 
Zl81 
5 
5 
5 
5 
5 
ns 


tHZCE 
CE HIGH 
to High 
Z18.91 
8 
8 
10 
15 
15 
ns 


tpu 
CE LOW 
to Power-Up 
0 
0 
0 
0 
0 
ns 


tpo 
CE 
HIGH 
to Power-Down 
15 
20 
20 
20 
25 
ns 


WRITE 
CYCLE[IOj 


twc 
Write 
Cycle 
Time 
15 
20 
20 
25 
40 
ns 


tSCE 
CE LOW 
to Write 
End 
12 
15 
20 
25 
30 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
12 
15 
20 
25 
30 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
0 
0 
ns 


tPWE 
WE 
Pulse 
Width 
12 
15 
15 
20 
20 
ns 


tso 
Data 
Set-Up 
to Write 
End 
10 
10 
10 
15 
15 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
0 
0 
ns 


tLZWE 
WE 
HIGH 
to Low 
Z(8) 
5 
5 
5 
5 
5 
ns 


tHZWE 
WE 
LOW 
to High 
Z18.91 
7 
7 
7 
10 
15 
ns 


,. 


Notes: 
8. 
At any given temperature 
and voltage condition, 
tHZCE is less than 


tLZCE 
for any given device. 
9. 
tHZCE and tHzWE are specified with CL = 5 pF as in part (b) of AC 
Test Loads. 1tansition 
is measured 
± 500 mV from steady state 


voltage. 
10. The internal write time of the memo')' 
is defined by the overlap of CE 


illW 
and WEillW. 
Both signals must be illW 
to initiate a write and 


either signal can terminate 
a write by going HIGH. The data input set- 


Switching Waveforms 


Read 
Cycle 
No. 
111l.121 


up and hold timing should be referenced 
to the rising edge of the signal 


that terminates the write. 


11. WE is HIGH for read cycle. 
12. Device is continuously 
selected, 
CE = VtL. 


13. Address valid prior to or coincident 
with CE transition 
illW. 


14. IfCEgoesHIGH 
simultaneously 
with WE HIGH, 
the output remains 


in a high-impedance 
slate. 


IoHA 


PREVIOUS 
DATA VALID 


Switching Waveforms 


Read Cycle No. 2111,131 


lucE 


HIGH IMPEDANCE 


Vcc 


SUPPLY 
CURRENT 


tpu --I., 


--------/f' 
50% 
~~ 
ICC 


50% 


IS8 


C187A-9 


IWC 


ISCE 


lAW 
~A 


!PWE 


Iso 


DATA-IN VALID 


~~E 
~ 
luwE=k 
HIGH IMPEDANCE 


C187A·l0 


Iwc 


ISCE 


lAW 


!PWE 


Iso 


DATA-IN VALID 


~~E 


~ 


HIGH IMPEDANCE 


C167-11 


NORMALIZED 
SUPPLY CUIUlENT 


>So SUPPLY VOLTAGE 
1.4 


m 
~ 
1.2 


31.0 
ow 
N~< 
::;:a: 
~ 
0.4 


0.2 


0.0 


4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE M 


NORMALIZED 
ACCESS TIME 


>So SUPPLY VOLTAGE 
1.4 


j 
1.3 


@ 
1.2 
N~< 1.1 
::;: 
a: 
~ 
1.0 


0.9 


0.8 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE M 


TYPICAL POWER-QN 
CURRENT 


>So SUPPLY VOLTAGE 
3.0 


/ 
--", 


1 
25 


@ 
2.0 
N~ 
~ 
1.5 
a: 
~ 
10 


0.5 


0.0 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY VOLTAGE M 


NORMALIZED 
SUPPLY CUIUlENT 


>So AMBIENT 
TEMPERATURE 


1.2 


<; 
.2 


0.8 
0 
w 
N~ 
0.6 
< 
::;: 
a: 
0.4 
0 
Vcc = 5.0V 
Z 
V'N = 5.0V 
0.2 
IS8 


0.0 
-55 
25 
125 


AMBIENT 
TEMPERATURE 
1°C) 


j1.4 
owN 
1.2 
~< 
::;: 
a: 
1.0 
o 
Z 


0.6 


-55 
25 
125 


AMBIENT 
TEMPERATURE 
(0C) 


TYPICAL ACCESS TIME CHANGE 


>So OUTPUT 
LOADING 


30.0 


OUTPUT 
SOURCE 
CUIUlENT 


_ 
>So OUTPUT 
VOLTAGE 
1120 


I-z 100 
wa:a: 
::;) 
() 
• 


w() 
a: 
::;)g 
40 


~ 
20 


~ 
0 
0.0 
1.0 
2.0 
3.0 


OUTPUT VOLTAGE M 


OUTPUT 
SINK CURRENT 


>So OUTPUT 
VOLTAGE 


~ 
140 


S120 
I-z 
~ 
100 
a: 
i3 
80 


'<:Z 60 
(jj 


~o 


1.0 
2.0 
3.0 


OUTPUT VOLTAGE M 


Vcc = 5.0V 
TA = 25°C 
Vcc = 0.5V 


0.50 


10 
20 
30 
40 


CYCLE 
FREQUENCY 
(MHz) 


CE 
WE 
Inputs/Outputs 
Mode 


H 
X 
HighZ 
Deselect/Power-Down 


L 
H 
Data Out 
Read 


L 
L 
Data In 
Write 


Address 
Address 
Pin 


Name 
Function 
Number 


AO 
X3 
1 


Al 
X4 
2 


A2 
X5 
3 


A3 
X6 
4 


A4 
X7 
5 


AS 
Y7 
6 


A6 
Y6 
7 


A7 
Y2 
8 


A8 
Y3 
14 


A9 
Y1 
15 


A10 
YO 
16 


All 
Y4 
17 


A12 
Y5 
18 


A13 
XO 
19 


A14 
Xl 
20 


A15 
X2 
21 


Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
Type 
Range 


15 
CY7C187A-15PC 
P9 
Commercial 


CY7C187A-15VC 
V13 


CY7C187A-15DC 
OlD 


CY7C187A-15LC 
1.52 


20 
CY7C187A-20PC 
P9 
Commercial 


CY7C187A-20VC 
V13 


CY7C187 A-20DC 
DlO 


CY7C187A-20LC 
1.52 


CY7C187A-20DMB 
DlO 
Military 


CY7C187A-20LMB 
1.52 


CY7C187A-20KMB 
K73 


25 
CY7C187A-25PC 
P9 
Commercial 


CY7C187A-25VC 
V13 


CY7C187A-25DC 
DlO 


CY7C187A-25LC 
1.52 


CY7C187A-25DMB 
DlO 
Military 


CY7C187A-25LMB 
1.52 


CY7C187A-25KMB 
K73 


Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
Type 
Range 


35 
CY7C187A-35PC 
P9 
Commercial 


CY7C187A-35VC 
V13 


CY7C187A-35DC 
OlD 


CY7C187A-35LC 
1.52 


CY7C187A-35DMB 
DID 
Military 


CY7C187A-35LMB 
1.52 


CY7C187A-35KMB 
K73 


45 
CY7C187A-45PC 
P9 
Commercial 


CY7C187A-45VC 
V13 


CY7C187A-45DC 
DlO 


CY7C187A-45LC 
1.52 


CY7C187A-45DMB 
DID 
Military 


CY7C187A-45LMB 
1.52 


CY7C187A-45KMB 
K73 


• 


MILITARY SPECIFICATIONS 


Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V,LMax. 
1,2,3 


IIX 
1,2,3 


Ioz 
1,2,3 


Ios 
1,2,3 


Icc 
1,2,3 


IsB! 
1,2,3 


ISB2 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


IRC 
7, 8, 9, 10, 11 


lAA 
7, 8, 9, 10, 11 


!aHA 
7, 8, 9, 10, 11 


lACE 
7, 8, 9, 10, 11 


WRITE CYCLE 


Iwc 
7, 8, 9, 10, 11 


ISCE 
7, 8, 9, 10, 11 


lAW 
7, 8, 9, 10, 11 


IHA 
7, 8, 9, 10, 11 


lSA 
7, 8, 9, 10, 11 


IpWE 
7, 8, 9, 10, 11 


Iso 
7, 8, 9, 10, 11 


tHO 
7, 8, 9, 10, 11 


~_.~ 
-:jj 
CYPRESS 
F 
SEMICONDUCTOR 


Features 


• 
Fully decoded, 16 word x 4-bit high- 
speed CMOS RAMs 
• 
Inverting outputs CY7C189 
• 
Non-inverting 
outputs CY7C190 


• 
High speed 
- 
15 ns and 25 ns (commercial) 
- 
25 ns (military) 


• 
Low power 
- 303 mW at 25 ns 
- 
495 mW at 15 ns 


• 
Power supply 5V ± 10% 
• 
Advanced high-speed CMOS process- 
ing for optimum speed/power product 
• 
Capable of withstanding 
greater than 


2001V static discharge 


CY7C189 
CY7C190 


• 
Three-state 
outputs 
• 
TTL-compatible 
interface levels 


Functional 
Description 


The CY7C189 and CY7C19O are extreme- 
lyhigh performance 64-bit static RAMs or- 
ganized as 16words by 4 bits. Easy memory 
expansion iurovided 
by an active LOW 
chip select (CS) input and three-state out- 
puts. The devioesare provided with inverting 
(CY7CI89) and non-inverting (CY7CI9O) 
outputs. 


Writing to the device isaccomplished when 
the chip select (CS) and write enable (WE) 
inputs are both LOW Data on the four 
data inputs (Do through D3) is written into 
the memory location specified on the ad- 
dress pins (A.J through A3). The outputs 
are preconditioned 
such that the correct 
data is present 


Do 


0, 


0, 


0, 


00 
"" 


0, 
A, 


0, 
A, 


0, 


"" 
cs 


WE 


C189-1 


at the data outputs (00 through 03) when 
the write cycle is complete. This precondi- 
tion operation 
insures minimum write re- 
covery times by eliminating the "write re- 
covery glitch." 
Reading the device is accomplished by tak- 
ing ch~e1ect 
(CS) LOW, while write en- 
able (WE) remains HIGH. 
Under these 


conditions, the contents of the memory 10- 
eation specified on the address pins will 
appear 
on 
the 
four 
output 
pins (00 


through 03) in inverted 
(CY7CI89) 
or 


non-inverted 
(CY7CI9O) format. 


The four output pins remain in high-impe- 
dance state when~ 
select (CS) is HIGH 


or write enable (WE) is LOW • 


""cs 


WE 


Do 


{Dol Co 


D, 
{OIl 0, 


GND 


DIP 


Top View 


16 
15 


3 
,. 


4 7C189 
13 


5 7Cl90 12 
6 
11 


7 
10 


6 
9 


Vco 
A, 


A, 
A, 
0, 
03(03) 
0, 
O2(02) 


LCC 


Top View 


\!Irl.? ~.( 


WE 


_ 
0, 


(o,lOo 


0, 
NC 


32,112019 
• 
- - 
18 


5 
17 


6 
7C169 
16 


7 
7Cl90 
15 


8 


" 
9101"213 


NC 
A, 


""0, 
0,(0,1 


00 
NNO 
zooz 
-:'''-;'' 
1Q. 1Q. 


7C189-15 
7C189-25 


7C190-15 
7C190-25 
Maximum Access Time (ns) 
Commercial 
15 
25 


Military 
25 


Maximum Operating Current (mA) 
Commercial 
90 
55 


Military 
70 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 
. 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 
Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage to Ground Potential 
Operating 
Range 
(pin 16 to Pin 8) 
- O.5V to + 7.0V 


~~y~~t~~t~~Plied 
to. O.utP.u.ts 
_ 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


Output Current, into Outputs (Low) 
10 mA 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military!ll 
- 55°C to + 125°C 
5V ± 10% 


7C189-15 
7C189-25 
7C19D-15 
7C190-25 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., IOH = - 5.2 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min.,IoL = 16.0 mA 
0.45 
V 


VlH 
Input HIGH Voltage 
2.0 
Vcc 
2.0 
Vcc 
V 


V1L 
Input LOW Voltage 
- 3.0 
0.8 
- 3.0 
0.8 
V 


IIX 
Input Leakage Current 
GND~Vl~VCC 
- 10 
+10 
- 10 
+ 10 
ItA 


VCD 
Input Diode Clamp Voltage 
Note 3 
Note 3 


loz 
Output Leakage Current 
GND < Vo< Vcc 
-40 
+40 
-40 
+40 
itA 


Ios 
Output Short Circuit Current 
(41 
Vcc = Max., VOUT= GND 
-90 
- 90 
mA 


Ios 
Power Supply Current 
Vcc = Max., 
I Com'l 
90 
55 
mA 


lOUT= 0 mA 
I Mil 
70 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
7 
pF 


COUT 
Output Capacitance 
Vcc = 5.0V 
7 
pF 


Notes: 
1. 
TA is the "instant 
on" case temperature. 
2. 
See the last page of this specificationfor Group A subgroup testing 
information. 
3. 
The CMOS processdoes not provide a clamp diode. Howeverthese 
devicesare insensitiveto - 3V DC input levelsand - 5V undershoot 
pulsesof lessthan 5 ns (measured at 50% points). 


4. 
Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


5. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 


CY7C189 
CY7C190 


3'OV~ 
00% 


'0 


GND 


..:s. 5 ns 
k: 


'0% 


-,"5ns 
5PFI 


INCLUDING 


JIG AND 
_ 


SCOPE 
- 
(b) 


30 
PFI 


INCLUDlNG 


JIG AND 
_ 


SCOPE 
- 
(a) 


THEvENIN EQUIVALENT 


92.fl. 


7C189-1S 
7C189-2S 


7C190-1S 
7C190-2S 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
15 
25 
ns 


tAA 
Address 
to Data 
Validl71 
15 
25 
ns 


tAcs 
CS LOW 
to Data 
Valid171 
12 
15 
ns 


tHZCS 
CS HIGH 
to High 
Z18,9J 
12 
15 
ns 


tLZCS 
CS LOW 
to Low 
Z 
12 
15 
ns 


loHA 
Data 
Hold 
from 
Address 
Change 
5 
5 


WRITE 
CYCLEI'O, 
111 


twc 
Write 
Cycle 
Time 
15 
20 
ns 


tHzwE 
WE 
LOW 
to High 
Z18,91 
12 
20 
ns 


tLZWE 
WE 
HIGH 
to Low 
Z 
12 
20 
ns 


tAwE 
WE 
HIGH 
to Data 
Valid(7) 
12 
20 
ns 


tpwE 
WE 
Pulse 
Width 
15 
20 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
15 
20 
ns 


tHD 
Data 
Hold 
from 
Write 
End 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
ns 


Notes: 
6. 
Test conditions assume signal transition times of 5 os or less, timing 
reference 
levels of 1.5V, output 
loading of 'he spcified 10L/loll, and 
30-pF load capacitance, 
7, 
tAA, 'ACS, and tAwE are tested with CL = 30 pF as in part (a) of AC 
Test Loads, Timing is referenced 
to 1.5V on the inputs and outputs. 


8. 
'ltansition 
is measured 
at steady state HIGH level- 
500 mV or steady 


state LOW level + 500 mVon the output from 1.5V level on the input. 


9. 
tHZCSand tHzwE are tested with CL = 5 pF as in part (b) of AC Test 
Loads, 
10. Output is preconditioned 
to data in (inverted or non-inverted) 
during 


write to insure correct data is present on all outputs when write is ter- 
minated. 
(No write recovery glitch,) 


11. The internal write time of the memory is defined by the overlap of CS 


LOW and WE LOW, Both signals must be LOW to initiate a write and 
either signal can terminate the write. 


• 
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Switching Waveforms 


Read Cycle 


,"o'l,: ---~===-=--t-u-.c j 
x.... _ 


CHIP SELECT 


DATA 
OUTPUTS 
00 - 03 


-j-tSA_twc_~t~ 


00 - 03 


DATA OUTPUTS 
LOAD 


Notes: 
12. All measurements 
referenced 
to 1.5Y. 


13. TIming diagram represents one solution which results in optimum 


cycle time. Timing may be changed in various applications as long as 
the worst case limits are not violated. 


14. Transition is measured at steady state I1IGIIlcvcl- 
500 mV orsteady 
stateWW 
level + 500 mVon the output from 1.5V level on the input. 
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Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


15 
CY7C189-15PC 
PI 
Commercial 


CY7C189-15DC 
D2 


CY7C189-15LC 
L61 


25 
CY7CI89-25PC 
PI 
Commercial 


CY7CI89-25DC 
D2 


CY7CI89-25LC 
L61 


CY7CI89-25DMB 
D2 
Military 


CY7CI89-25LMB 
1.61 


Address 
Address 
Pin 
Name 
Function 
Number 


Ao 
AXO 
1 


AI 
AXI 
15 


A2 
AYO 
14 


A) 
AYI 
13 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


15 
CY7CI90-15PC 
PI 
Commercial 


CY7CI90-15DC 
D2 


CY7CI90-15LC 
L61 


25 
CY7CI9Q-25PC 
PI 
Commercial 


CY7CI90-25DC 
D2 


CY7CI90-25LC 
L61 


CY7CI90-25DMB 
D2 
Military 


CY7CI90-25LMB 
L61 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V'LMax. 
1,2,3 


I,x 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 
• 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


lACS 
7, 8, 9, 10, 11 


!aHA 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 
WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


IPWE 
7, 8, 9, 10, 11 


tAwE 
7, 8, 9, 10, 11 


tso 
7, 8, 9, 10, 11 


tHO 
7, 8, 9, 10, 11 


lSA 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


CY7B191 
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- 
F 
SEMICONDUCTOR 


Features 


• 
High speed 
- 
12 ns tM 


• Automatic power-down when 
deselected 
• Transparent 
write (78191) 


• 
BieMOS 
for optimum speed/power 
• Low active power 
- 
745mW 


• Low standby power 


- 
275mW 


• TTl~,compatible 
inputs and outputs 


65,536 X 4 Static R/W RAM 
with Separate I/O 


Functional 
Description 
The CY7B191 and CY7BI92 are high-per- 
formance BiCMOS static RAMs organized 
as 65.536 words by 4 bits with separate I/O. 
Easy memory expansion is.£!9vided by an 
active LOW chip enable (CE) and three- 
state driven;. Both devices have an auto- 
matic power-down 
feature. 
reducing the 


power consumption 
by more than 
55% 


when deselected. 


Writing to the device is accomplished 
by 
taking chip enable (CE) and write enable 
(WE) inputs LOW Data on the four input 
pins (10 through 
13) is written 
into the 
memory location specified on the address 
pins (Ao through A,s). 


Reading the device is accomplished by taking 
chip enable (CE) LOW while the write en- 
able (WE) remains HIGH. Under these con- 
ditions. the contents of the location specified 
on the address pins will appear on the four 
data output pins. 
The four output pins (00 through 03) are in 
a high-imPt<dance state when the device is 
deselecte~E 
HIGH) or during a write op- 


eration (WE and CE LOW). 


The CY7BI91 and CY7BI92 are available in 
lead less chip carrien; and in space-saving 
300-mil-wide DIPs, and SOJs. 


Logic Block Diagram 
Pin Configurations 
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-:t'j~!i1~80 
8191-3 


Selection 
Guide 


78191-12 
78191-15 
78191-20 


78192-12 
78192-15 
78192-20 


Maximum Access Time (ns) 
12 
15 
20 


Maximum Operating 
Commercial 
I35 
I35 
I35 
Current (mA) 
Military 
145 
145 


Maximum Standby 
Commercial 
50 
50 
50 
Current (mi\) 
Military 
60 
60 


CY7B191 
CY7Bl92 


Maximum 
Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage.. 
>200IV 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 
Power Applied.......... 
- 55°C to + 125°C 
Latch-Up Current............................ 
>200 mA 


Supply Voltage on Vcc Relative to GND!']. 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage App,!ied to Outputs 
in High Z State 
1] ................•...... 
- 0.5V to + 7.0V 


DC Input Voltage!') 
- 0.5V to + 7.0V 


Current into Outputs (LOW) 
20 mA 


Ambient 
Range 
Temperature!2] 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
- 55°C to + 125°C 
5V ± 10% 


78191-12 
78191-15,20 


78192-12 
78192-15, 
20 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min.,loH 
= - 4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
0.4 
V 


V'H 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
V 


V,L 
Input LOW Voltage!') 
-0.3 
0.8 
-0.3 
0.8 
V 


I,x 
Input Load Current 
GND..$.. V,..$.. Vee 
-10 
+10 
-10 
+10 
).lA 


Ioz 
Output Leakage 
GND..$.. V,..$..Vee, 
-10 
+10 
-10 
+10 
IJ.A 
Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., VOUT= GND 
-300 
-300 
mA 
Circuit Current(4) 


Ice 
Vcc Operating 
Vee = Max., lOUT= 0 mA, 
Com'l 
135 
135 
mA 
Supply Current 
f = fMAX = lltRe 
Mil 
145 


ISH, 
Automatic CE 
Max. Vee, CE 2:. VIH, 
Com'l 
50 
50 
mA 
Power-Down Current 
V1N2:. VIH or V1N..$..V'L, 


-TILlnputs 
f = fMAX 
Mil 
60 


ISB2 
Automatic CE 
Max. Vee, CE 2:. Vee - 0.3V, 
Com'l 
30 
30 
mA 
Power-Down Current 
V1N2:. Vee - 0.3V or V'N..$..0.3V, 
-CMOS 
Inputs 
f = 0 
Mil 
40 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C,f 
= 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Notes: 
1. 
V'L(min) 
= - 2.0V for pulse durations of lessthan 20 ns. 


2. 
TA is the "instant 
on" case temperature. 
3. 
See the last page of this specificationfor Group A subgroup testing 
information. 


4. 
Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 
5. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 
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AC Test Loads and Waveforms 


A1481!1. 


5V~ 
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SCOPE 
- 
- 


(a) 


THEVENIN 
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SCOPE 
- 
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78191-12 
7B191-15 
7B191-20 
7BI92-12 
7BI92-15 
7B191-20 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
12 
15 
20 
ns 


tAA 
Address 
to Data 
Valid 
12 
15 
20 
ns 


tOHA 
Data 
Hold 
from 
Address 
Change 
3 
3 
3 
ns 


tACE 
CE 
LOW 
to Data 
Valid 
12 
15 
20 
ns 


tLZCE 
CE 
LOW 
to Low 
Z(7] 
3 
3 
3 
ns 


tHZCE 
CE 
HIGH 
to High 
Z[7.81 
7 
8 
10 
ns 


tpu 
CE 
LOW 
to Power-Up 
0 
0 
0 
ns 


tpo 
CE 
HIGH 
to Power-Down 
12 
15 
20 
ns 


WRITE 
CYCLEI91 


twc 
Write 
Cycle 
Time 
12 
15 
20 
ns 


tSCE 
CE 
LOW 
to Write 
End 
9 
10 
15 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
9 
10 
15 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
9 
10 
15 
ns 


tso 
Data 
Set-Up 
to Write 
End 
7 
8 
10 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tLZwE 
WE 
HIGH 
to Low 
Z(7] 
2 
2 
2 
ns 


tHzwE 
WE 
LOW 
to High 
Z(7·81 
7 
7 
10 
ns 


towE 
WE 
LOW 
to Data 
Valid (7Bl91) 
12 
15 
20 
ns 


tOCE 
CE LOW 
to Data 
Valid (7Bl91) 
12 
15 
20 
ns 


tAov 
Data 
Valid 
to Output 
Valid (7B191) 
12 
15 
20 
ns 


Notes: 
6. 
Test conditions assume signal transition time of 3 os or less, timing ref- 
erence levels of l.Sy, input pulse levels of 0 to 3.0Y, and output load- 
ing of the specified IoLlloH and 20-pF load capacitance. 


7. 
At any given temperature 
and voltage condition, 
tHZCE is less than 


tLZCE and 
tHzwE 
is less than 
tLZWE. 


8. 
tHZCEand tHZWEare specified with a load capacitance 
of S pF as in 


part (b) of AC Test Loads. Transition 
is measured 
± SOO mV from 


steady state voltage. 


9. 
The internal write time of the memory is defined hy the overlap ofCE 
LDW and WE LDW Both signals must be LDW to initiate a write and 
either signal will terminate 
a write by going IIIGI I. The input data set- 


up and hold timing should be referenced 
to the rising edge of the signal 


that terminates 
the write. 


CY7B191 
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Switching Waveforms 


Read Cycle No. 
1(10.111 


*- 
tL.~ ~ 


DATA OUT ----P-R-EV-I-O-U-S-D-A-T-A-V-A-U-D-J-X--X--*================D=A=TA==V=A=U=D=========== 


Read Cycle No. 2111•121 


ADDRESS )( 
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tuCE 
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50 


-%-----------------lp-D :cICC 
SUPPLY 
50% 


CURRENT 
ISB 


8191-7 


Notes: 
10. Device is continuously 
selected. 
CE ; 
VIL. 


11. WE is HIGH 
for read cycle. 


12. Address valid prior to or coincident with CE transition low. 


13. IfCEgoes 
HIGH simultaneously 
with WE HIGH, 
the output remains 


in a high-impedance 
state. 
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Switching Waveforms 


Write Cycle No.2 (WE Controlled)I151 


CE 
WE 
00- 
OJ 
Mode 
Power 


H 
X 
HighZ 
Power-Down 
Standby (ISB) 


L 
H 
Data Out 
Read 
Active (Ice) 


L 
L 
HighZ 
7B192: 
Standard Write 
Active (Ice) 


L 
L 
Data In 
7B191: 
Transparent 
Write(l4) 
Active (Ice) 
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Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
Type 
Range 


12 
CY7B191-12PC 
P21 
Commercial 


CY7B191-120C 
022 


CY7Bl91-12YC 
Y21 


CY7Bl91-12LC 
1.55 


15 
CY7Bl91-15PC 
P21 
Commercial 


CY7B191-150C 
022 


CY7B191-15YC 
Y21 


CY7B191-15LC 
1.55 


CY7B191-150MB 
022 
Military 


CY7B191-15LMB 
1.55 


20 
CY7B191-2OPC 
P21 
Commercial 


CY7B191-200C 
022 


CY7B191-2OYC 
Y21 


CY7Bl91-2OLC 
1.55 


CY7Bl91-200MB 
022 
Military 


CY7B191-2OLMB 
1.55 


Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
Type 
Range 


12 
CY7B 192-12PC 
P21 
Commercial 


CY7B192-120C 
022 


CY7B192-12YC 
Y21 


CY7B192-12YC 
1.55 


15 
CY7B192-15PC 
P21 
Commercial 


CY7B192-150C 
022 


CY7B192-15YC 
Y21 


CY7B192-15LC 
1.55 


CY7Bl92-150MB 
022 
Military 


CY7B192-15LMB 
1.55 


20 
CY71l192-2OPC 
P21 
Commercial 


CY7B192-200C 
022 


CY7B192-2OYC 
Y21 


CY7B192-2OLC 
1.55 


CY7B192-200MB 
022 
Military 


CY7B192-2OLMB 
1.55 


fII 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1LMax. 
1,2,3 


IJX 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


ISBl 
1,2,3 
. 


ISB2 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


loHA 
7, 8, 9, 10, 11 


tACE 
7, 8, 9, 10, 11 


tOOE 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tSCE 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tPWE 
7, 8, 9, 10, 11 


tso 
7, 8, 9, 10, 11 


tHO 
7, 8, 9, 10, 11 


tOWE(1SI 
7, 8, 9, 10, 11 


tAoY 
7, 8, 9, 10, 11 


Notes: 
15. 78191 only. 
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65,536 x 4 Static R/W RAM 
Separate I/O 


Logic Block Diagram 
Pin Configurations 
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Features 


• 
Automatic power-down when 
deselected 
• 
Transparent 
write (7C191) 


• 
CMOS for optimum speed/power 


• 
High speed 
- 
tM = 25 ns 


• 
Low active power 
- 
660mW 


• 
Low standby power 
- 
193 mW 


• 
TTL-compatible 
inputs and outputs 


• 
Capable of withstanding 
greater than 
2001V electrostatic 
discharge 


Functional Description 
The CY7C191 and CY7Cl92 are high-per- 
formance CMOS static RAMs organized as 
65,536 x 4 bits with separate 
I/O. Easy 
memory expansion 
i~rovided 
by active 
LOW 
chip enable 
(CE) and three-state 
drivers. They have an automatic 
power- 
down feature, 
reducing 
the power con- 
sumption by 71% when deselected. 
Writing to the device is accomplished when 
t~chip 
enable 
(CE) and write enable 
(WE) inputs are both Law. 


Data on the four input pins (10 through 13) is 
written into the memory location specified 
on the address pins (Ao through Als) . 


Reading the device is accomplished by taking 
the chip enable (CE) LOW while the write 
enable (WE) reamins HIGH. 
Under these 


conditions the contents of the memory loca- 
tion specified on the address pins will appear 
on the four data output pins. 


The output pins stay iJ!.b.!gh-impedance state 
when write enable (\Y!D is LOW (7Cl92 
only), or chip enable (CE) is HIGH. 


A die coat is used to insure alpha immunity.• 
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7C191-25 
7C191-35 
7C191-45 
7Cl92-25 
7C192-35 
7C192-45 


Maximum Access Time (ns) 
25 
35 
45 


Maximum 0l)rating 
I 
Commercial 
120 
120 
120 
Current (mA 
I 
Military 
130 
130 
130 


Maximum Standby Current (mA) 
35 
35 
35 


CY7C191 
CY7C192 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage........................ 
>2001V 
Ambient Temperature 
with 
(per MIlrSTD-883, 
Method 3015) 
Power Applied 
- 55°C to + 125°c 
Latch-Up Current. 
. . . . . . . . . . . . . . . . . . . . . . . . . . .. 
> 200 mA 


Supply Voltage to Ground Potential 
Operating 
Range 


(pin 28 to Pin 14) 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. . . . . . . . . . . . . . . . . . . . . . • .. 
- 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.OV to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Ambient 


Range 
TemperatureP) 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
- 55°C to + 125°C 
5V ± 10% 


7CI91-25, 35, 45 
7CI92-25, 35, 45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., IOH = - 4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min., IOL = 8.0 mA 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vcc 
V 


V'L 
Input LOW Voltage 
-3.0 
0.8 
V 


I,x 
Input Load Current 
GND..$.. V,..$.. Vcc 
-10 
+10 
J.l.A 


loz 
Output Leakage 
GND..$.. Vo..$..Vcc, 
-10 
+10 
J.l.A 


Current 
Output Disabled 


los 
Output Short 
Vcc = Max., VOUT= GND 
-350 
mA 


Circuit Currenti3! 


Icc 
Vcc Operating Supply 
Vcc = Max..lOUT= 0 mA, 
I Com') 
120 
mA 


Current 
f = fMAX 
= lItRC 
I Mil 
130 


IsB! 
Automatic CE Power-Down 
Max. Vcc, CE 2. VIH• 
35 
mA 


Current- 
TTL Inputs 
V'N > VIHor V,N < V,L, f = fMAX 
ISB2 
Automatic CE Power-Down 
Max. Vcc, CE 2. Vcc - 0.3V, 
20 
mA 


Current-CMOS 
Inputs 
V'N > Vcc - 0.3V or V'N < 0.3V, f = 0 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C,f 
= 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vcc = 5.0V 
10 
pF 


Notes: 
1. 
TA is the "instant 
on" case temperature. 


2. 
See the last page of this specificationfor Group A subgroup testing 
information. 


3. 
Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


4. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 


CY7C191 
CY7C192 


AC Test Loads and Waveforms 
R'48,n 


5V 


OUTPUT 


5V 


OUTPUT 
3.0V~ 


GND <5:: 


00 


% 
~ 


10% 


....• 
:5.5 os 
5 


PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(b) 


30PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(a) 


THEVENIN EQUIVALENT 
167n 


7C191-25 
7C191-35 
7C191-45 


7C192-25 
7Cl92-35 
7Cl92-45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle Time 
25 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
25 
35 
45 
ns 


toHA 
Output 
Hold 
from 
Address 
Change 
3 
3 
3 
ns 


tACE 
CE LOW 
to Data 
Valid 
25 
35 
45 
ns 


tLZCE 
CE 
LOW 
to Low 
Z!61 
3 
3 
3 
ns 


tHZCE 
CE 
HIGH 
to High 
Z16,71 
13 
15 
20 
ns 


tpu 
CE 
LOW 
to Power-Up 
0 
0 
0 
ns 


tpo 
CE HIGH 
to Power-Down 
25 
35 
45 
ns 


WRITE 
CYCLE!SI 


twe 
Write 
Cycle 
Time 
25 
35 
45 
ns 


tSCE 
CE 
LOW 
to Write 
End 
20 
30 
40 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
20 
25 
35 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
20 
25 
30 
ns 


tso 
Data 
Set-Up 
to Write 
End 
15 
17 
20 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tLZWE 
WE 
HIGH 
to Low 
Z (7Cl92)l61 
3 
3 
3 
ns 


tHZWE 
WE 
LOW 
to High 
Z (7Cl92)l6. 
71 
13 
15 
20 
ns 


tAwE 
WE 
LOW 
to Data 
Valid (7C191) 
25 
30 
35 
ns 


tAov 
Data 
Valid 
to Output 
Valid (7C191) 
20 
30 
35 
ns 


Noles: 
S. 
Test conditions assumesignal transition time of 5 nsor less,timing ref- 
erence levels of 1.5V; input pulse levels of 0 to 3.0V; and output load- 
ing of the specified lod1oH 
and 30-pF load capacitance. 
6. 
At any given temperature 
and voltage condition, 
tUZCE is less than 
tLZCE, tHzwE 
is Jessthan tLZwE for any given device. These 
parame- 


ters are guaranteed 
and not 100% tested. 
7. 
tHZCE and tHZWEare specified with CL = 5 pF as in part (b) of AC 
Test Loads. Transition 
is measured 
± 500 mV from steady state volt- 


age. 
8. 
The internal write time of the memory is defined by the overlap of CE 
WW and WE WW Both signals must be WW to initiate a write and 


either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referenced 
to the rising edge of the signal 


that terminates the write. 


9. 
WE is HIGH for read cycle. 


10. Device is continuously 
selected, 
CE = V,L. 


II. 
Address valid prior to or coincident 
with CE transition 
low. 
12. If CE goes HIGH simultaneously 
with WE HIGH, the output remains 


in a high-impedance 
state (7CI92 
only). 


• 


Switching 
Waveforms 


Read 
Cycle 
No. 
119,101 


t=-'M 
~ 


PREVIOUS DATA VA~I: ==%XX *================D=A=T=A=V=A=lI=D=============*- 


Vcc 
SUPPLY 
CURRENT 


IuCE 
tpU=1 
tpD~ 
~~~~~~----------------- 
ICC 
_______ 
50% 
50% 
ISB 


IADV 31/ 
_ 
+--- 
DATA VALID 


CY7C191 
CY7C192 


Switching 
Waveforms 
(continued) 


Write Cycle No.2 (CE Controlled)I", 
121 
• 


DATA OUT 
DATA UNDEFINED 


(7C192) 
t_AW_E 
__ ~* 
DATA OUT 
---------- 
(7C191) 
DATA UNDEFINED 
D_A_TA_VA_L_ID 
__ 


NORMALIZED 
SUPPLY CURRENT 


\'S. SUPPLY VOLTAGE 
1.4 


Jl1.2 


Jl1.0 
ow 
N::J 
<>: 
::;: 
a: 
~ 
0.4 


0.2 


0.0 
4n 
~5 
~O 
~5 


SUPPLY VOLTAGE M 


NORMALIZED 
ACCESS TIME 


\'S. SUPPLY VOLTAGE 
1.4 


......•....• 


............... 
TA = 25°C 
-- - 


.J 1.3 


@ 
1.2 
N::J 
<>: 
1.1 
::;: 
a: 
~ 
1.0 


0.9 


0.840 
4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE M 


"' 
."! 
1.2 


() 
..Y 1.0 
o 
}tj 
0.8 
::J 
~ 
0.6 
a: 
~ 
0.4 


0.2 


0.0 
-55 
25 
125 


AMBIENT TEMPERATURE (0C) 


.J 1.4 
owN 
1.2 
::J 
<>: 
::;:a:oz 


0.6 
-55 
25 
125 


AMBIENT TEMPERATURE (0C) 


OUTPUT 
SOURCE 
CURRENT 


_ 
vs. OUTPUT 
VOLTAGE 


:[120 


!z 100 
wa:a: 
i3 
wU 
a:::J0 
40 
(f) 
I- 
::J 
20 
ll.I- 
::J 
0 
0 
0.0 
1.0 
2.0 
3.0 
4.0 


OUTPUT VOLTAGE M 


OUTPUT 
SINK CURRENT 


\'S. OUTPUT 
VOLTAGE 


~ 
140 


.s 120 
I-z 
~ 
100 
a: 
i3 
80 


><:z 
60 
iJj 
5 
ll. 
5o 


1.0 
2.0 
3.0 


OUTPUT VOLTAGE M 


CY7C191 
CY7C192 


TYPICAL POWER-ON 
CURRENT 


\'S. SUPPLY VOLTAGE 


3.0 


02.5 
.E- 
o 2.0 
w 
N:J« 1.5 
::; 
a:a 
1.0 
z 


0.5 
/ 


---- 


.-/" 


0.0 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY VOLTAGE M 


TYPICAL ACCESS TIME CHANGE 


\'S. OUTPUT 
LOADING 
30.0 


"' 
25.0 
.s 


:J: 20.0 


13 15.0 
w 
o 
10.0 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
'IYpe 
Range 


25 
CY7C191-25PC 
P21 
Commercial 


CY7C191-25VC 
V21 


CY7Cl91-25DC 
D22 


CY7C191-25LC 
L54 


35 
CY7Cl91-35PC 
P21 
Commercial 


CY7C191-35VC 
V21 


CY7C191-35DC 
D22 


CY7C191-35LC 
L54 


CY7C191-35DMB 
D22 
Military 


CY7Cl91-35LMB 
L54 


CY7Cl91-35KMB 
K74 


45 
CY7Cl91-45PC 
P21 
Commercial 


CY7Cl91-45VC 
V21 


CY7Cl91-45DC 
D22 


CY7Cl91-45LC 
L54 


CY7Cl91-45DMB 
D22 
Military 


CY7C191-45LMB 
L54 


CY7C191-45KMB 
K74 


J\ 


@ 1.00 
N:J«::; 
a: 
~ 075 


20 
30 
40 


CYCLE 
FREQUENCY 
(MHz) 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
'IYpe 
Range 


25 
CY7Cl92-25PC 
P21 
Commercial 


CY7C192-25VC 
V21 


CY7C192-25DC 
D22 


CY7C192-25LC 
L54 


35 
CY7C192-35PC 
P21 
Commercial 


CY7Cl92-35VC 
V21 


CY7Cl92-35DC 
D22 


CY7Cl92-35LC 
L54 


CY7Cl92-35DMB 
D22 
Military 


CY7Cl92-35LMB 
L54 


CY7Cl92-35KMB 
K74 


45 
CY7Cl92-45PC 
P21 
Commercial 


CY7Cl92-45VC 
V21 


CY7C192-45DC 
D22 


CY7Cl92-45LC 
L54 


CY7Cl92-45DMB 
D22 
Military 


CY7C192-45LMB 
L54 


CY7Cl92-45KMB 
K74 


CY7C191 
CY7Cl92 


MILITARY SPECIFICATIONS 
Group A Subgroup 
Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1LMax. 
1,2,3 


Ilx 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


ISB1 
1,2,3 


ISB2 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


taHA 
7, 8, 9, 10, 11 


tACE 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tSCE 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tPWE 
7, 8, 9, 10, 11 


tSO 
7, 8, 9, 10, 11 


tHO 
7, 8, 9, 10, 11 


tAWE[lJI 
7, 8, 9, 10, 11 


tAovllJ1 
7, 8, 9, 10, 11 


Note: 
13. 7C191 only 


• 


":_.~ 


'1jE 
CYPRESS 
iF 
SEMICONDUCTOR 
262,144 x 1 Static R/W RAM 


Reading the device is accomplished by ta~ 
chip enable K.§) and output 
enable (OE) 


LOW, while WE remains inactive or HIGH. 
Under these conditions, the contents of the 
location specified on the address pins is pres- 
ent on the data input/output 
pin (I/O). 


The input/output 
(I/O) is in a high-im~ 


dance when the device is deselected (S;E 
HIGH), 
the 
outputs 
are 
disabled 
(OE 


HIGH), or during a write operation (WE and 
CELOW). 
The CY7B193 is available in leadless chip 
carriers 
and in space-saving 
300-mil-wide 


DIPs and SOJs. 


Functional 
Description 
The 
CY7B193 
is 
a 
high-performance 
BiCMOS static RAM organized as 262,144 
words by 1 bit. Easy memory expansion is 
J)Tovided by an active LOW chip enable 
(CE), an active LOW output enable (OE), 
and three-state 
drivers. The device has an 


automatic 
power-down 
feature 
that 
re- 
duces its power consumption by more than 
50% when it is deselected. 
An active LOW write enable signal (WE) 
controls the writin~adin&..2QCration 
of 
the memory. When CE and WE inputs are 
both LOW, data on the input/output 
pin is 
written into the memory location specified 
on the address pins (Ao through A17). 


Features 


• High speed 
- 
tM = 12 ns 


• BiCMOS for optimum speed/power 
• Low active power 
- 
605mW 


• Low standby power 
- 
275mW 


• Automatic power-down when 
deselected 
• TTL-compatible 
inputs and outputs 


SOJ 


Top View 
-- 
1 
.........,28 
Vcr. 


Z 
27 
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3 
26 
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4 
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Au 
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24 
Au 
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7 78193 22 
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Au 
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NO 
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Ao 
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DE 
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CE 


6'93-3 


DIP 
Top View 


Ao 
~"'" 
24 
Va; 


AI223Al1 


Az 
3 
22 
AU1 


A:J 
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21 
A,s 


~ 
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20 
Au 


As 
6 
7819319 
AI3 


~ 
7 
18 
AI2 


A7 
8 
17 
A" 


Ae 
9 
16 
A10 


I/O 
10 
15 
Ao 


WE [ 
11 
14 
DE 
GND ( 
'2 
'3 
] 
CE 


A•• 
va 


A" 
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A" 


""A, 


A, 


"" 


CE 


WE 
DE 


8193-1 
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Top View 
.r.t~~~~; 
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7B193-12 
7B193-15 
7B193 20 


Maximum Access Time (ns) 
12 
15 
20 


Maximum O)rating 
Commercial 
110 
no 
no 
Current (mA 
Military 
120 
120 


Maximum Standby 
Commercial 
50 
50 
50 
Current (mA) 
Military 
60 
60 


Maximum 
Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
. 
- 65°C to + 150°C 
Static Discharge Voltage........................ 
>2OO1V 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied.............. 
- 55°C to + 125°C 
Latch-Up Current............................. 
>200 mA 


Supply Voltage on Vce Relative to GNDIII. 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage App,lied to Outputs 
in High Z State!) 
. . . . . . .. 
- O.5V to + 7.0V 


DC Input Voltagelll 
- 0.5V to + 7.0V 


Current into Outputs (LOW) 
20 mA 


Ambient 
Range 
Temperaturel21 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
- 55°C to + 125°C 
5V ± 10% ill 


7B193-12 
7BI93-15,20 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min.,IoH 
= - 4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
V 


V1L 
Input LOW Voltagel!) 
-0.3 
0.8 
-0.3 
0.8 
V 


IIX 
Input Load Current 
GND..$.. V,..$.. Vee 
-10 
+ 10 
-10 
+10 
~ 
loz 
Output Leakage 
GND..$.. V,..$..Vee, 
-10 
+10 
-10 
+10 
~ 
Current 
Output Disabled 


105 
Output Short 
Vee = Max., VOUT= GND 
-300 
-300 
mA 
Circuit Current!41 


Ice 
Vee Operating 
Vee = Max. ,lOUT = 0 mA, 
Com'l 
110 
110 
mA 
Supply Current 
f = fMAX= litRe 
Mil 
120 


IS81 
Automatic CE 
Max. Vee, CE ~ 
VIH, 
Com'l 
50 
50 
mA 
Power-Down Current 
V1N~ 
V1Hor V1N..$..V'L, 


- 
TTLlnputs 
f = fMA.x 
Mil 
60 


IS82 
Automatic CE 
Max. Vee, CE ~ 
Vee - 0.3V, 
Com'l 
30 
30 
mA 
Power-Down Current 
V1N~ 
Vee - 0.3V or V,N..$..0.3V, 
Mil 
40 
- 
CMOS Innuts 
f - 0 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C,N 
Input Capacitance 
TA = 25°C,f 
= 1 MHz, 
10 
pF 


CoUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Notes: 
1. 
V,L (min.) = - 3.0V for pulse durations 
of less than 20 ns. 


2. 
TA is the "instant 
on" case temperature. 
3. 
See the last page of this specification 
for Group A subgroup 
testing 
information. 


4. 
Not more than 1 output 
should be shorted at one time. Duration 
of 


the short circuit should not exceed 30 seconds. 


5. 
Tested initially and after any design or process changes that may affect 
these parameters. 


AC Test Loads and Waveforms 


R1481!l. 


5v 


OUTPUT 


5V 


OUTPUT 


20 
PFI 
INCLUDING 
JIG AND_ 


SCOPE 
- 
(a) 


THEvENIN EQUIVALENT 
167.0. 
""i-' 


5 
PFI 
INCLUDING 
JIG AND_ 


SCOPE 
- 
(b) 


3.0V~ 
90% 


10% 
GND 


.5.3 ns 
k 


10% 


~3ns 


7B193-12 
7B193-15 
7B193-20 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
12 
15 
20 
ns 


tAA 
Address 
to Data 
Valid 
12 
15 
20 
ns 


toHA 
Data 
Hold 
from 
Address 
Change 
3 
3 
3 
ns 


tACE 
CE LOW 
to Data 
Valid 
12 
15 
20 
ns 


tOOE 
OE 
LOW 
to Data 
Valid 
7 
10 
12 
ns 


tLZOE 
OE 
LOW 
to Low 
Zl8J 
2 
2 
2 
ns 


tHZOE 
OE 
HIGH 
to High 
ZP,8J 
7 
8 
10 
ns 


tLZCE 
CE LOW 
to Low 
ZPJ 
3 
3 
3 
ns 


tHZCE 
CE HIGH 
to High 
Z17,7 ) 
7 
8 
10 
ns 


tpu 
CE LOW 
to Power-Up 
0 
0 
0 
ns 


tPD 
CE 
HIGH 
to Power-Down 
12 
15 
20 
ns 


WRITE 
CYCLEI9,101 


twc 
Write 
Cycle 
Time 
12 
15 
20 
ns 


tSCE 
CE LOW 
to Write 
End 
9 
10 
15 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
9 
10 
15 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
9 
10 
15 
ns 


tso 
Data 
Set-Up 
to Write 
End 
7 
8 
10 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z[71 
2 
2 
2 
ns 


tHZWE 
WE 
LOW 
to High 
Z[7,81 
7 
7 
10 
ns 


Notes: 
6. 
lest conditions assume signal transition time of 3 os or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0'1, and output load- 
ing of the specified IOLlIoH and 20-pF load capacitance. 


7. 
tHZOE, tHZCE, and tHzwE are specified with a load capacitance 
of 5 


pF as in part (b) of AC Test Loads. 1ransition 
is measured 
± 500 mV 
from steady state voltage. 


8. 
At any given temperature 
and voltage condition, 
tHZCE 
is less than 
tLZCE. tHZOE is less than tLZOE, and tuzwE 
is less than tLzwE for any 


given device. 


9. 
The internal write time of the memory is defined by theover/ap 
ofCE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal will terminate a write by going HIGH. The input data set- 
up and hold timing should be referenced 
to the rising edge of the signal 
that terminates 
the write. 


10. The minimum write cycle timefor 
Write Cycle No.3 (WE Controlled, 


OE LOW) is the sum of tHzwE and tSD. 


t=-~~~ 


DATA OUT ----P-R-EV-I-O-U-S-D-A-T-A-V-A-L-ID-J-X--X--*================D=A=T=A=V=A=L1=D============= 


Switching Waveforms 


Read Cycle No. 
1[11.121 


luCE 


SUP~~ 
1pu_~ 
_-50-%---------------------tp-O-~ 
ICC 


CURRENT 
~ 
o%~ 
ISB 


ADDRESS 


CE 


t:----- 
Iso 


DATA 110 ----------------~ 
~ATA VALID 


.J •• 
~o~ 
__ 


8193-9 


Notes: 
II. 
Device is continuously 
selected. 
DE, CE = V1L• 
12. WE is HIGH 
for read cycle. 


13. Address valid prior to or coincident with CE transition low. 


14. Data 1/0 is high impedance 
if OE = V,H. 
IS. IfCEgoes 
HIGH simuitaneouslywith 
WE HIGH, 
the output remains 


in a high-impedance 
state. 


Switching Waveforms 


Write Cyele No.2 (WE Controlled, 
OE HIGH During Write)[t4,t5j 


CE 
WE 
OE 
I/O 
Mode 
Power 


H 
X 
X 
HighZ 
Power-Down 
Standby (IsB) 


L 
H 
L 
Data Out 
Read 
Active (Ice) 


L 
L 
X 
Data In 
Write 
Active (Ice) 


L 
H 
H 
High Z 
Selected, Output Disabled 
Active (Ice) 


Speed 
Package 
Operating 
(ns) 
Ordering 
Code 
lYpe 
Range 


12 
CY7Bl93-12PC 
P21 
Commercial 


CY7B193-120C 
022 


CY7B193-12YC 
Y21 


CY7B193-12LC 
1.55 


15 
CY7B193-15PC 
P21 
Commercial 


CY7B193-150C 
022 


CY7B193-15YC 
Y21 


CY7B 193-15LC 
1.55 


CY7B193-150MB 
022 
Military 


CY7BI93-15LMB 
1.55 


20 
CY7BI93-20PC 
P21 
Commercial 


CY7BI93-200C 
022 


CY7B193-20YC 
Y21 


CY7B193-20LC 
1.55 


CY7B193-200MB 
022 
Military 


CY7Bl93-20LMB 
1.55 
• 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


V,H 
1,2,3 


V,LMax. 
1,2,3 


I", 
1,2,3 
Ioz 
1,2,3 
Icc 
1,2,3 
IsB! 
1,2,3 
ISB2 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


toHA 
7, 8, 9, 10, 11 


tACE 
7, 8, 9, 10, 11 


tDOE 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tscE 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tPWE 
7, 8, 9, 10, 11 


tSD 
7, 8, 9, 10, 11 


tHD 
7, 8, 9, 10, 11 


~_.~ 


-:jH CYPRESS 
- 
F 
SEMICONDUCTOR 


Features 


• 
High speed 
- 
12 ns tM 


• 
8iCMOS for optimum speed/power 
• Low active power 


- 
743mW 


• Low standby power 


- 
275mW 


• Automatic power-down when 


deselected 


• Output enable (OE) feature 


(CY78195 and CY78196 only) 
• TTL-compatible 
inputs and outputs 


CY7B194 
CY7B195 
CY7B196 


65,536 X 4 Static R/W RAM 


Functional Description 
The CY7B194, 7B195. and CY7B196 are 
high-performance 
BiCMOS static RAMs 


organized as 65,536 words by 4 bits. Easy 
memory expansion i~ovided 
by an active 
LOW chip enable (CE1), 
an active LOW 


chip enable (CE2, CY7B196 only), an active 
LOW output enable (OE, CY7B195 and 
CY7B196 only), and three-state 
drivers. 


Both devices have an automatic 
power- 
down feature that reduces power consump- 
tion by more than 60% when deselected. 
Writing to the device i~ccomplished 
by 
takin~ 
enable one (CE1) and write en- 


able nYE) 
inputs LOW and chip enable 


two (CE2• CY7B196 only) input LOW Data 
on the I/O pin (1100 through 1103) is then 
written into the location specified on the 
address pins (Ao through AI5). 


A2 
110, 
A3~ 
As 
liD •• 


~ 
110, 


A8 
Ag 


IlOo 


Reading from the device is accomplished by 
takinlL£hip enable one (CE1), 
chip enable 


two (CE2, CY7B196. only), and output en- 
able (OE) LOW, while forcing write enable 
(WE) HIGH. 
Under these conditions, the 


contents of the memory location specified by 
the address pins will appear on the 1/0 pins. 


The four inpuVoutput pins (1/00 through 1/ 
03) 
are placed in a high-im~ance 
state 


when the device isdeselected (CE 1 HI GH, or 
CE2 HIGH CY7B196 only), the outputs are 
disableQl9E 
HIGH), or during a writeo~ 
ation (CE" 
CE2 CY7B196 only, and WE 
LOW). 
The CY7B194, CY7B195, and CY7B196 are 
available 
in leadless chip carriers 
and in 


300-mil-wide DIPs, and SOls. 


Pin Configurations 


DIP 
Top View 
,.. 
2. 
Va; 


A, 
23 
,.. 
,.. 
22 
A- 


I>-. 
21 
A, 


A" 
5 
20 
A, 


A" 
6 78194 
19 
A, 


A" 
7 
18 
Po" 


A" 
8 
17 
1/03 


A•• 
9 
16 
1102 


A" 
10 
15 
1/01 
EE, 
11 
1. 
1/0. 
GND 
12 
13 
WE 


WE 
(DE) (78195 and 
78196 
only) 


8194-2 


DIP/SOJ/SOIC 


Top View 


NC 
~ 
va; 


Ae 
27 
As 


A, 
26 
A. 


,.. 
25 
A, 


Ags 
24A2 


A,o 
6 
78196 23 
AI 


AI, 
7 
7819522 
Ao 


Al2 
8 
21 
~NC 
CEz (78196) 


A13 
9 
20 


A\4 
10 
19 
1103 
NC (78195) 
AI!> 
11 
18 
lID •• 


eE, 
12 
17 
110, 
OE 
13 
16 
1/00 


GND 
14 
15 
WE 


• 


SOJ/SOIC 
Top View 


~ 
Vex;; 


27 
,.. 
25 
A- 
25 
A, 


5 
24 
A" 


6 78194 23 
A, 


7 
22 
Po" 


8 
21 
NC 


9 
20 
NC 
10 
19 
1/03 


11 
18 
I/O•• 


12 
17 
I/O, 


13 
16 
1/0. 


14 
15 
WE 


78194-12 
78194-15 
78194-20 


78195-12 
78195-15 
78195-20 


78196-12 
78196-15 
78196-20 
Maximum Access Time (ns) 
12 
15 
20 


Maximum Operating 
Commercial 
135 
135 
135 
Current (mA) 
Military 
145 
145 


Maximum Standby 
Commcrcial 
50 
50 
50 
Current (mA) 
Military 
60 
60 


CY7B194 
CY7B195 
CY7B196 


LCC 
TopView 


(J 
Ji£~5i.>0:R~ 


LCC 
TopView 
(J 
r-- coo 
() 
010 .• 
et:CX:zz><r: 
'" 
4 
3 2 ~~:323130 
A, 
A,. 
5 
29 
A, 


A, 
I>,; 
6 
28 
A, 
A" 
7 
27 
NC 
A" 
8 
26 
tv, 
A" 
9 
78195 
25 
NC 
A" 
10 
78196 
24 
NC 
A•• 
11 
23 


1/03 
NC 
12 
22 
va, 
A" 
13 
21 


14 15 16 17 181920 


4 3 
2 ~~ 32 31 30 
A,. 
5 
29 
I>,; 
6 
28 
A" 
7 
27 
A" 
8 
26 
A" 
9 
78194 
25 
A" 
10 
24 
A•• 
11 
23 
NC 
12 
22 
A" 
13 
21 


14 15 16 17 1819 
20 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage............. 
>2001V 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 
Power Applied 
- 55°C to + 125°C 
Latch-Up Current............................. 
>200 mA 


Supply Voltage on Vee Relative to GND[IJ. 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage App,lied to Outputs 
in High Z State lJ 
. . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


DC Input Voltagell) 
- 0.5V to + 7.0V 


Current into Outputs (LOW) 
20 mA 


Ambient 
Range 
Temperature!') 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
- 55°C to + 125°C 
5V ± 10% 


7B194-12 
7B194-15, 20 


7B195-12 
7BI95-15, 
20 


78196-12 
7BI96-15, 20 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = - 4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
V 


VIL 
Input LOW Voltagellj 
-0.3 
0.8 
-0.3 
0.8 
V 


I,x 
Input Load Current 
GND < VI < Vee 
-10 
+ 10 
-10 
+10 
jlA 


Ioz 
Output Leakage 
GND~ 
VI~ 
Vee, 
-10 
+ 10 
-10 
+10 
MA 
Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., VOUT= GND 
-300 
-300 
mA 
Circuit Current(4) 


Ice 
Vee Operating 
Vee = Max. ,lOUT = 0 mA, 
Com'l 
135 
135 
mA 


Supply Current 
f = fMAX = lItRe 
Mil 
145 


IS81 
Automatic CE 
Max. Vee, CE or CE2 L VIH, 
Com'l 
50 
50 
mA 


Power-Down Current 
VINL VIHor VIN~ 
VIL, 


- TTL Inputs 
f = fMAX 
Mil 
60 


IS82 
Automatic CE 
Max. Vee, CE or CE2 L Vee - O.3V Com'l 
30 
30 
mA 


Power-Down Current 
V'N L Vec - 0.3V or VIN~ 
O.3V, 


- CMOS Inputs 
f = 0 
Mil 
40 


Notes: 
1. 
VIL(min.) = - 2.0V for pulse durations 
of less than 20 ns. 


2. 
TA 
is the "instant 
on" case temperature. 


3. 
Sce the last page of this specification 
for Group A subgroup 
testing 


information. 


4. 
Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


5. 
Tested initially and after any design or process changes that may affect 
these parameters. 


CY7B194 
CY7B195 
CY7B196 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input 
Capacitance 
TA = 25°C, 
f = 1 MHz, 
10 
pF 


COVT 
Output 
Capacitance 
Vcc 
= 5.0V 
10 
pF 


AC Test Loads and Waveforms 
R1481!1. 


5V~ 
OUTPUT 


20pF 
~n 


,NCLUOINGI 


JIG AND 
_ 
_ 


SCOPE 
- 
- 


5 
PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 


3'OV~ 
90% 


10% 


GND 


.s..3 os 
Je: 


10% 


.s.3 ns • 


(a) 


THEVENIN 
EQUIVALENT 
'67n 


7B194-12 
7B194-15 
7B194-20 
7B195-12 
7B195-15 
7B194-20 
7B196-12 
7B196-15 
7B196-20 


Parameters 
Description 
Min. 
I Max. 
Min. 
I Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
12 
15 
20 
ns 


tAA 
Address 
to Data 
Valid 
12 
15 
20 
ns 


toHA 
Data 
Hold 
from 
Address 
Change 
3 
3 
3 
ns 


tACE 
CE 
LOW 
to Data 
Valid 
12 
15 
20 
ns 


tOOE 
OE 
LOW 
to Data 
Valid 
7 
10 
12 
ns 


tLWE 
OE 
LOW 
to Low 
Zl8j 
2 
2 
2 
ns 


tHWE 
OE 
HIGH 
to High 
ZI1· 81 
7 
8 
10 
ns 


tLZCE 
CE 
LOW 
to Low 
Z18] 
3 
3 
3 
ns 


tHZCE 
CE 
HIGH 
to High 
Z17.8j 
7 
8 
10 
ns 


tpv 
CE 
LOW 
to Power-Up 
0 
0 
0 
ns 


tpD 
CE 
HIGH 
to Power-Down 
12 
15 
20 
ns 


WRITE 
CYCLEI9.IOj 


twc 
Write 
Cycle 
Time 
12 
15 
20 
ns 


tseE 
CE 
LOW 
to Write 
End 
9 
10 
15 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
9 
10 
15 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tpWE 
WE 
Pulse 
Width 
9 
10 
15 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
7 
8 
10 
ns 


tIlD 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tLzwE 
WE 
HIGH 
to Low 
ZI81 
2 
2 
2 
ns 


tHzwE 
WE 
LOW 
to High 
Z17.81 
7 
7 
10 
ns 


Notes: 
6. 
Test conditions assume signal transition time of 3 os or less, timing ref- 
erence levels of l.SY, inpu. pulse levels of 0 to 3.0Y, and output load- 
ing of the specified 10LlloH and 20-pF load capacitance. 


7. 
tHWE, tHZCE, and tHZWEare specified with a load capacitance 
of S 


pF as in part (b) of ACTest 
Loads. Transition 
is measured 
± SOOmV 


from steady state voltage. 


8. 
At any given temperature 
and voltage condition, 
tt-lZCE 
is less than 


lLZCE. 
tHWE 
is less than 
lLZOE. 
and IHZWE 
is less than 
tLZwE 
for any 
given device. 


9. 
The internal write time of the memory is defined by the overtapofCE, 
LOW, CE2 LOW and WE LOW All signals must be LOW to initiate 
a write and any signal will terminate 
a write by going HIGH. The input 


data set-up and hold timing should be referenced 
to the rising edge 


of the signal that terminates 
the write. 


10. The minimum write cycle time for Write Cycle No.3 (WEControlled, 


OE LOW) is the sum of tHzwE and tSD. 


CY7B194 
CY7B195 
CY7B196 


Switching Waveforms 


Read Cycle No. 111',121 t2-~~~ 


DATA 
OUT----P-R-E-V-10-U-S-D-A-T-A-V-A-L-ID-3-X--X--*================D=A=T=A=V=A=L=ID============= 


GE, 
GEz (78196) 


OE (78196 and 
78196 only) 


IuCE 


Vcc 
tpu=1------------------lp-O ~ 
ICC 
SUPPLY 
50% 
50% 


CURRENT ------ 
IS8 


GE, 
GEz (78196) 


I: 
tso 


DATA 
I/O----------------~-----D-A-T_A-V_A_L_ID------ 


Notes: 
11. Device is conlinuously 
selected. CE, (DE: 78195 
and 7B196, 
CE2: 
78196 
only) = VIL• 


12. WE is HIGH 
for read cycle. 
13. Address valid prior to or coincident with CE1 and CE2 Iransilion low. 


14. Data 1/0 is high impedance 
if DE = VIII' 
15. If CE1 (CE1 or CE2 on the 78196) 
goes HIGH 
simultaneously 
wilh 


WE HIGH, 
the oulpul 
remains in a high-impedance 
slate. 


CY7B194 
CY7B195 
CY7B196 


Switching 
Waveforms 


Write 
Cycle No.2 
(WE Controlled, 
OE HIGH 
During 
Write 
for 7B195 and 7B196 only)!14,15] 


N 
(7B195 and 
7B196 only) 


CY7B194 
CY7B195 
CY7B196 


CEI 
WE 
I/O. - I/O, 
Mode 
Power 


H 
X 
High Z 
Power-Down 
Standby (ISB) 


L 
H 
Data Out 
Read 
Active (Ice) 


L 
L 
Data In 
Write 
Active (Ice) 


CE, 
WE 
OE 
I/O. - I/O, 
Mode 
Power 


H 
X 
X 
High Z 
Power-Down 
Standby (IsB) 


L 
H 
L 
Data Out 
Read 
Active (Ice) 


L 
L 
X 
Data In 
Write 
Active (Ice) 


L 
H 
H 
High Z 
Selected, Output Disabled 
Active (Ice) 


CE, 
CEz 
WE 
OE 
Inputs/Outputs 
Mode 
Power 


H 
X 
X 
X 
High Z 
Power-Down 
Standby (IsB) 
X 
H 
X 
X 
High Z 
Power-Down 
Standby (ISB) 


L 
L 
H 
L 
Data Out 
Read 
Active (Ice) 


L 
L 
L 
X 
Data In 
Write 
Active (Ice) 


L 
L 
H 
H 
HighZ 
Selccted, Output Disabled 
Active (Ice) 


CY7B194 
CY7B195 
CY7B196 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


U 
CY7BI94-12PC 
P13 
Commercial 


CY7B194-120C 
014 


CY7B194-121£ 
L55 


CY7B194-12VC 
V21 


15 
CY7B194-15PC 
P13 
Commercial 


CY7B194-150C 
014 


CY7B 194-151£ 
L55 


CY7BI94-15VC 
V21 


CY7B194-150MB 
022 
Military 


CY7BI94-15LMB 
L55 


20 
CY7BI94-2OPC 
P13 
Commercial 


CY7B194-200C 
014 


CY7B194-201£ 
L55 


CY7B194-2OVC 
V21 


CY7B194-200MB 
022 
Military 


CY7BI94-2OLMB 
L55 


Speed 
Package 
Operating 
(ns) 
Ordering 
Code 
lYpe 
Range 


12 
CY7B 196-12PC 
P13 
Commercial 


CY7B 196-120C 
014 


CY7B196-121£ 
L55 


CY7BI96-12VC 
V21 


15 
CY7BI96-15PC 
P13 
Commercial 


CY7B196-150C 
014 


CY7B196-151£ 
L55 


CY7B196-15VC 
V21 


CY7B196-150MB 
022 
Military 


CY7BI96-15LMB 
L55 


20 
CY7BI96-2OPC 
P13 
Commercial 


CY7B196-200C 
014 


CY7B196-201£ 
L45 


CY7BI96-2OVC 
V21 


CY7B196-200MB 
022 
Military 


CY7BI96-2OLMB 
L55 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


12 
CY7B195-12PC 
P13 
Commercial 


CY7B 195-120C 
014 


CY7B195-121£ 
L55 


CY7B195-12VC 
V21 


15 
CY7B195-15PC 
P13 
Commercial 


CY7B195-15DC 
014 


CY7B195-151£ 
L55 


CY7B195-15VC 
V21 


CY7B195-150MB 
022 
Military 


CY7BI95-15LMB 
L55 


20 
CY7BI95-2OPC 
P13 
Commercial 


CY7B195-200C 
014 


CY7B195-201£ 
L55 


CY7BI95-2OVC 
V21 


CY7B195-200MB 
022 
Military 


CY7B195-2OLMB 
L55 


Ell 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1LMax. 
1,2,3 


II)( 
1,2,3 


Ioz 
1,2,3 
Icc 
1,2,3 


IS81 
1,2,3 


IS82 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


loHA 
7, 8, 9, 10, 11 


tACE 
7,8,9,10,11 


tDOE 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tSCE 
7, 8, 9, 10, 11 


tAw 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tpWE 
7, 8, 9, 10, 11 


tSD 
7, 8, 9, 10, 11 


tHD 
7, 8, 9, 10, 11 


-==-- ..:_.~ 


'fjj CYPRESS 
iF 
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CY7C194 
CY7C195 
CY7C196 


Features 


• Automatic power·down when 
deselected 
• Output Enable (OE) feature (7C195 


and 7C196) 


• CMOS for optimum speed/power 


• High speed 


- 
tM = 25 ns 


• 
Low active power 
- 
660mW 


• 
Low standby power 
- 
193 mW 


• TTL-compatible 
inputs and outputs 


• Capable of withstanding 
greater than 
2001V electrostatic 
discharge 


Functional Description 


Thc CY7C194, CY7C195, and CY7C196 
are high-performance 
CMOS static RAMs 


organized as 65,536 by 4 bits. Easy memory 
expansion is~ovided 
by active LOW chip 


enable(s) 
~E..2E 
the 
CY7C194 
and 


CY7C195, CEb CE2 on the CY7CI96) and 
three-state drivers. They have an automatic 
power-down 
feature, reducing the power 
consumption by 71% when deselected. 


Writing to the device is accomplished when 
the chip enable(s) (CE on the CY7C194 


wr 
(OEI 
(7C195 
and 


7C1960NlVj 


and CY7C195, C~CE2 
on the CY7C196) 


and write enable (WE) inputs are both LOW 
Data on the four input pins (IJOo through II 
03) is written into the memory location, spe- 
cified on the address pins (Ao through A15). 


Reading the device is accomplished by taking 
the chip enable~CE 
on the CY7C194 and 
CY7C195, CEb CE2 on the CY7Cl96) LOW, 
while write enable 
(WE) remains 
HIGH. 


Under these conditions the contents of the 
memory location specified on the address 
pins will appear on the four data output pins. 


Pin Configurations 


DIP/SO] 
Top View 


At; 
24 
Vcc 


A7 
23 
At. 


••• 
22 
A. 


••• 
21 
A, 


AIO 
5 
20 
A2 


All 
6 7Cl94 19 
AI 


All 
7 
18 
Ao 


A13 
8 
17 
V~ 


A,. 
9 
16 
1102 


A1s 
10 
15 
1101 


CE 
11 
14 
IlOo 


GND 
12 
13 
WE 


LCC 
Top View 


" 
<~~~ 


As 
4 
32t']282k 


A, 
5 
25 


A10 
6 
24 


All 
7 
23 
All 
8 
7Cl94 
22 
Al3 
9 
21 
Au 
10 
20 


Al~ 
11 
19 


CE 
12 
18 
1314151617 
~§~I~~ 


DIP/SO] 
Top View 


1~ 
Vcr; 


2 
27 
A!> 


3 
26 
A. 


4 
25 
A, 


5 
24 
At 


6 
7C19523 
A, 


7 7C196 22 
••• 


8 
21 
NC 
CEl 


9 
20 
-[ 
(7CI96) 


10 
19 
I/O, 
NC 


11 
18 
1102 
(7C195) 


12 
17 
1101 


13 
16 
VOo 


14 
15 
WE 


LCC 


Top View 
<~~~.f 


3 2.'.2827 
4 
.. 
26 A. 


5 
25 
A, 


6 
24 
A2 


7 
23 
A, 


~ ~g1~ ~~~ 
cr, 


10 
20 ::-C (7CI96) 


11 
19 
1/03 
NC 
12 
18 
110, 
(7CI95) 


1314151617 


1~~I~~g 


7C194-25 
7C194-35 
7C194·45 


7C195·25 
7C195·35 
7C195-45 


7C196-25 
7C196-35 
7C196-45 


Maximum Access Time (ns) 
25 
35 
45 


Maximum Operating 
I 
Commercial 
120 
120 
120 
Current (mA) 
I 
Military 
130 
130 


Maximum Standby Current (mA) 
35 
35 
35 


CY7C194 
CY7C195 
CY7C196 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 
. 
Ambient Temperature 
with 
(per MIL-STD-883, 
Method 3015) 
Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage to Ground Potential 
- O.5V to + 7.0V 
Operating 
Range 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 


DC Input Voltage 
- 3.0V to +7.0V 


Output Current into Outputs (Low) 
20 mA 


Ambient 


Range 
Temperature(l) 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
- 55°C to + 125°C 
5V ± 10% 


7C194-Z5, 35, 45 
7C195-Z5, 35, 45 
7C196-Z5, 35, 45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = - 4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
V 


V'L 
Input LOW Voltage 
, 
-3.0 
0.8 
V 


IIX 
Input Load Current 
GND..$.. V,..$.. Vcc 
. 
-10 
+ 10 
flA 


Ioz 
Output Leakage 
GND..$.. Vo..$.. Vee, 
-10 
+10 
fl.A 


Current 
Output Disabled 


105 
Output Short 
Vee = Max., VOUT= GND 
-350 
mA 


Circuit Current(3) 


Ice 
Vee Operating 
Vce = Max., lOUT= 0 mA, 
I Com'l 
120 
mA 


Supply Current 
f = fMAX= litRe 
r Mil 
130 


I'SB' 
Automatic CE Power-Down 
Max. Vee, CE'.2 L VIH,V'N L VIHor 
35 
mA 
Current- 
TTL Inputsl41 
V'N < V'L, f = fMAX 


I'SB2 
Automatic CE Power-Down 
Max. Vee, CE'.2 L Vee - 0.3V, 
20 
mA 


Current-CMOS 
Inputsl41 
V'N > Vee - 0.3V or V'N < 0.3V, f = 0 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C,f 
= 1 MHz, 
10 
pF 


CoUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Notes: 
1. TAis the "instant on" case temperature. 
2. 
See the last page of this specificationfor Group A subgroup tes'ing 
information. 


3. 
No' more 'han 1 output shouldbe shorted at one time. Duration of 
the short circuit should no' exceed 30 seconds. 


4. 
A pull-upresistor to Vee on the CE input isrequired to keep the de- 
vicedeselectedduringVee power-up,otherwiseISBwillexceedvalues 
given. 
5. 
Thstedinitiallyand after anydesignor processchangestha' mayaffect 
these parameters. 


CY7C194 
CY7C195 
CY7C196 


5V 


OUTPUT 


5V 


OUTPUT 


30PFI 


INCLUDING 


JIG AND 
_ 
SCOPE 
- 
(a) 


Equivalent 
to: 


5 


PFI 
INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(b) 


:::~% 
~ 


10% 


••• 
..:!O..5ns 
III 


7C194·2S 
7C194-3S 
7C194-4S 


7C19S·2S 
7C19S·3S 
7C19S-4S 


7C196·2S 
7C196·3S 
7C196·4S 


Parameters 
Description 
Min. 
I 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
25 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
25 
35 
45 
ns 


IoHA 
Output 
Hold 
from 
Address 
Change 
3 
3 
3 
ns 


tACE1, ACE2 
CE 
LOW 
to Data 
Valid 
25 
35 
45 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
7C195, 
7C196 
15 
20 
20 
ns 


tLZOE 
OE 
LOW 
to Low 
Z 
7C195,7C196 
3 
3 
3 
ns 


tHZOE 
OE 
HIGH 
to High 
Z18] 
7C195, 
7C196 
13 
15 
20 
ns 


tLZCEh 
eE2 
CE 
LOW 
to Low 
Z[7] 
3 
3 
3 
ns 


tHZCEh 
eE2 
CE 
HIGH 
to High 
Z[7,8] 
13 
15 
20 
ns 


tpu 
CE 
LOW 
to Power-Up 
0 
0 
0 
ns 


tpo 
CE HIGH 
to Power-Down 
25 
35 
45 
ns 


WRITE 
CYCLE[9j 


twc 
Write 
Cycle 
Time 
25 
35 
45 
ns 


tSCE 
CE LOW 
to Write 
End 
20 
30 
40 
ns 


tAw 
Address 
Set-Up 
to Write 
End 
20 
25 
35 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
20 
25 
30 
ns 


tso 
Data 
Set-Up 
to Write 
End 
15 
17 
20 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z[7] 
3 
3 
3 
ns 


tHzwE 
WE 
LOW 
to High 
Z[7,8J 
0 
13 
0 
15 
0 
20 
ns 


Notes: 
6. 
Test conditions assume signal transition 
time of 5 os or less, timing ref- 


erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified IOLlloH and 30 pF load capacitance. 
7. 
At any given temperature 
and voltage condition, 
tHZCE is less than 


tlZCE and tHzwE is less than tLzwE for any given device. 
8. 
tHZOE, tHZCE, and tHzwE are specified with CL = 5 pF as in part (b) 
of ACTest Loads. Transition is measured ± 500 mV from steady state 
voltage. 


9. 
The internal write time of the memory is defined by the overlap ofCEI 
WW, CEz WW, and WE WW All signals must be WW to initiate 
a write and any signal can terminate 
a write by going HIGH. The data 


input set-up and hold timing should be referenced 
to the rising edge 
of the signal that terminates 
the write. 


CY7C194 
CY7C195 
CY7C196 


Switching Waveforms 


Read Cycle No. 1110•11] 


loHA 


PREVIOUSDATAVALID 


OE 


(7C195 and 
7C196) 


Vcc 
SUPPLY 
CURRENT 


luCE 
~U-t 
---------1 
50% 
~~ 


ICC 
50% 
ISB 


!"ZWE --l 


DATAI/O --------O-A-T-A-U-N-O-E-F-IN-E-O---------> 


IuwE--l 


HIGHIMPEDANCE <============ 


Notes: 
10. WE is HIGH 
for read cycle. 
11. Device is continuously 
selected: CE, 
= V'L. CE2 = V,d7CI96). 
and 


OE = V.L(7CI95 
and 7CI96). 


12. Address valid prior to or coincident with CE1 and CE2 transition low. 


13. Data I/O will be high impedance 
if OE = VIH (7C195 and 7CI96). 


14. If any CE goes HIGH simultaneously 
with WE HIGH, 
the output re- 
mains in a high-impedance state. 


CY7C194 
CY7C195 
CY7C196 


Switching Waveforms 
(continued) 


Write Cycle No.2 (CE Controlled)19, 12, 14) 
• 


t,;ZWE -----l 


--------O-A-T-A-U-N-O-E-F-IN-E-O---j_I------H-IG-H-IM_P_E_O_A_N_C_E 
_ 


NORMALIZED 
SUPPLY CURRENT 
vs, SUPPLY VOLTAGE 
1.4 


~ 
1.2 
Jl1.0 
o 
w 
N::J« 
::;:a: 
~ 
0.4 


0.2 


0.0 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY 
VOLTAGE 
M 


NORMALIZED 
ACCESS TIME 
vs. SUPPLY VOLTAGE 
1.4 
J 1.3 


51 
1.2 
N::J« 1.1 
::;:a: 
~ 
1.0 


0.9 


0.8 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY 
VOLTAGE 
M 


NORMALIZED 
SUPPLY CURRENT 


vs. AMBIENT 
TEMPERATURE 


1.4 


o 
-91.0 
o 
~ 
0.8 
::J 
~ 
0.6 


a: 
~ 
0.4 


0.2 


0.0-55 
25 
125 


AMBIENT 
TEMPERATURE 
(0G) 


J1.4 
o 
W 
N 
1.2 
::J« 
::;:§ 10 
z 


0.6 
-55 
25 
125 


AMBIENT 
TEMPERATURE 
(0G) 


OUTPUT 
SOURCE 
CURRENT 


_ 
vs. OUTPUT 
VOLTAGE 
1120 


!z 100 
wa: 
a: 
::> 
() 


w() 
a: 
::>g 
40 
~ 
a. 
20 
~o 
0 
0.0 
1.0 
2.0 
3.0 


OUTPUT 
VOLTAGE 
M 


OUTPUT 
SINK CURRENT 
¥s. OUTPUT 
VOLTAGE 


<,140 
.s 120 
f-zli! 100 
a:a 
80 


'<:Z 
60 


Cii 
~ 
a. 
~o 


1.0 
2.0 
3.0 


OUTPUT 
VOLTAGE 
M 


TYPICAL POWER·ON 
CURRENT 


\'S. SUPPLY VOLTAGE 


3.0 


/ 
~ V 


02.5 
~ 
0 2.0 
w 
N 
:::; 
.q: 1.5 
:::E 
II:0 
1.0 
z 


0.5 


0.0 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY 
VOLTAGE 
M 


TYPICAL ACCESS TIME CHANGE 


\'S. OUTPUT 
LOADING 
30.0 


., 
25.0 


oS 


:J: 20.0 


~ 
15.0 
w 
o 10.0 


CE 
WE 
Data I/O 
Mode 


H 
X 
HighZ 
Deselect/Power-Down 


L 
H 
Data Out 
Read 


L 
L 
Data In 
Write 


CEI 
WE 
OE 
Data I/O 
Mode 


H 
X 
X 
HighZ 
Deselect/Power-Down 


L 
H 
L 
Data Out 
Read 


L 
L 
X 
Data In 
Write 


L 
H 
H 
High Z 
Deselect 


CEI 
CE, 
WE 
OE 
Data I/O 
Mode 


H 
X 
X 
X 
HighZ 
Deselect/Power- 


X 
H 
X 
X 
Down 


L 
L 
H 
L 
Data Out 
Read 


L 
L 
L 
X 
Data In 
Write 


L 
L 
H 
H 
HighZ 
Deselect 


NORMALIZED 
lee vs. CYCLE TIME 


1.25 


JS 
ITll.00 
N 
:::; 
.q: 
:::E 
II: 
~ 
0.75 


20 
30 
40 


CYCLE 
FREQUENCY 
(MHz) 


CY7C194 
CY7C195 
CY7C196 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
Type 
Range 


25 
CY7C194-25PC 
Pl3 
Commercial 


CY7C194-25VC 
Vl3 


CY7C194-25DC 
D14 


CY7C194-25LC 
1.54 


35 
CY7C194-35PC 
Pl3 
Commercial 


CY7C194-35VC 
Vl3 


CY7C194-35DC 
014 


CY7C194-35LC 
1.54 


CY7C194-35DMB 
D14 
Military 


CY7C194-35LMB 
1.54 


CY7C194-35KMB 
K73 


45 
CY7C194-45PC 
Pl3 
Commercial 


CY7C194-45VC 
Vl3 


CY7C194-45DC 
D14 


CY7C194-45LC 
1.54 


CY7C194-45DMB 
014 
Military 


CY7C194-45LMB 
1.54 


CY7C194-45KMB 
K73 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
lYpe 
Range 


25 
CY7Cl96-25PC 
P21 
Commercial 


CY7C196-25VC 
V21 


CY7C196-25DC 
D22 


CY7C196-25LC 
1.54 


35 
CY7C196-35PC 
P21 
Commercial 


CY7C196-35VC 
V21 


CY7C196-35DC 
D22 


CY7C196-35LC 
1.54 


CY7C196-35DMB 
022 
Military 


CY7C196-35LMB 
1.54 


CY7C196-35KMB 
K74 


45 
CY7C196-45PC 
P21 
Commercial 


CY7C196-45VC 
V21 


CY7C196-45DC 
D22 


CY7C196-45LC 
1.54 


CY7C196-45DMB 
D22 
Military 


CY7C196-45LMB 
1.54 


CY7C196-45KMB 
K74 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
Type 
Range 


25 
CY7C195-25PC 
P21 
Commercial 


CY7C195-25VC 
V21 


CY7C195-25DC 
D22 


CY7C195-25LC 
1.54 


35 
CY7C195-35PC 
P21 
Commercial 


CY7C195-35VC 
V21 


CY7C195-35DC 
022 


CY7C195-35LC 
1.54 


CY7C195-35DMB 
D22 
Military 


CY7C195-35LMB 
1.54 


CY7C195-35KMB 
K74 


45 
CY7C195-45PC 
P21 
Commercial 


CY7C195-45VC 
V21 


CY7C195-45DC 
D22 


CY7C195-45LC 
1.54 


CY7C195-45DMB 
D22 
Military 


CY7C195-45LMB 
1.54 


CY7C195-45KMB 
K74 


fII 


CY7C194 
CY7C195 
CY7C196 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VaH 
1,2,3 


VaL 
1,2,3 


VIH 
1,2,3 


V,LMax. 
1,2,3 


I,x 
1,2,3 
Iaz 
1,2,3 


Ias 
1,2,3 


Icc 
1,2,3 


ISBl 
1,2,3 


ISB2 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


taHA 
7, 8, 9, 10, 11 


tACE, 
ACE2 
7, 8, 9, 10, 11 


tDOE115] 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tSCE 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tPWE 
7, 8, 9, 10, 11 


tSD 
7, 8, 9, 10, 11 


tHD 
7, 8, 9, 10, 11 


tAwE 
7, 8, 9, 10, 11 


tADv 
7, 8, 9, 10, 11 


Nole: 
IS. 7CI95 and 7C196 
only. 


.-:_.~ 
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JF 
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Features 


• High speed 
- 
tM = 12 ns 


• BieMOS for optimum speed/power 
• 
Low active power 
- 
605mW 


• Low standby power 
- 
275mW 


• Automatic power-down when 
deselected 
• TTL-compatible 
inputs and outputs 


Functional Description 


The CY7B197 is a high-perfonnance 
Bi- 
CMOS static RAM organized as 262,144 
words by 1 bit. Easy memory expansion is 
Rrovided by an active LOW chip enable 
(CE) and three-state drivers. The CY7B197 
has an automatic power-down feature, re- 
ducing the power consumption 
by more 
than 50% when deselected. 
Writing to the device is accomplished by 
taking chip enable (CE) and write enable 
(WE) inputs LOW Data on the input pin 
(DIN) is written into the memory location 
specified on the address pins (Ao through 
Al7). 


Au 


A" 


A" 
A" 
•• 
A, 
Ow< 


A, 
•• 


E 


Pin Configurations 


DIP 
Top View 


1 
24 
Vo::. 


2 
23 
A17 


3 
22 
A'6 


4 
21 
Al!l 


5 
20 
Au 
6 
7619719 
Al3 


7 
18 
A12 


8 
17 
All 


9 
16 
A,O 


10 
15" 
11 
14 
0... 


12 
13 
CE 


8197-2 


Reading the device is accomplished by taking 
c.!!iQ.enable (CE) LOW while write enable 
(WE) remains HIGH. 
Under these condi- 
tions the contents 
of the memory location 


specified by the address pins will appear on 
the data output (DOUT)pin. 


The output pin (DOUT)is placed in a high-im- 
~dance 
state when the device is deselected 


(CE HIGH) or during a write operation (CE 
and WE LOW). 
The CY7B 197 is available in a lead less chip 
carrier and space-saving 3DO-mil-wideDIPs 
and SOJs. It utilizes a die coat to insure alpha 
immunity. 


ill 


SOJ 
Top View 
-;-v-; 


2 
27 
3 
26 


4 
25 
5 
24 


6 
23 
7 78197 22 
8 
21 
9 
20 


10 
19 


11 
18 
12 
17 


13 
16 


14 
15 


LCC 
Top View 
~.r~~~~; 


78197-12 
78197-15 
78197-20 


Maximum Access Time (ns) 
12 
15 
20 


Maximum Operating 
Commercial 
110 
110 
110 


Current (mA) 
Military 
120 
120 


Maximum Standby 
Commercial 
50 
50 
50 
Current (mA) 
Military 
60 
60 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 
. 


Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage on Vee relative to GNDllJ .. 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage Apy,lied to Outputs 
in High Z State lJ . . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


DC Input VoltageP] 
- 0.5V to + 7.0V 


Current into Outputs (LOW) 
20 mA 


Ambient 
Range 
Temperature(2) 
Vee 


Commercia! 
O°C to + 70°C 
5V ± 10% 


Military 
- 55°C to + 125°C 
5V ± 10% 


7B197-12 
7BI97-15, 
20 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = -4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 0.8 mA 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
V 


VIL 
Input LOW Vo!tage[I) 
-0.3 
0.8 
-0.3 
0.8 
V 


II)( 
Input Load Current 
GND..::;"VI"::;"Vee 
-10 
+10 
-10 
+10 
j.IA 


Ioz 
Output Leakage Current 
GND ..::;"Va..::;"Vee, Output Disabled 
-10 
+10 
-10 
+ 10 
~A 


Ios 
Output Short Circuit 
Vee = Max., VOUT= GND 
-300 
-300 
mA 
Current(4) 


Ice 
Vee Operating Supply 
Vee = Max., lOUT= 0 mA 
Com'! 
110 
110 
mA 
Current 
f = fMAX 
= lItRe 
Mi! 
120 
120 


ISBI 
Automatic 
CE 
Power- 
CE2. 
VIH, 
Com'l 
50 
50 
mA 
Down Current 
VIN2. VIHor VIN..::;"V1L 
-TTLlnputs 
Mil 
60 


ISB2 
Automatic 
CE 
Power- 
Max. Vee, CE 2. Vee - 0.3V, 
Com'! 
30 
30 
mA 


Down Current 
VIN2. Vee - 0.3V or VIN..::;,,0.3V, 


-CMOS 
Inputs 
f=O 
Mil 
40 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25°C,f= 
1 MHz 
10 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Notes: 
1. 
VIL (Min) = -2.0V 
for pulse durations 
of less than 20 ns. 


2. 
TA is the "instant 
on" case temperature. 


3. 
See the last page of this specification 
for Group A subgroup 
testing 
information. 


4. 
Not more than 1 output 
should be shorted 
at one time. Duration 
of 


the short circuit should not exceed 30 seconds. 


5. 
Tested initially and after any design or process changes that may affect 
these parameters. 


5V~Rl481n 


OUTPUT 


20pF 
~n 


INCLUDiNG I 


JIG AND 
_ 
_ 


SCOPE 
- 
- 


(a) 


5V 


OUTPUT 


5 
PFI 
INCLUDING 
JIG AND 
_ 
SCOPE 
- 
(b) 
::~% 
~ 


10% 


...• 
.s. 3 ns 


78197-12 
78197-15 
78197-20 


Parameters 
Description 
Min. 
I 
Max. 
I 
Min. 
I 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
12 
15 
20 
ns 


tAA 
Address 
to Data 
Valid 
12 
15 
20 
ns 


toHA 
Output 
Hold 
from 
Address 
Change 
3 
3 
3 
ns 


tACE 
CE 
LOW 
to Data 
Valid 
12 
15 
20 
ns 


tLZCE 
CE 
LOW 
to Low 
Z[71 
3 
3 
3 
ns 


tHZCE 
CE 
HIGH 
to High 
Z[7,81 
7 
8 
10 
ns 


tpu 
CE 
LOW 
to Power-Up 
0 
0 
0 
ns 


tPO 
CE 
HIGH 
to Power-Down 
12 
15 
20 
ns 


WRITE 
CYCLE(9j 


twc 
Write 
Cycle 
Time 
12 
15 
20 
os 


tSCE 
CE LOW 
to Write 
End 
9 
10 
15 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
9 
10 
15 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
os 


tpWE 
WE 
Pulse 
Width 
9 
10 
15 
ns 


tSO 
Data 
Set-Up 
to Write 
End 
7 
8 
10 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tLZWE 
WE 
HIGH 
to Low 
Z[71 
2 
2 
2 
ns 


tHZWE 
WE 
LOW 
to High 
Z[7,8) 
7 
7 
10 
ns 


Notes: 
6. 
lest conditions assume signal transition time of 3 os or less, timing ref- 
erence levels of 1.5V. input pulse levels of 0 to 3.0V, and output load- 
ing of the specified 10LIIoH and 20 pF load capacitance. 
7. 
At any given temperature and voltage condition, 
tHZCE 
is less than 


tLZCEand tHZWE is less than tLzwE for any given device. 
8. 
tHZCEand tHZWEare specified with a load capacitance 
of 5 pF as in 


part (b) in AC Test Loads and Waveforms. 
nansition 
is measured 
± 500 mV from steady state voltage. 


9. 
The internal write time of the memory is defined by the overlap of CE 
WWand 
WE WW. Both signals must be WW to initiate a write and 


either signal will terminate 
a write by going HIGH. The data input set- 


up and hold timing should be referenced 
to the rising edge of the signal 
that terminates 
the write. 


Switching Waveforms 


Read Cycle No. 11'0.11] 


ADDRESS =>< 
X... 
_ 


CE 


IuCE 


HIGH IMPEDANCE 


VCC 
SUPPLY 
CURRENT 


tpu jt 
tpD:t 
ICC 


~% 
W% 
-------- 
IS8 


Notes: 
10. WE is HIGH 
for read cycle. 
11. Device is continuously 
selected. 
CE = V'L' 
12. Address Valid prior to or coincident 
with CE transition WW 


13. If CE goes HIGH simultaneously 
with WE HIGH. the output remains 


in a high-impedance 
state. 


Switching 
Waveforms 
(continued) 


Write Cycle No.2 (WE ControJled}I13] 


• 


luwE--l 


HIGHIMPEOANCE<~_-_-_-_-_-_-_-_-_-_-_ 


ftiZWE j 


---------O-A-TA-U-N-O-EF-\-NE-O-------- 
> 


CE 
WE 
Dour 
Mode 
Power 


H 
X 
HighZ 
Deselect/Power-Down 
Standby (lS8) 


L 
H 
Data Out 
Read 
Active (Ice) 


L 
L 
HighZ 
Write 
Active (Ice) 


Speed 
Package 
Operating 


{ns} 
Ordering Code 
'JYpe 
Range 


12 
CY7B197-12PC 
Pl3 
Commercial 


CY7B197-12VC 
V21 


CYm197-12DC 
D14 


CYm197-12LC 
L55 


15 
CymI97-15PC 
P13 
Commercial 


CymI97-15VC 
V21 


CYm197-15DC 
D14 


CY7B197-15LC 
L55 


CY7BI97-15DMB 
D14 
Military 


CY7BI97-15LMB 
L55 


Speed 
Package 
Operating 
{ns} 
Ordering Code 
'JYpe 
Range 


20 
CYmI97-2OPC 
Pl3 
Commercial 


CY7BI97-2OVC 
V21 


CY7B197-2ODC 
D14 


CY7B197-2OLC 
197-1:.55 


CYmI97-2ODMB 
014 
Military 


CYm197-2OLMB 
L55 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VILMax. 
1,2,3 


IIX 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


IsB! 
1,2,3 


ISB2 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


IRC 
7, 8, 9, 10, 11 


lAA 
7, 8, 9, 10, 11 


toHA 
7, 8, 9, 10, 11 


lACE 
7, 8, 9, 10, 11 


WRITE CYCLE 


lwc 
7, 8, 9, 10, 11 


ISCE 
7, 8, 9, 10, 11 


lAW 
7, 8, 9, 10, 11 


IHA 
7, 8, 9, 10, 11 


lSA 
7, 8, 9, 10, 11 


IpWE 
7, 8, 9, 10, 11 


Iso 
7, 8, 9, 10, 11 


IHO 
7, 8, 9, 10, 11 


---- ~_.~ 


0:jj CYPRESS 
iF 
SEMICONDUCTOR 
262,144 x 1 Static R/W RAM 


Features 


• Automatic power-down when 
deselected 
• CMOS for optimum speed/power 


• High speed 
- 
20ns 


• 
Low active power 
- 
550mW 


• 
Low standby power 
- 
193mW 


• TTL-compatible 
imputs and outputs 
• Capable of withstanding 
greater than 
2001V electrostatic 
discharge 


Functional 
Description 
The 
CY7C197 
is 
a 
high-performance 
CMOS static RAM organized as 262,144 
words by 1 bit. Easy memory expansion is 
Ilrovided by an active LOW chip enable 
(CE) and three-state drivers. The CY7C197 
has an automatic power-<lown feature, re- 
ducing the power consumption 
by 65% 
when deselected. 


Writing to the device is accomplished when 
t~chip 
enable 
(CE) and write enable 
(WE) inputs are both WW Data on the in- 
put pin (DIN) iswritten into the memory lo- 
cation specified on the address pins (Ao 
through Al7). 


Reading the device is accomplished by taking 
c~ 
enable (CE) LOW while write enable 


(WE) remains HIGH. 
Under 
these condi- 
tions the contents 
of the memory location 
specified on the address pins will appear on 
the data output (DouT) pin. 


The output pin stays in high-impedance state 
when.£!liP enable (CE) is HIGH or write en- 
able (WE) is WW 


The 7C197 utilizes a die coat to insure alpha 
immunity. 


Logic Block Diagram 
Pin Configurations 


DI 
DIP/SOJ 
LCe 


Top View 
Top View 


o~ 


Ao 
1 
2' 
Vcc 
ii':<~,p:< 
A, 
2 
23 
An 
32,1,2827 


~NC 
A" 
A, 
3 
22 
A" 
NC • 
-- 
2ll 


A" 


Ao • 
21 
A" 
Ao 
5 
25 
A" 


A" 
•.. 
5 
20 
A" 
•.. 
6 
2' 
A" 


A" 
A" 
6 7C19719 
A" 
A, 
7 
23 
A" 


An 
Ao 
7 
18 
An 


Ao 
8 
7C197 
22 
A" 


Ao 
A, 
9 
21 
A" 


A, 
A, 
8 
17 
An 
A" 
10 
20 
An 


A, 
00 
Ao 
9 
16 
A" 
D"" 
11 
19 
A" 


A, 
D"" 
10 
15 
A., 
NC 
12 
18 
NC 
•.. 
WE 
11 
1. 
0,. 
1314151617 


GND 
12 
13 
CE 
1~§1~8~ 


C197-2 
C197-3 
E 


7C197-20 
7C197-25 
7C197-35 
7C197-45 


Maximum Access Time (ns) 
20 
25 
35 
45 


Maximum Of 
rating 
I 
Commercial 
100 
100 
100 
100 
Current (mA 
I 
Military 
110 
110 
110 


Maximum Standby Current (mA) 
35 
35 
35 
35 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage to Ground Potential 
Operating 
Range 


(pin 24 to Pin 12) 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. 
. . . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Temperaturei'I 
Vee 


Commercial 
DoC to + 70°C 
5V ± 10% 


Military 
- 55°C to + 125°C 
5V ± 10% 


7C197-20, 25, 35, 45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., 1011 = - 4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min. 
I IOL = 8.0 mA 
I Mil 
0.4 
V 


I IOL = 12.0 mA 
I Com'l 
0.4 
V 


VIII 
Input HIGH Voltage 
2.2 
Vee 
V 


V'L 
Input LOW Voltage 
-3.0 
0.8 
V 


II){ 
Input Load Current 
GND~ 
V,~ 
Vee 
-10 
+10 
~ 
Ioz 
Output Leakage 
GND ~ 
Vo~ 
Vee, 
-50 
+50 
~A 
Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., VOUT= GND 
-350 
mA 
Circuit Currentl31 


lee 
Vee Operating Supply 
Vee = Max., lOUT= 0 mA, 
I Com'l 
100 
mA 
Current 
f = fMAX = litRe 
I Mil 
110 


IS81 
Automatic 
CE Power-Down 
Max. Vee, CE 2. VIII, V'N 2. VIII or 
35 
mA 
Current- 
TTL Inputsl'] 
V'N < V1L,f = fMAX 


IS82 
Automatic 
CE Power-Down 
Max. Vee, CE 2. Vee - 0.3V, 
20 
mA 
Current-CMOS 
Inputsl'l 
V'N > Vee - 0.3V or V'N < 0.3V 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C,f 
= 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Notes: 
1. 
TA is the "instant 
on" case temperature. 


2. 
Sce the last page of this specificationfor Group A subgroup !csting 
information. 
3. 
Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not cxcecd 30 seconds. 


4. 
A pull-upresistor to Vee on the CE input isrequired to kecp the de- 
vice deselected during Vcc power-up, otherwise .so will exceed values 
given. 
S. Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 


5V 


OUTPUT 


30 


PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(a) 


R2 
202n 
(255nMIL) 
5 
PFI 
INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(b) 


R2 
255n 
(255nMIL) 
~ 


10% 


..•. 
.s. 5 ns 
fJI 


7C197-20 
7C197-25 
7C197-35 
7C197-45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
20 
25 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
20 
25 
35 
45 
ns 


toHA 
Output 
Hold 
from 
Address 
Change 
3 
3 
3 
3 
ns 


tACE 
CE 
LOW 
to Data 
Valid 
20 
25 
35 
45 
ns 


tLZCE 
CE LOW 
to Low 
Z(71 
3 
3 
3 
3 
ns 


tHZCE 
CE HIGH 
to High 
Z(7·81 
0 
12 
0 
13 
0 
15 
0 
20 
ns 


tpu 
CE 
LOW 
to Power-Up 
0 
0 
0 
0 
ns 


tpo 
CE HIGH 
to Power-Down 
20 
20 
25 
30 
ns 


WRITE 
CYCLE(9] 


twc 
Write 
Cycle 
Time 
20 
25 
35 
45 
ns 


tSCE 
CE LOW 
to Write 
End 
15 
20 
30 
40 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
15 
20 
30 
40 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
15 
20 
25 
30 
ns 


tso 
Data 
Set-Up 
to Write 
End 
12 
15 
17 
20 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
0 
ns 


tLZwE 
WE 
HIGH 
to Low 
Z(71 
3 
3 
3 
3 
ns 


tHzwE 
WE 
LOW 
to High 
Z(7· 
8) 
0 
12 
0 
13 
0 
15 
0 
20 
ns 


Notes: 
6. 
Test conditions 
assume signal transition time of 5 os or less, timing ref- 


erence levels of l.Sv, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified IoLlIoH and 30 pF load capacitance. 
7. 
At any given temperature and voltage condition, 
tt-lZCE 
is less than 


ILZCE 
and ll1ZWE 
is less than lLZWE 
for any given device. 
8. 
tUZCE and tHzwE are specified with CL = 5 pF as in part (b) in AC 
Test Loads and Waveforms. Transition is measured ± 500 mV from 
steady state voltage. 


9. 
The internal write time of the memory is defined by the overlap ofCE 
WW and WE Ww. Both signals must be WW to initiate a write and 
either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referenced 
to the rising edge of the signal 


that terminates the write. 


Switching Waveforms 


Read Cycle No. 1[10, III 


luCE 


HIGH 
IMPEDANCE 


Vcc 


SUPPLY 


CURRENT 


Notes: 
10. WE is HIGH 
for read cycle. 
11. Device is continuously 
selected, 
CE = V1L. 


12. IfCEgoes 
l-IIGH simultaneously 
with WE IllGll, 
the output remains 


in a high-impedance 
slate. 


Switching 
Waveforms 
(continued) 


Write Cycle No.2 
(CE Controlled) 
(10, 
12) 


• 


lt1ZWE ----I 


--------D-A-T-A-U-N-D-E-F-IN-E-D----> 
H_IG_H_IM_P_E_D_A_N_C_E 
_ 


C197-9 


NORMALIZED 
SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 
1.4 
31.2 
JJ 1.0 
0 
.2 1.0 


0 
0 
w 
w 
0.8 
N 
N 


::::i 
::::i 
« 0.6 
« 0.6 
::;: 
::;: 
a: 
a: 
a 
0.4 
a 
0.4 
Vcc-= 5.0V 
z 
Z 
V1N = 5.0V 


.J. 1.3 
8 12 
N 
::::i« 1.1 
::;: 
a: 
~ 
1.0 


02 


0.0 
4.0 
4.5 
5.0 
5.5 


SUPPLY VOLTAGE M 


NORMALIZED 
ACCESS TIME 
vs. SUPPLY VOLTAGE 
1.4 


0.9 


0.8 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE M 


0.2 


0.0 
-55 
25 
125 


AMBIENT TEMPERATURE (0C) 


.J. 1.4 
o 
w 
N 
1.2 
::::i« 
::;: 
a:az 


0.6 
-55 
25 
125 


AMBIENT TEMPERATURE (0C) 


OUTPUT 
SOURCE 
CURRENT 


_ 
vs. OUTPUT 
VOLTAGE 
g 120 


~ 100 
wa:a: 
::> 
() 
w 
() 
a: 
::> 
~ 
40 
~ 
Q. 
20 
~a 
0 
0.0 
1.0 
2.0 
3.0 


OUTPUT VOLTAGE M 


OUTPUT 
SINK CURRENT 
vs. OUTPUT 
VOLTAGE 


~ 
140 


.§. 120 
J-z 
~ 
100 
a:a 
80 


'-'=z 
60 
(jj 
J- 
::> 
~a 


1.0 
2.0 
3.0 


OUTPUT VOLTAGE M 


TYI'ICAL POWER-ON 
CURRF:NT 
vs. SUPI'LY VOLTAGE 


3.0 


/' 
- 
~ 


a 2.5 


-!!- 
0 2.0 
w 
N::;« 15 
::;; 
a:0 
10 
z 


0.5 


00 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY 
VOLTAGE 
M 


TYI'ICAI. ACCESS TIME CIIAN(;E 
vs. OUTPUT 
1.0AIIING 
30.0 


"' 
25.0 
.s 


:l' 20.0 


~ 
15.0 
w 
o 
10.0 


Jl 


@ 1.00 
N::;« 
::;; 
a: 
~ 0.75 


20 
30 
40 


CYCLE 
FREQUENCY 
(MHz) 


CE 
WE 
Inputs/Outputs 
Mode 


H 
X 
High Z 
Deselect/Power-Down 


L 
H 
Data Out 
Read 


L 
L 
Data In 
Write 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lype 
Range 


20 
CY7CI97-20PC 
Pl3 
Commercial 


CY7CI97-20VC 
Vl3 


25 
CY7C197-25PC 
Pl3 
Commercial 


CY7CI97-25VC 
Vl3 


CY7C197-25DC 
D14 


CY7C197-25LC 
L54 


CY7CI97-25DMB 
D14 
Military 


CY7CI97-25LMB 
L54 


CY7CI97-25KMB 
K73 


35 
CY7C197-35PC 
P13 
Commercial 


CY7C197-35VC 
Vl3 


CY7C197-35DC 
D14 


CY7C197-35LC 
L54 


CY7CI97-35DMB 
D14 
Military 


CY7CI97-35LMB 
L54 


CY7CI97-35KMB 
K73 


45 
CY7C197-45PC 
Pl3 
Commercial 


CY7C197-45VC 
Vl3 


CY7C197-45DC 
DI4 


CY7C197-45LC 
L54 


CY7C197-45DMll 
])14 
Military 


CY7C 197-45LM13 
L54 


CY7C197-45KMll 
K73 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1LMax. 
1,2,3 


I[){ 
1,2,3 


Ioz 
1,2,3 


Ios 
1,2,3 


Icc 
1,2,3 


ISB1 
1,2,3 


ISB2 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


tRC 
7, 8, 9, 10, 11 


tAA 
7, 8, 9, 10, 11 


taHA 
7, 8, 9, 10, 11 


lACE 
7, 8, 9, 10, 11 


WRITE CYCLE 


twc 
7, 8, 9, 10, 11 


tSCE 
7, 8, 9, 10, 11 


tAW 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


tSA 
7, 8, 9, 10, 11 


tPWE 
7, 8, 9, 10, 11 


ISD 
7, 8, 9, 10, 11 


tHD 
7, 8, 9, 10, 11 


• 


Functional 
Description 


The CY7B198 and CY7B199 arc high-per- 
formance DiCMOS static RAMs organized 
as 32,768 words by 8 bits. Easy memory ex- 
pansion ~rovided 
by an active WW chip 
enable (CE), an active LOW output enable 
(OE), and three-state drivers. Doth devices 
have an automatic power-down feature, re- 
ducing the power consumption 
by more 
than 60% when deselected. 


An active LOW write enable signal (WE) 
controls 
the 
wri~ 
operation 
of 
the 


memory. 
When CE and WE inputs arc 


both LOW. data on the eight data input/ 
output pins (I/Oo through I/O,) is written 
into the memory location specified on the 
address pins (Ao through AI.). 


Features 


• High speed 


- 
tM = 12 ns 


• 
BiCMOS for optimum speed/power 


• 
Low active power 
- 
853 mW 


• Low standby power 


- 
275 mW 


• Automatic power-down when 


deselected 


• TTL-compatible 
inputs and outputs 


1100 


vo, 


VO, 


I/O, 


I/O. 


lID!> 


I/o" 


1/01 


8198-1 


Reading the device is accomplished by ta~ 
chip enable~) 
and output 
enable (OE) 


LOW. while WE remains inactive or HIGH. 
Under these conditions. the contents of the 
location specified on the address pins is pres- 
ent on the eight data input/output 
pins. 


The eight input/output 
pins (1/00 through 


110,) arc placed in a high-impedance 
state 


when the device is deselected (CE HIGH). 
the outputs aredisable~E 
HIGH). ordur- 
ing a write operation (CE and WE LOW). 


The CY7Dl98 is available in a lead less chip 
carrier. The CY7B199 is available in space- 
saving 300-mil-wide DIPs, and SOls. 


Pin Configurations 


IJIl'/SOl 
Top View 


A, 
28 
Vcc 


IV, 
2' 
WE 


A. 
26 
A. 
IV, 
25 
A, 


A,. 
2' 
A, 


A,. 
6 
23 
A, 


A" 
7 78199 
22 
OE 


A" 
8 
21 
Ao 


A" 
9 
20 
CE 


A •• 
10 
19 
VO. 


VOo 
11 
18 
VOo 


VO. 
12 
17 
VO, 


1/02 
13 
16 
I/O. 


GND 
" 
15 
vo, 


a198-2 


LCC 


Top View 


.t££~>~~~ 


4 3 2t~323130 


A, 
Ae 
5 
29 
Ae 
6 
28 
A, 


A,. 
7 
27 
A, 


A" 
8 
25 
NC 


A" 
9 
7Cl98 
25 
OE 


A" 
10 
2' 
Ao 


A •• 
11 
23 
CE 


NC 
12 
22 
I/O. 


1100 
13 
21 
I/O, 


14151617181920 


I 
711198-12 
711198-15 
711198-20 


7B199-12 
7B199 15 
78199 20 
Maximum Access Time (ns) 
12 
15 
20 


Maximum Operating 
Commercial 
155 
155 
155 
Current (mA) 
Military 
170 
170 


Maximum Standby 
Commercial 
50 
50 
50 


Current (mA) 
Military 
60 
60 


CY7B198 
CY7B199 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65°Cto 
+ 150°C 
Static Discharge Voltage 
>2001V 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current. 
. . . . . . . . . . . . . . . . . . . . . . . . . . .. 
> 200 mA 


Supply Voltage on Vce Relative to GNDI1I. 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage App,lied to Outputs 
in High Z State!) 
. . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


Current into Outputs (LOW) 
20 mA 


Ambient 
Range 
Temperature[21 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
- 55°C to + 125°C 
5V ± 10% • 


7B198-12 
7BI98-15,20 
7B199-12 
7B199-15,20 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = - 4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
V 


V,L 
Input LOW Voltage!!) 
-0.3 
0.8 
-0.3 
0.8 
V 


II)( 
Input Load Current 
GND~ 
V,~ 
Vee 
-10 
+10 
-10 
+10 
IlA 


Ioz 
Output Leakage 
GND~ 
V,~ 
Vee, 
-10 
+10 
-10 
+10 
IlA 
Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., VOUT= GND 
-300 
-300 
mA 
Circuit Current(4) 


Ice 
Vee Operating 
Vee = Max. ,lOUT = 0 mA, 
Com'l 
155 
155 
mA 


-Supply Current 
f = fMAX = litRe 
Mil 
170 


IsB! 
Automatic CE 
Max. Vee, CE ~ VIH, 
Com'l 
50 
50 
mA 


Power-Down Current 
V1N ~ 
VIHor V1N ~ 
V'L, 
- TTLInputs 
f = fMAX 
Mil 
60 


ISB2 
Automatic CE 
Max. Vee, CE ~ 
Vee - O.3V, 
Com'l 
30 
30 
mA 


Power-Down Current 
V1N ~ 
Vee - O.3Vor V,N 
~ 
0.3V, 
Mil 
40 
- CMOS Innuts 
f - 0 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Notes: 
1. 
V,L (mm.) = - 2.0V for pulse durations 
of less than 20 ns. 
2. 
TA is the "instant on" case temperature. 


3. 
See the last page of this specification 
for Group A subgroup 
testing 


information. 


4. 
Not more than 1 output 
should be shorted 
at one time. Duration 
of 


the short circuit should not exceed 30 seconds. 


5. 
Tested initially and after any design or process changes that may affect 
these parameters. 
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AC Test Loads and Waveforms 
R1481!l 


5V 


OUTPUT 


5V 


OUTPUT 


20 


PFI 
INCLUDING 


J~~~~ 
-=. 
-= 


(a) 


THEVENIN EQUIVALENT 
167.0. 


5PFI 


INCLUDING 
JIG AND 
_ 
SCOPE 
- 
(b) 


78198-12 
78198-15 
78198-20 


78199-12 
7B199-15 
78198-20 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
12 
15 
20 
ns 


tM 
Address 
to Data 
Valid 
12 
15 
20 
ns 


tOHA 
Data 
Hold 
from 
Address 
Change 
3 
3 
3 
ns 


tACE 
CE LOW 
to Data 
Valid 
12 
15 
20 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
7 
10 
12 
ns 


tLZOE 
OE 
LOW 
to Low 
Z18] 
2 
2 
2 
ns 


tHZOE 
OE 
HIGH 
to High 
ZP,8] 
7 
8 
10 
ns 


tLZCE 
CE LOW 
to Low 
Z18] 
3 
3 
3 
ns 


tHZCE 
CE 
HIGH 
to High 
ZP,8! 
, 
7 
8 
10 
ns 


tpu 
CE LOW 
to Power-Up 
0 
0 
0 
ns 


tPD 
CE 
HIGH 
to Power-Down 
12 
15 
20 
ns 


WRITE 
CYCLEI9,IO] 


twc 
Write 
Cycle 
Time 
12 
15 
20 
ns 


tscE 
CE 
LOW 
to Write 
End 
9 
10 
15 
ns 


tAw 
Address 
Set-Up 
to Write 
End 
9 
10 
15 
ns 


tllA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tPWE 
WE 
Pulse 
Width 
9 
10 
15 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
7 
8 
10 
ns 


tllD 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z[7] 
2 
2 
2 
ns 


tHzwE 
WE 
LOW 
to High 
ZP,B] 
7 
7 
10 
ns 


Notes: 
6. 
Test conditions 
assume signal transition time of 3 os or less, timing ref- 


erence levels of 1.5Y, input pulse levels of 0 to 3,OV,and output load- 
ing of the specified JoL/IoH and 20-pF load capacitance, 


7. 
tHWE. 
tHZCE. and tHzwE 
are specified with a load capacitance of 5 


pF as in part (b) of AC Test Loads. Transition 
is measured 
± 500 mV 


from steady state voltage, 


8. 
At any given temperature 
and voltage 
condition, 
tllZCE 
is less than 
tLZCE, tllZOE is less than tLZOE,and tllzwE is less than tLzwE for any 
given device. 


9, 
The internal write time of the memory is defined by the overlapofCE 
LOW and WE LOW 130th signals must be LOW to initiate a write and 
either signal wil11crminatc 
a write by going HIGH. The input data set- 


up and hold timing should be referenced 
to the rising edge of the signal 


that terminates 
the write. 


10, The minimum write cycle timefor 
Write Cycle No, 3 (WE Controlled, 


OE LOW) is the slim of tllzwE and tso, 


t= ~ ~ 


PREVIOUS DATA VA~I: ==%XX *================D=A=T=A=V=A=L1=D============= 


Switching Waveforms 


Read Cycle No. 
1(l1,12J 
• 


Read Cycle No. 2112,131 


ADDRESSy 
X..... 
_ 


lLZCE 


lpUJ 


lpD~ 
Vcc 
------------------------- 
ICC 
SUPPLY 
50% 
50% 


CURRENT 
- 
IS8 


6198-7 


t:-----1SD 


DATA I/O -----------------!' 
DATA.IN VALID 


1•• 
It1D~ 
__ 


6198-8 


Notes: 
11. Device is continuously 
selected, 
DE, CE = V1L. 
12. WE is HIGH 
for read cycle. 
13. Address valid prior to or coincident 
with CE transition 
low. 


14. Data 110 is high impedance 
if DE = VIH• 


15. If CE goes HIGH simultaneously 
with WE HIGH, 
the ou tput remains 


in a high-impedance 
state. 
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Switching Waveforms 


Write Cycle No.2 (WE Controlled, 
OE HIGH During Write)ll4,lS] 


CE 
WE 
OE 
I/O. - 1/07 
Mode 
Power 


H 
X 
X 
High Z 
Power-Down 
Standby (IsB) 


L 
H 
L 
Data Out 
Read 
Active (Ieel 


L 
L 
X 
Data In 
Write 
Active (Ieel 


L 
H 
H 
High Z 
Selected, Output Disabled 
Active (Ice) 


CY7B198 
CY7B199 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


12 
CY7B 198-12LC 
1.55 
Commercial 


15 
CY7B198-15LC 
1.55 
Commercial 


CY7BI98-15LMB 
1.55 
Military 


20 
CY7BI98-20LC 
1.55 
Commercial 


CY7BI98-20LMB 
1.55 
Military 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
Type 
Range 


12 
CY7B 199-12PC 
P21 
Commercial 


CY7Bl99-12DC 
D22 


CY7B199-12VC 
V21 


15 
CY7BI99-15PC 
P21 
Commercial 


CY7BI99-15DC 
D22 


CY7BI99-15VC 
V21 


CY7BI99-15DMB 
D22 
Military 


20 
CY7Bl99-20PC 
P21 
Commercial 


CY7BI99-20DC 
D22 


CY7Bl99-20VC 
V21 


CY7Bl99-20DMB 
D22 
Military 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V'LMax. 
1,2,3 


I,x 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


IS81 
1,2,3 


IS82 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


IRC 
7, 8, 9, 10, 11 


lAA 
7, 8, 9, 10, 11 


!aHA 
7, 8, 9, 10, 11 


lACE 
7, 8, 9, 10, 11 


lOOE 
7, 8, 9, 10, 11 


WRITE CYCLE 


lwc 
7, 8, 9, 10, 11 


ISCE 
7, 8, 9, 10, 11 


lAW 
7, 8, 9, 10, 11 


IHA 
7, 8, 9, 10, 11 


lSA 
7, 8, 9, 10, 11 


IPWE 
7, 8, 9, 10, 11 


Iso 
7, 8, 9, 10, 11 


I,m 
7, 8, 9, 10, 11 


CY7C198 
..:-.~ 
CY7C199 
~~~J~~~e§3N=D=UC=T=O=R=====3=2=, 
7=6S==x=S=S=ta=t=ic=R=/=W==RA==M= 
----- 


Features 


• Automatic power-down when 
deselected 
• CMOS for optimum speed/power 


• High speed 
- 
25 ns 


• Low active power 
- 
935mW 


• Low standby power 
- 
193 mW 


• TTL-compatible 
inputs and outputs 
• Capable of withstanding 
greater 
than 2001V electrostatic 
discharge 


Functional Description 
The CY7C198 and CY7C199 arc high-per- 
formance CMOS static RAMs organized as 
32,768words by 8 bits. Easy memory expan- 
sion is...Q!.ovidedby an active LOW chip en- 
able (CE) and active LOW output enable 
(OE) and three-state drivers. Both devices 
have an automatic power-down feature, re- 
ducing the power consumption 
by at least 


77% when deselected. The CY7C199 is in 
the space-saving300-mil-wide DIP package 
and leadless chip carrier. The CY7C198 is 
in the standard 600-mil-wide package. 
An active LOW write enable signal (WE) 
controls the writin~adin&..QI>eration 
of 
the memory. When CE and WE inputs are 


both LOW, data on the eight data input/out- 
put pins (liOo through 1/07) is written into 
the memory location addressed by the ad- 
dress 
present 
on 
the 
addrcss 
pins 
(Ao 


through A,4). Reading the device is accom- 
plished by selecting the device and enabling 
the outputs, CE and OE active LOW, while 
WE remains inactive or HIGH. Under these 
conditions, the contents of the location ad- 
dressed by the information 
on address pins 


is present 
on the eight data input/output 


pins. 
The input/output 
pins remain in a high-im- 
pedance state unless the chip is sclected, out- 
puts are enabled, and write enable (WE) is 
HIGH. Adie coat is used to ensure alphaim- 
munity. 
• 


LCC 


Top View 
<~.;~~~; 


DlP/SOJ 
Top View 


A, ----..r- 


vcc 
28 
•• 
27 
WE 


A, 
26 
A. 


A" 
25 
A, 


liDo 


"" 
24 
A, 


A" 
6 
23 
A, 


1/0, 
A" 
7 7C199 22 
DE 
A" 
8 
21 
•• 


1/02 
An 
9 
20 
CE 
Au 
10 
19 
1/07 


1/00 
11 
18 
11015 


1/°3 
110, 
12 
17 
I/Os 


1/02 
13 
16 
1/04 


1/04 
GND 
14 
15 
1/03 


liDs 
C198-2 


110. 


1/07 


7C198-25 
7C198-35 
7C198-45 
7C198-55 
7C199-25 
7Cl99-35 
7Cl99-45 
7Cl99-55 


Maximum Access Time (ns) 
25 
35 
45 
55 


Maximum Operating 
I 
Commercial 
170 
150 
150 
150 


Current (mA) 
I 
Military 
160 
160 
160 


Maximum Standby Current (mA) 
35 
35 
35 
35 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage .. 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current.... 
. 
. 


Supply Voltage to Ground Potential 
Operating 
Range 


(pin 28 to Pin 14) 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. . . . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V :t 10% 


MilitarylIl 
- 55°C to + 125°C 
5V :t 10% 


7C198-25 
7C198-35, 45, 55 
7C199-25 
7C199-35, 45, 55 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = - 4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
V 


V'L 
Input LOW Voltage 
-3.0 
0.8 
-3.0 
0.8 
V 


I,x 
Input Load Current 
GND~ 
VI~ 
Vee 
-10 
+10 
-10 
+10 
jJ.A 


Ioz 
Output Leakage 
GND ~ 
VI~ 
Vee, 
-10 
+10 
-10 
+10 
jJ.A 
Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., VOUT= GND 
-300 
-300 
mA 
Circuit Currentl3] 


Ice 
Vee Operating 
Vee = Max., lOUT= 0 mA,1 
Com'j 
170 
150 
mA 


Supply Current 
f = fMAX = litRe 
I Mil 
160 


Automatic CE 
Max. Vee,CE2. 
VIJI, 
V'N2. 
VJJ, 
IsB, 
Power-Down Current- 
or V'N ~ 
V'L, f = fMAX 
35 
35 
mA 
TTLInputs 


Automatic CE 
Max. Vee, CE 2. Vee - O.3V 
ISB2 
Power-Down Current- 
V'N 2. Vee - 0.3V or V'N ~ 
0.3V, f=O 
20 
20 
mA 
CMOS Inputs 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C,f 
= 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Notes: 
1. 
TA is the "instant 
on" case temperature. 
2. 
See the last page of this specificationfor Group A subgroup testing 
information. 


3. 
Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 
4. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 
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AC Test Loads and Waveforms 
R1481!l. 


5V 


OUTPUT 


5V 


OUTPUT 


30PFI 


INCLUDING 
JIG AND 
_ 


SCOPE - 


(a) 


THEVENIN 
EQUIVALENT 
167.0. 


5 
PFI 
INCLUDING 


JIG AND 
_ 


SCOPE - 
(b) 


3.0V~ 
90% 


10% 


GND 
~5 
ns'" 
~ 


10% 


-. 
~5ns • 


7C198-2S 
7C198-3S 
7C198-4S 
7C198-SS 


7C199-2S 
7C199-3S 
7C199-4S 
7C199-SS 


Parameters 
Deseri ption 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
25 
35 
45 
55 
ns 


tAA 
Address 
to Data 
Valid 
25 
35 
45 
55 
ns 


tOHA 
Data 
Hold 
from 
Address 
Change 
3 
3 
3 
3 
ns 


tACE 
CE LOW 
to Data 
Valid 
25 
35 
45 
55 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
15 
20 
20 
20 
ns 


tLwE 
OE 
LOW 
to Low 
Z[71 
3 
3 
3 
3 
ns 


t'lWE 
OE 
HIGH 
to High 
Z16.7J 
13 
15 
20 
25 
ns 


tLZCE 
CE 
LOW 
to Low 
Z[7] 
3 
3 
3 
3 
ns 


tHZCE 
CE 
HIGH 
to High 
Z16.7j 
13 
15 
20 
25 
ns 


tpu 
CE 
LOW 
to Power-Up 
0 
0 
0 
0 
ns 


tpD 
CE 
HIGH 
to Power-Down 
20 
20 
25 
25 
ns 


WRITE 
CYCLEIS] 


twc 
Write 
Cycle 
Time 
25 
35 
45 
55 
ns 


tSCE 
CE 
LOW 
to Write 
End 
20 
30 
40 
50 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
20 
30 
40 
50 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
20 
25 
30 
40 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
15 
17 
20 
25 
ns 


tHD 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
0 
ns 


tHzwE 
WE 
LOW 
to High 
ZI61 
13 
15 
20 
25 
ns 


lLZWE 
WE 
HIGH 
to Low 
Z[71 
3 
3 
3 
3 
ns 


Notes: 
5. 
Test conditions assume signal transition time of 5 os or less, timing ref- 
erence levels of L5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified IoeilOH and 30-pF load capacitance. 
6. 
'''WE, 
'HZCE, and tHzwE are specified wilh CL = 5 pF as in pari (b) 
of ACTest Loads. Transition 
is measured 
± 500 mV from steady stale 
voltage. 
7. 
AI any given temperature 
and voltage 
condition, 
tuzeE 
is less 11wI1 


tLzcE, tUZOE is less than ILZOE. and tllzwE 
is less than tLzwE for any 
given device. 


8. 
The internal write time of the memOl)' 
is defined by the overlap of CE 
WW and WE Ww. Both signals must be LOW to initiate a write and 
either signal can terminate 
a write by going HIGH. The data input set- 


up and hold timing should be referenced 
to the rising edge of the signal 
that terminates 
the write. 
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Switching Waveforms 


Read Cycle No. }[9,101 


t-b.~~ 


OATA OUT ----P-R-E-V-IO-U-S-O-A-T-A-V-A-L-IO-J-X--X--*=================O=A=T=A=V=A=L=IO============== 
*- 


Vcc 
SUPPLY 
CURRENT 


IucE 
~U-t 
---------1 
50% 
~~ 
ICC 
50% 
ISB 


ltiZWE j 


OATA 1/0 --------O-A-T-A-U-N-O-E-F-IN-E-O-------- 
> 
HIGH IMPEO~~E 1:=========== 


Notes: 
9. 
Device is continuously 
selected. 
OE, CE = V,L. 


10. 
Address valid prior 
to or coincident 
with CE 
transition 
low. 
II. 
WE is HIGH 
for read cycle. 


12. Dala 1/0 is high impedance 
if OE = VIII. 


13. If CE gocs HIGH simullancouslywith 
WE IIlGH, 
the output remains 


in a high-impedance stale. 


tHZWE 
~ 


----------------------- 
HIGH IMPEDANCE 
DATA UNDEFINED 
---------------------- 


NORMALIZED 
SUPPLY CURRENT 
NORMALIZED 
SUI'PLY CURRENT 


vs. SUPPLY VOLTAGE 
vs. AMBIENT 
TEMPERATURE 
1.4 
1.4 


~1.2 
~1.2 


Jl1.0 
<0 


-'" 
1.0 


0 
0 
w 
0.8 
w 
0.8 
N 
N 
:J 
:J 
« 0.6 
« 0.6 
::;: 
::;: 
a: 
a: 
0 0.4 
0 
0.4 
Vcc = 5.OV 
z 
Z 
V'N = 5.OV 


0.0 
~o 
~5 
~o 
~5 


SUPPLY VOLTAGE M 


0.0 


-55 
25 
125 


AMBIENT TEMPERATURE (0C) 


NORMALIZED 
ACCESS TIME 
vs. SUPPLY VOLTAGE 
1.4 


1.3 
J. 
8 1.2 
N:J« 1.1 
::;:a: 
~ 
1.0 


J. 1.4 
o 
wN 
1.2 
:J« 
::;: 
a: 
1.0 
oz 


0.9 


0.8 
4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE M 


0.6 
-55 
25 
125 


AMBIENT TEMPERATURE (0C) 


OUTPUT 
SOURCE 
CURRENT 


_ 
vs. OUTPUT 
VOLTAGE 


:[ 
120 


f--z 100 
wa:a:::J 
U 
wU 
a: 
::J0 
40 
(/) 
f-- 
::J 
20 
0- 
f-- 
::J 
0 
0 
00 
10 
2.0 
3.0 
4.0 


OUTPUT VOLTAGE (V) 


OUTI'UT 
SINK CURRENT 
vs. OUTI'UT 
VOLTAGE 


~ 
140 


.s 120 
f--z 
~ 
100 
a: 
13 
80 


'"z 
60 


U5 
f-- 
::J 
0- 
f-- 
::Jo 


1.0 
2.0 
3.0 


OUTPUT VOLTAGE (V) 


• 
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TYPICAL POWER-ON CURRENT 
>s. SUPPLY VOLTAGE 
3.0 


o 2.5 
.2- 
0 2.0 
w 
N:J« 1.5 
::;: 
a::0 1.0 
z 


0.5 
/ 
-V 


TYPICAL ACCESS 
TIME CHANGE 
vs. OUTPUT LOADING 
30.0 


~ 20.0 


~ 
15.0 
w 
o 10.0 


CE 
WE 
OE 
Inputs/Outputs 
Mode 


H 
X 
X 
HighZ 
Deselect/Power-Down 


L 
H 
L 
Data Out 
Read 


L 
L 
X 
Data In 
Write 
L 
H 
H 
High Z 
Deselect 


0.0 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


SUPPLY 
VOLTAGE 
M 


Jl 
@ 100 
N:J« 
::;: 
a:: 
~ 075 


20 
30 
40 


CYCLE 
FREQUENCY 
(MHz) 


CY7C198 
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Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
1)'pe 
Range 


25 
CY7CI98-250C 
016 
Commercial 


CY7CI98-25LC 
L55 


CY7CI98-25PC 
P15 


35 
CY7C198-350C 
016 
Commercial 


CY7C198-35LC 
L55 


CY7C198-35PC 
P15 


CY7C198-350MB 
016 
Military 


CY7CI98-35LMB 
L55 


45 
CY7C198-450C 
016 
Commercial 


CY7C198-45LC 
L55 


CY7C198-45PC 
P15 


CY7C198-450MB 
016 
Military 


CY7C198-45LMB 
L55 


55 
CY7C198-550C 
016 
Commercial 


CY7C198-55LC 
L55 


CY7C198-55PC 
P15 


CY7C198-550MB 
016 
Military 


CY7CI98-55LMB 
L55 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


25 
CY7CI99-25PC 
P21 
Commercial 


CY7CI99-25VC 
V21 


CY7CI99-250C 
022 


CY7CI99-25LC 
L54 


35 
CY7CI99-35PC 
P21 
Commercial 


CY7CI99-35VC 
V21 


CY7CI99-350C 
022 


CY7CI99-35LC 
L54 


CY7CI99-350MB 
022 
Military 


CY7CI99-35LMB 
L54 


CY7CI99-35KMB 
K74 


45 
CY7CI99-45PC 
P21 
Commercial 


CY7CI99-45VC 
V21 


CY7CI99-450C 
022 


CY7CI99-45LC 
L54 


CY7CI99-450MB 
022 
Military 


CY7CI99-45LMB 
L54 


CY7CI99-45KMB 
K74 


55 
CY7CI99-55PC 
P21 
Commercial 


CY7CI99-55VC 
V21 


CY7CI99-550C 
022 


CY7CI99-55LC 
L54 


CY7CI99-550MB 
022 
Military 


CY7CI99-55LMB 
L54 


CY7CI99-55KMB 
K74 


CY7C198 
CY7C199 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V,LMax. 
1,2,3 


Ilx 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


ISB1 
1,2,3 


IsB, 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


IRC 
7, 8, 9, 10, 11 


lAA 
7, 8, 9, 10, 11 


tOllA 
7, 8, 9, 10, 11 


lACE 
7, 8, 9, 10, 11 


lDOE 
7, 8, 9, 10, 11 


WRITE 
CYCLE 


lwc 
7, 8, 9, 10, 11 


ISCE 
7, 8, 9, 10, 11 


lAW 
7, 8, 9, 10, 11 


IHA 
7, 8, 9, 10, 11 


ISA 
7, 8, 9, 10, 11 


tpwE 
7, 8, 9, 10, 11 


Iso 
7, 8, 9, 10, 11 


IHO 
7, 8, 9, 10, 11 


~_.~ 
-:3 CYPRESS 
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CY74S189, CY27LS03 


CY27S03, CY27S07 


16 x 4 Static R/W RAM 


Features 


• 
Fully decoded, 16 word x 4-bit high- 
speed CMOS RAMs 
• 
Inverting outputs 27S03, 27LS03, 
74S189 
• 
Non-inverting 
outputs 27S07 


• 
High speed 
- 
25 ns 


• 
Low power 
- 
210 mW (27LS03) 


• 
Power supply 5V ± 10% 
• 
Advanced high-speed CMOS process- 
ing for optimum speed/power product 


• 
Capable of withstanding 
greater than 


2001V static discharge 


• 
Three-state 
outputs 


• 
TTL-compatible 
inteface levels 


Functional 
Description 


These devices are high-performance 
64-bit 
statie RAMs organized as 16 words by 4 
bits. Easy memory expansion iSEovided 
by an active LOW chip seleet (CS) input 
and three-state 
outputs. The devices are 


provided with inverting and non-inverting 
outputs. 
Writing to the device is accomplished when 
the chip selcct (CS) and write enable (WE) 
inputs (Do through D3) is written into the 
memory location spccified on the address 
pins (Ao through A3). The outputs are pre- 


Do 


0, 


0, 


0, 


•• 
0, 
•• 


A, 
0, 
A, 


A, 
0, 
A, 


•• 
0, 
•• 


cs 
cs 


WE 
WE 


5189-1 


conditioned so that the write data is pres- 
ent at the outputs when the write cycle is 
complete. This precondition operation en- 
sures minimum 
write recovery times by 


eliminating the "write rccovcry glitch." 


Reading the device is accomplished by tak- 
i~chip 
select (CS) and outpu~able 


(OE) LOW, while write enable (WE) re- 
mains HIGH. Under these conditions, the 
contents of the memory location specified 
on the address pins will appear on the four 
output pins (00 through 03) in inverted or 
non-inverted 
(CY27S07) format. 


The output pins remain in a high-impe- 
dance 
state 
when 
chiI' 
select 
(CS) is 


HIGH, or write enable (WE) is LOW • 


DIP 


Top View 


Ao' 
16 
Voc 


CS 
2 
15 
A1 


WE 
374518914 
A2 


Do 
4 27LS0313 
A.:l 


(00) Do 
5 mg~12 
0, 


0, 
B 
11 
0, (0,) 


(Oil 0, 
7 
10 
O2 


GND 
8 
9 
01 {5z) 


LCC 


Top View 
1l'J.p~~.< 


WE 
_ 0, 
(Dol Do 


0, 


(5,)0, 


4 
3 2 tl~201~8 


5 
74$189 
17 


B 
27LS03 
16 


7 
27503 
15 
27507 
8 
14 


910111213 


27S03A 
27S03,27S07 
27LS03 
27S07A 
74S189 


Maximum Access Time (ns) 
Commercial 
25 
35 


Military 
25 
35 
65 
Maximum Operating Current (mA) 
Commercial 
90 
90 


Military 
100 
100 
38 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage 
Temperature 
- 65°C 
to + ISOaC 
Static Discharge 
Voltage 
. 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied 
.. 
- 55°C 
to + 125°C 
Latch-Up 
Current.... 
. 
. 


Supply Voltage to Ground Potential 
Operating 
Range 


(Pin 16 to Pin 8) 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . •. 
- 3.0V to + 7.0V 


Output Current, into Outpus (Low) 
10 mA 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Militaryl" 
- 55°C to + 125°C 
5V ± 10% 


74S189, 
27LS03 
27S03,27S07 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOII 
Output HIGH Voltage 
Vee = Min.,IolI 
= - 5.2 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 16.0 mA 
0.45 
V 


Vee = Min., IOL = 8.0 mA 
0.45 
V 


VIH 
Input HIGH Voltage 
2.0 
Vee 
2.0 
Vee 
V 


V'L 
Input LOW Voltage 
- 3.0 
0.8 
- 3.0 
0.8 
V 


I,x 
Input Leakage Current 
GND<V,<Vee 
-10 
+10 
-10 
+10 
I1A 


VeD 
Input Diode Clamp Voltage 
Note 3 
Note 3 


Ioz 
Output Leakage Current 
GND ~ 
Vo~ 
Vee 
-40 
+40 
-40 
+40 
I1A 


Ios 
Output Short Circuit Current 
(41 
Vee = Max., VOUT= GND 
- 90 
- 90 
mA 


Ios 
Power Supply Current 
Vee = Max., 
I Com'l 
90 
mA 


lOUT= 0 mA 
I Mil 
100 
38 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C, f = 1 MHz 
7 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
7 
pF 


Notes: 
1. 
TA is the "instant 
on" case temperature. 
2. 
See the last page of this specificationfor Group A subgroup tesling 
information. 


3. 
The CMOS process does not provide a clamp diode. Howeverthese 
devices are insensitive to - 3V DC input levels and - 5V undershoot 
pulsesof lessthan 5 ns (measured at 50% points). 


4. 
Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


5. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 


- 
----- 
.,~ 
=-JF SE:MlCCffiXJCT~ 


CY74S189, CY27LS03 
CY27S03, CY27S07 


AC Test Loads and Waveforms 
R'239!l. 


5V 


OUTPUT 


30PFI 


INCLUDING 
JIG AND 
_ 
SCOPE 
- 
(a) 


THEVENIN 
EQUIVALENT 
92!l. 


5 
PFI 
INCLUDING 
JIG AND 
_ 
SCOPE 
- 
(b) 
• 


27S03A 
27S03 
74S189 
27LS03 
27S07A 
27S07 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
25 
35 
35 
65 
ns 


tAA 
Address 
to Data 
Valid 
[7J 
25 
35 
35 
65 
ns 


tAcs 
CS LOW 
to Data 
Valid 
[71 
15 
17 
22 
35 
ns 


tHZCS 
CS HIGH 
to High Z 18.9. 10J 
15 
20 
17 
35 
ns 


WRITE 
CYCLE 
[6. 11.12J 


twe 
Write 
Cycle 
Time 
25 
35 
35 
65 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
0 
ns 


tllA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
0 
ns 


tscs 
CS Set-Up 
to Write 
Start 
0 
ns 


tHCS 
CS Hold 
from 
Write 
End 
0 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
20 
25 
20 
55 
ns 


tllD 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
20 
25 
20 
55 
ns 


tHzWE 
WE 
LOW 
to High Z [8.9. 10J 
20 
25 
20 
35 
ns 


tAwE 
WE 
HIGH 
to OUlput 
Valid[7J 
20 
35 
30 
35 
ns 


Notes: 
6. 
Test conditions 
assume signal transition 
times of 5 os or less, timing 
reference 
leve[s of L5V. output 
loading of the spcified 
10L/loH and 


30-pF load capacitance. 
7. 
tAA. tAcs. and tAwE are tested with CL = 30 pF as in part (0) of AC 
Test Loads. Timing is referenced 
to 1.5V on the inputs and outputs. 
8. 
Transition is measured at steady-state 
HIGH level- 500 mV orsteady- 
state WW level + 500 mVon the output from L5V level on theinpuI. 


9. 
tllZCS and tHzwE are tested with CL = 5 pF as in part (b) of ACTest 
Loads. 


10. At any given temperature 
and voltage condition, 
tHZCS is less than 


ILZCS 
for any given device. 
I L Output is preconditioned 
to data in (inverted or non-inverted) 
during 


write to insure correct data is present on all outputs when write is ter- 
minated. 
(No write recovery glitch.) 
12. The internal write time of the memory is defined by the overlap ofCS 


WW and WE WW I30th signals must be WW to initiate a write and 
either signal can terminates 
the write. 


Switching 
Waveforms 


Read Cycle 


DATA 


OUTPUTS 


00- 03 


CY74S189, CY27LS03 


CY27S03, CY27S07 


~ 
rNOTES 


°0-°3 
_ 


DATA OUTr~~ 
------------------------ 
L 
NOTES 


14. Timing diagram 
represents 
one solution 
which results in optimum 
cycle time. Timing may be changed in various applications 
as long as 


the worst case limits arc not violate. 


CY74S189, CY27LS03 
CY27S03, CY27S07 


01230123 


2222 3333 - 
-, 
r' 


Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
Type 
Range 


25 
CY27S03APC 
PI 
Commercial 


CY27S03AOC 
02 


CY27S03ALMB 
L61 
Military 


CY27S03AOMB 
02 


35 
CY27S03PC 
PI 
Commercial 


CY27S030C 
D2 


CY27S03LC 
L61 


CY27S03LMB 
L61 
Military 


CY27S030MB 
02 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


35 
CY74S189PC 
PI 
Commercial 


CY74S1890C 
02 


Address 
Address 
Pin 
Name 
Function 
Number 


Ao 
AXO 
1 


Al 
AXI 
15 


A2 
AYO 
14 


A3 
AYI 
13 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


25 
CY27S07APC 
PI 
Commercial 


CY27S07AOC 
02 


CY27S07ALMB 
1..61 
Military 


CY27S07AOMB 
02 


35 
CY27S07PC 
PI 
Commercial 


CY27S070C 
02 


CY27S07LC 
1..61 


CY27S07LMB 
L61 
Military 


CY27S070MB 
02 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
Type 
Range 


65 
CY27LS03LMB 
1..61 
Military 


CY27LS030MB 
02 


CY74S189, 
CY27LS03 
CY27S03, 
CY27S07 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V'LMax. 
1,2,3 


I,x 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


Parameters 
Subgroups 


READ CYCLE 


IRC 
7, 8, 9, 10, 11 


lAA 
7, 8, 9, 10, 11 


lACS 
7, 8, 9, 10, 11 


WRlTECYCLE 


lwc 
7, 8, 9, 10, 11 


lSA 
7, 8, 9, 10, 11 


IHA 
7, 8, 9, 10, 11 


lscs 
7, 8, 9, 10, 11 


IHCS 
7, 8, 9, 10, 11 


Iso 
7, 8, 9, 10, 11 


IHO 
7, 8, 9, 10, 11 


IPWE 
7, 8, 9, 10, 11 


IAWE 
7, 8, 9, 10, 11 


~-'~ 


ofjj 
CYPRESS 
iF 
SEMICONDUCTOR 


Features 


• 
256 x 4 static RAM for control stores 
in high-speed computers 
• 
Processed with high-speed CMOS for 
optimum speed/power 
• 
Separate 
inputs and outputs 
• 
Low power 
- 
Standard 
power: 
660 mW (commercial) 
715 mW (military 
- 
Low power: 
440 mW (commercial) 
495 mW (military) 


• 
5-volt power supply ± 10% tolerance 
both commercial 
and military 
• 
Capable of withstanding 
greater than 
2001V static discharge 


Functional Description 


The 
CY93422 
is 
a 
high-performance 
CMOS static RAM organized as 256 by 4 
bits. Easy memory expansion is provided 
by an active LOW chip select one (CS,) in- 
put, an active HIGH chip select two (CS,) 
input, and three-state outputs. 


An active LOW write enable input (WE) 
controls the writing/reading 
operation 
of 
the memory. When 
the ~ 
select one 
(CS,) and write enable (WE) inputs are 
LOW and the chip select two (CS,) input 
is HIGH, the information on the four data 
inputs (Do to D3) is wrillen into the ad- 
dressed memory word and the output cir- 
cuitry is preconditioned 
so that the correct 
data is prcsent at thc outputs when the 


CY93422A/93L422A 


CY93422/93L422 


write cycle is complete. This precondition- 
ing operation 
insures minimum write rc- 
covery times by eliminating the "write re- 
covery glitch." 


Readi!!g is performed with the chip select 
one (CS,) input LOW, the chi~lect 
two 


input (CS,) and write enable (WE) in~s 
HIGH, and the output enable input (OE) 
LOW. The information 
stored in the ad- 
dressed word is read out on the four non- 
inverting outputs (00 to 03). 
The outputs of the memory go to an active 
high-impedance 
state whenever 
chip se- 
lect one (CS,) is HIGH, 
chip sel~two 


(CS,) 
is LOW, output 
enable 
(OE) 
is 


HIGH, 
or during ~ 
writing operation 
when write enable (WE) is LOW. • 


Pin Configuration 


CS2 
DIP 


CS, 


Top View 


A, 
22 
VOC 


WE 


A, 
21 
'" 
A, 
20 
WE 


OE 
Ao 
cs, 


'" 
OE 


00 
Po., 
cs, 


A, 
0, 


0, 
GNO 
0, 


0, 
0, 


O2 
0, 
0, 


0, 
0, 


03 
422A-2 


93422A 
93lA22A 
93422 
93lA22 


Maximum Access Time (ns) 
Commercial 
35 
45 
45 
60 


Military 
45 
55 
60 
75 


Maximum Operating 
Current (mA) 
Commercial 
120 
80 
120 
80 


Military 
130 
90 
130 
90 


CY93422A/93IA22A 
CY93422/93IA22 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 
. 


Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage to Ground Potential 
(Pin 22 to Pin 8) 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Output State 
- 0.5V to + Vcc Max. 


DC Input Voltage. 
.. .. . .. .. . .. .. .. .. 
- O.5V to + 5.5V 


Output Current into Outputs (Low) 
20 mA 


DC Input Current 
- 30 mA to + 5.0 mA 


Ambient 


Range 
Temperature 
Vcc 


Commercial 
O°C to + 75°C 
5V ± 10% 


Military(l] 
- 55°C to + 125°C 
5V ± 10% 


93422 
93L422 


93422A 
93L422A 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., IOH = - 5.2 mA 
2.4 
2.4 
V 


VOL 
Output LOW Current 
Vcc = Min., IOL = 8.0 mA 
0.45 
0.45 
V 


VIH 
Input HIGH Leve113) 
Guaranteed 
Input Logical HIGH 
2.1 
2.1 
V 


Voltage for all Inputs 


V1L 
Input LOW Leve113] 
Guaranteed 
Input Logical LOW 
0.8 
0.8 
V 


Voltage for all Inputs 


IlL 
Input LOW Current 
Vcc = Max., VIN = 0.4V 
- 300 
- 300 
~ 


IIH 
Input HIGH Current 
Vcc = Max., V1N = 4.5V 
40 
40 
JJ.A 


Isc 
Output Short Circuit Current!4] 
Vcc = Max., VOUT= O.OV 
-90 
-90 
mA 


Icc 
Power Supply Current 
All Inputs = GND 
TA = 125°C 
110 
70 
mA 


Vcc = Max. 
TA = 75°C 
110 
70 


TA = O°C 
120 
80 


TA = -55°C 
130 
90 


VCL 
Input Clamp Voltage 
See Note 5 
See Note 5 
IcEx 
VOUT= 2.4V 
50 
50 
JJ.A 


Output Leakage Current 
VOUT= 0.5V, Vcc = Max. 
- 50 
- 50 
Capacitance!6] 


Parameters 
Description 
Input Capacitance 
Output Capacitance 


Test Conditions 


TA = 25°C, f = 1 MHz, 
Vcc = 5.0V 


Max. 


8 
8 


Units 
pF 
pF 
C1N 


CoUT 


Function 
Table(7) 


Inputs 
Outputs 
CS, 
CSt 
WE 
OE 
Dn 
On 
Mode 
L 
X 
X 
X 
X 
High Z 
Not Selected 
X 
H 
X 
X 
X 
High Z 
Not Selected 
H 
L 
H 
H 
X 
High Z 
Output Disable 


H 
L 
H 
L 
X 
Selected Data 
Read Data 


H 
L 
L 
X 
L 
High Z 
Write "0' 


H 
L 
L 
X 
H 
High Z 
Write "1' 


Notes: 
1. 
TA is the "instant 
on" case temperature. 
2. 
See the last page of this specification 
for Group A subgroup 
testing 


information. 


3. 
These are absolute voltages with respect to device ground pin and in- 
clude all overshoots due to system and/or tester noise. Do not attempt 
to test these values without suitable equipment. 


CY93422A/93U22A 
CY93422/93U22 


AC Test Loads and Waveforms 


vcc~ 


~I 
• 


93422A 
93IA22A 
93422 
93IA22 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tPLH(Ai'°j 
Delay from Address to Output 
35 
45 
45 
60 
ns 
tpHL(A) 
(Address Access Time) 


tPZH~l, 
CS2) 
Delay from Chip Select to Active 
25 
30 
30 
35 
ns 
tPZH(CS1, CS2) 
Output and Correct Data 


tPZHGY!i) 
Delay from Write Enable to Active 
25 
40 
40 
45 
ns 
tpzL(WE) 
Output and Correct Data (Write Recovery) 


tPZH(Q!D 
Delay from Output Enable to Active 
25 
30 
30 
35 
ns 
tpzL(OE) 
Output and Correct Data 


ts (A) 
Set-Up Time Address (Prior to Initiation of Write) 
5 
5 
10 
5 
ns 


th (A) 
Hold Time Address (After Terminiation of Write) 
5 
5 
5 
5 
ns 


ts (DI) 
Set-Up Time Data Input 
5 
5 
5 
5 
ns 
(Prior to Initiation of Write) 


th (DI) 
Hold Time Data Input 
5 
5 
5 
5 
ns 
(After Terminitation 
of Write) 


ts (CS" CS2) 
Set-Up Time Chip Select 
5 
5 
5 
5 
ns 
(Prior to Initiation of Write) 


th (CS" CS2) 
Hold Time Chip Select 
5 
5 
5 
5 
ns 
(After Termination of Write) 
, 


tpw(WE) 
Minimum Write Enable Pulse 
20 
40 
30 
45 
ns 


Width to Insure Write 


tPHZ~l, 
CS2) 
Delay from Chip Select to 
30 
40 
30 
45 
ns 
tPLZ(CS1, CS2) 
Inactive Output (High Z) 


tplIZ~ 
Delay from Write Enable to 
30 
40 
30 
45 
ns 
tPLZ(WE) 
Inactive Output (High Z) 


tPHZ(Q£) 
Delay from Output Enable to 
30 
40 
30 
45 
ns 
tPLZ(OE) 
Inactive Output (High Z) 


93422A 
931A22A 
93422 
931A22 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tPLH(Ai'OI 
Delay 
from 
Address 
to Output 
45 
55 
60 
75 
ns 


tpH"A) 
(Address 
Access 
Time) 


tPZH ~" 
CS,) 
Delay 
from Chip Select 
to Active 
35 
40 
45 
45 
ns 


tPZL (CS 
" 
CS,) 
Output 
and Correct 
Data 


tpZH~) 
Delay 
from 
Write 
Enable 
to Active 
40 
45 
50 
50 
ns 
tpzdWE) 
Output 
and Correct 
Data 
(Write 
Recovery) 


tPZH (Qg) 
Delay 
from 
Output 
Enable 
to Active 
35 
40 
45 
45 
ns 


tpZL (OE) 
Output 
and Correct 
Data 


ts (A) 
Set-Up 
Time 
Address 
(Prior to Initiation 
of Write) 
5 
10 
10 
10 
ns 


th (A) 
Hold 
Time 
Address 
(After 
Terminiation 
of Write) 
5 
5 
5 
10 
ns 


ts (Dr) 
Set-Up 
Time 
Data 
Input 
5 
5 
5 
5 
ns 


(Prior 
to Initiation 
of Write) 


th (Dr) 
Hold 
Time 
Data 
Input 
5 
5 
5 
5 
ns 


(After 
Terminitation 
of Write) 


ts (CS" 
CS,) 
Set-Up 
Time 
Chip 
Select 
5 
5 
5 
5 
ns 


(Prior 
to Initiation 
of Write) 


th (CS" 
CS,) 
Hold 
Time 
Chip 
Select 
5 
5 
5 
10 
ns 


(After 
Termination 
of Write) 


tph(WE) 
Minimum 
Write 
Enable 
Pulse 
35 
40 
40 
45 
ns 


Width 
to Insure 
Write 


tpHZ~',CS,) 
Delay 
from 
Chip 
Select 
to 
35 
40 
45 
45 
ns 
tPLZ (CS 
" 
CS,) 
Inactive 
Output 
(High 
Z) 


tp'IZ~) 
Delay 
from 
Write 
Enable 
to 
40 
40 
45 
45 
ns 


tpLZ (WE) 
Inactive 
Output 
(High 
Z) 


tpHZ~) 
Delay 
from 
Output 
Enable 
to 
35 
40 
45 
45 
ns 


tpLZ (OE) 
Inactive 
Output 
(High 
Z) 


Notes: 
4. 
Not more than one output 
should be shorted 
at a time. Duration 
of 
the short circuit should not be more than one second. 


5. 
The CMOS process does not provide a clamp diode. However, 
the 


CY93422 
is insensitive to -3V 
DC input levels and -5V undershoot 


pulses of less than 10 ns (measured 
at 50% point). 


6. 
Tested initially and after any design or process changes that may affect 
these parameters. 
7. 
H = High Voltage Level, L = Low Voltage Levcl, X = Don't Care. 
High Z implies outputs are disabled or off. This condition 
is defined 


as a high-impedance 
state for the CY93422. 


8. 
Vcc = 5V ± IO%andTA 
= O°Cto 
+ 75°C 
unless otherwise noted. 


9. 
tpZH (WE), tpZH (CS 
" 


CS,), and tpZH (OE) are measured 
with S, 


open, CL = 15 pF, and with both the input and oulput 
timing refer- 


enced to 1.5V tpZL (WE), tpZL (CS" CS,), and tpZL (OE) are mea- 
sured with S, closed, CL = 15 p~d 
with both the input and oU.!m!t 
timing referenced 
to 1.5V tpHZ(WE). tpHZ(CS" CS,), and tpHz (OE) 


are measured with 51 open, CL < 5 pF, and are measured between 
the 1.5V level on...!heinput to thCVou::500 
mV levcl on the output. 


tpLZ(WE), tpLZ(CS" CS,), and tpLZ(OE)are 
measured with S, closed 


and CL < 5 pF, and are measured between the 1.5V level on the input 
and the\'oL 
+ 500 mV level on the output. 


10. tpLH(A)and tpH"A) are tested with S, closed and CL = 15 pfwith 
both 
input and output 
timing referenced 
to 1.5V 
11. Switching delays from the address, output 
enable, and chip select in- 


puts to the data output. The CY93422 
disabled output 
in the "OfF" 


condition 
is represented 
by a single center 
line. 


CY93422A/931A22A 
CY93422/931A22 


Switching Waveforms 


Read Cyclelll J 


ADDRESS 
ADDRESSj 
Ao - A7 


OE or <:;5, 


CS2 


lpZH (<:;5,) 
lpZH (CS2) 
IpZH (OE) 


IpHZ (<:;5,) 
MAX 
., 
IpHZ (CS2) 
I IpHZ (OE) 


MIN 


~ 
I 
I 
I _I----I----~I 
~I 
I--~I~I__ I_~I•. 
I 
, 
--11 •••1--1-- 
...• 


OUTPUT 
READ A HIGH 
READ A LOW 
DISABLE 
ENABLE 
READ A HIGH 
DISABLE 
DISABLED 
N ADDRESS j 
IN ADDRESS k 
OUTPUT 
OUTPUT 
IN ADDRESS i 
OUTPUT 


CS, 


CS2 


Ao - A7 
ADDRESS 
INPUTS 


Dx 
DATA 
INPUT 


WE 
WRITE 
ENABLE 


Ox 
DATA 
OUTPUT 


lpZH (CS,. CS2) 


IpZL (CS,. CS2) 


• 


CY93422A/93IA22A 
CY93422/93IA22 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
1)'pe 
Range 


Standard Power 
Low Power 


35 
CY93422APC 
P7 
Commercial 


CY93422ADC 
D8 


45 
CY93422PC 
CY93lA22APC 
P7 
Commercial 


CY93422DC 
CY93lA22ADC 
D8 


CY93422ADMB 
D8 
Military 


55 
CY93lA22ADMB 
D8 
Military 


CY93lA22ALMB 
L54 


60 
CY93lA22PC 
P7 
Commercial 


CY93lA22DC 
D8 


CY93422DMB 
D8 
Military 


75 
CY93lA22DMB 
D8 
Military 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V'LMax. 
1,2,3 


IlL 
1,2,3 


IIH 
1,2,3 


Icc 
1,2,3 


IcEx 
1,2,3 


Parameters 
Subgroups 


tpLH(A) 
7, 8, 9, 10, 11 


tpHL(A) 
7, 8, 9, 10, 11 


tpzH(CS" CSz) 
7, 8, 9, 10, 11 


tpzdCS" 
CSz) 
7, 8, 9, 10, 11 


tpzH(WE) 
7, 8, 9, 10, 11 


tpzL(WE) 
7, 8, 9, 10, 11 


tpzH(OE) 
7, 8, 9, 10, 11 


tpzL(OE) 
7, 8, 9, 10, 11 


ts (A) 
7, 8, 9, 10, 11 


th (A) 
7, 8, 9, 10, 11 


t,(D!) 
7, 8, 9, 10, 11 


th (D!) 
7, 8, 9, 10, 11 


ts (CS" CSz) 
7, 8, 9, 10, 11 


th(CS" CSz) 
7, 8, 9, 10, 11 


tow(WE) 
7, 8, 9, 10, 11 
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Features 


• 
High-density 
I-megabit 
SRAM 


module 
• 
High-speed CMOS SRAMs 
- Access time of 25 ns 


• 
Low active power 
- 
2.6W (max.) 


• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 
• 
Low profile 
- 
Max. height of 0.3 in. 


• 
Small PCB footprint 
- 0.62 sq. in. 


@) 


selecti~de 


Functional Description 


Thc CYM 1240 is a very high performance 
I-megabit static RAM module organizcd 
as 256K words by 4 bits. Thc module iscon- 
structcd using four 256K x I static RAMs 
in 1eadlesschip carriers mounted onto a ce- 
ramic substrate 
with pins. It is socket- 


comptaible 
with 
monolithic 
256K 
x 
4 


SRAMs. 
Writing to the memory module is accom- 
plished when the chip select (CS) and write 
enable (WE) inputs are both LOW. Data 
on the four input/output pins (lIOo through 


I/O,) of the device 
is written 
into the 


memory location specified on the address 
pins (Ae through An). 


Reading the device is accomplishe'!.Qy,tak- 
ing chip select (CS) LOW while WE re- 
mains 
inactive or HIGH. 
Under 
these 


conditions, the contents of the memory lo- 
cation specified on the address pins will 
appear on the approp~te 
data input/out- 
putpms. 
~ 


The data input/o 
t 
pms~main 
in a 


hi~pedan 
~ 
hen CS is HIGH 
or WE is 
• 


~~Pin 
Configuration 
~rJ[2; 
DII' 


~ 
~ 
Top View 


~~ 
,~ 


An 


A12 
At3 


A1• 


At5 


A16 
A17 
IT 


NC 


Vss 


1240-25 
1240-30 
1240-35 
1240-45 


Maximum Access Time (ns) 
25 
30 
35 
45 


Maximum Operating Current (mA) 
Commercial 
480 
480 
480 
480 


Military 
480 
480 


Maximum Standby Current (mA) 
Commercial 
160 
160 
160 
160 


Military 
G", 
. ',/"'\ 
160 
160 
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Features 


• 
High-density 
I-megabit 
SRAM 


module 
• 
High-speed CMOS SRAMs 
- Access time of 20 ns 


• 
32-pin, 0.6-inch-wide DIP package 


• 
Low active power 
- 
1.2W (max.) 


• 
Hermetic or plastic SMD technology 


• 
TTL-compatible 
inputs and outputs 
• 
JEDEC-compatible 
pinout 


• 
Commercial 
and military 
temperature 
ranges 


@) 


selecti~de 


Functional Description 


The CYMI420 is a very high performance 
I-megabit static RAM module organized 
as 128Kwords by8 bits. The module iscon- 
structed using four 32K x 8 static RAMs 
mounted 
onto a substrate. 
A decoder 
is 


used to interpret the higher-order address- 
es A" and A'6 and to select one of the four 
RAMs. 


Writing to the memory module is accom- 
plished when the chip select (CS) and write 
enable (WE) inputs are both LOW. Data 
on the eight input/output pins (I/Oo - I/07) 


is written into the memory iocationspeci- 
fied on the address pins (Ao - A,.). 


Reading the device is accomplished bytak- 
i!!lLchip select (lliand 
output 
enable 


(OE) WW while WE remains inactive or 
HIGH. 
Under these conditions, the con- 


tents of the memory location specified on 
the address pins wi)) appear on the eight 
input/output 
pins. 


The input/output 
impedance state u 
lected, outputs 
able(W 
i 


~cf0>Pin 
Configuration 
~rJIij} 
DIP 


~ 
~ 
NC 
Top View 


0-."\> 
A'6 
A,. 
A'2 
A7 
A6 
As 
A. 
A3 
A2 
A, 
Ao 


1/00 
1/0, 
1102 
GND 


,. 
32 


2 
31 


3 
30 


• 
29 


5 
26 


6 
27 
7 
26 


6 
25 


9 
2' 


'0 
23 


11 
22 


12 
21 
13 
20 


1. 
'9 


'5 
'6 


16 
17 


Vcc 
A,s 
NC 
WE 
A13 
A6 
A9 
a' 


AlO 
~ 
1/07 
1/06 
1105 
1/0. 
1/03 


. 
1420-20) 
1420-25 
1420-30 
1420-35 
1420-45 
1420-55 


Maximum Access Time (ns) 
20 
25 
30 
35 
45 
55 


Maximum Operating Current (mA) 
Commercial 
210 
210 
210 
210 
210 
210 


Military 
,.,210 
. 
210 
210 
210 


Maximum Standby Current (mA) 
Commercial 
140 
140 
140 
140 
140 
140 


Military 
140 
140 
140 
140 


~a;;,~ 
__ 
s>- 
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Features 


• 
High-density 
I-megabit 
SRAM 
module 
• 
High-speed CMOS SRAMs 
- Access time of 35 ns 


• 
Low active power 
-1.1W 
(max.) 


• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 
• 
Low profile 
- 
Max. height of 0.65 in. 


• 
Small PCB footprint 
- 
0.8 sq. in. 


Logic Block Diagram 


Functional Description 


The 
CYM1422 
is a high-performance 
I-megabit static RAM module organized 
as 128Kwords by 8 bits. The module is con- 
structed using four 32K x 8 static RAMs in 
SOICs mounted onto a single-sided multi- 
layer epoxy laminate board with pins. A 
decoder is used to interpret the higher-ord- 
er addresses (A,. and A,a) and to select 
one of the four RAMs. 


Writing to the memory module is accom- 
plished when the chip select (CS) and write 
enable (WE) inputs are both LOW. Data 
on the eight input/output pins (I/O. through 


I/07) is written into the memory location 
specified on the address pins (Ao through 
A,.). 
Reading the device is accomplished by tak- 
i!!lLchip select (~and 
output 
enable 


(OE) LOW while WE remains inactive or 
HIGH. Under these conditions. the con- 
tents of the memory location specified on 
the address pins wil1~ar 
on the eight 
data input/output 
pin~ 


The input/outP~t 
emain in a high- 
impedance sta 
the module is se- 
lected, 0 
nabled. and write en- 
able ( 
H. 


1422-35 
1422-45 
1422-55 


Maximum Access Time (ns) 
35 
45 
55 


Maximum Operating 
Currcnt (mA) 
200 
200 
200 


Maximum Standhy Current (mA) 
140 
140 
140 


~Pin 
Configuration 


~ 
SIP 
%1;j)& 
~C,m","," 
SOd. 


~"0 
A, 


A3 
A2 
A1 
Ao 


WE 


VCC 
GND 


1100 
I/O, 
1/02 
1/03 
110, 
1/05 
VOs 
~cs 
OE 
1/00 - 1/07 
AS 


Ag 


AlO 
An 


A'2 
A'3 


A" 
A,s 
A,S 
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Features 


• 
High-density 
I-megabit 
SRAM module 


• 
High-speed CMOS SRAMs 
- Access time of 45 ns 
• 
32-pin, 0.6-inch-wide DIP package 


• 
JEDEC-compatible 
pinout 


• 
Low active power 


- 
1.2W (max.) 


• 
SMD technology 


• 
TTL-compatible 
inputs and outputs 


• 
Commercial 
temperature 
range 


• 
Small PCB footprint 
- 
1.1 sq. in. 


Maximum Access Time (ns) 


Maximum Operating 
Current (mA) 


Maximum Standby Current (mA) 


128K X 8 Static RAM 
Module 


Functional 
Description 
memory location specified on the address 
pins (Ao through A,6). Reading the device 


The CYMI423 is a high-performance 
is accomplished by taking chip select (CS) 


I-megabit static RAM module organized 
and output enable (OE) Ww, while write 


as I28K words by 8 bits. This module is 
enable (WE) remains inactive or HIGH. 


constructed using four 64K x 4 static 
Under these conditions, the contents of 


RAMs in SO] packages mounted onto an 
the memory locati 
ecified on the ad- 
epoxy laminate board with pins. A de- 
dress pins (Ao t 
~ 
16) will appear on 
coder is used to interpret the higher-order 
the eight inp 
pins (1/00 through 
address and select two of the four RAMs. 
\/07). 
C? 


Writing to the module is accomplished 
The i 
ut pins remain in a high- 


when the chip select (CS) and write en- 
im 
ate unless the module is 


able (WE) inputs are both WW Data on 
sele 
utputs are enabled, and write 


the eight input/output 
pins (I/Oo through 
~Ie 
E) is HIGH. 


\/07) of the device is written into the ~& 


~ 


Pin Configuration 


DIP 


Top View 


~ 
NC 
1 
32 
Vcc 


A'6 
2 
31 
A'5 


A,. 
3 
30 
NC 


A'2 
• 
29 
WE 


A7 
5 
28 
A'3 


A6 
6 
27 
A8 


As 
7 
26 
A9 


A. 
8 
25 
~' 
A3 
9 
2' 


A2 
10 
23 
AlO 


A, 
11 
22 
~ 


Ao 
'2 
21 
1/07 


1/00 
'3 
20 
1/06 


1/0, 
" 


19 
1/05 


1/02 
15 
18 
I/O. 


GND 
'6 
17 
1/03 


14231'))-45 


45 


210 


80 


14231'D-55 


55 


210 


80 


14231'))-70 


70 


210 


80 
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Features 


• 
High-density 2-megabit SRAM 
module 
• 
High-speed CMOS SRAMs 
- Access time of 25 ns 


• 
Low active power 
- 5.3W (max.) 


• 
SMD technology 
• 
Separate 
Data I/O 
• 
6O-pin ZIP package 
• 
TTL-compatible 
inputs and outputs 
• 
Low profile 
- 
Max. height of 0.5 in. 


• 
Small PCB footprint 
- 
1.14 sq. in. 


Functional 
Description 


The CYMI44I 
is a very high performance 
2-megabit static RAM module organized 
as 256K words by 8 bits. The modu Ieiscon- 
structed using eight 256K x 1 static RAMs 
in SOJ packages mounted onto an epoxy 
laminate substrate with pins. Two chip se- 
lects (CSL and CSu) are used to indepen- 
dently enable the upper and lower 4 bits of 
the data word. 


Writing to the memory module is accom- 
plished when the chip select (CS) and write 
enable (WE) inputs are both LOW. Data 
on the eight input pins (010 through 017) is 
written 
into the memory 
location speci- 
fied on the address pins (Ao through An). 


Reading the device is accomplished by tak- 
ing ch~elect 
(CS) LOW while output en- 
able (OE) and write enable WE remain in- 
active or HIGH. 
Under these conditions, 


the contents of the memory location speci- 
fied on the address pins will appear on the 
appropriate data output pins (000 through 
007). 


The data output pin 
impedance state unl 
lected~tputs 
are 
able (WE) is H 


Two p~.ns 
0,) are used to iden- 
tify m 
ory density in applica- 
tions 
emate 
versions of the JE- 
DEC- 
rd 
modules 
can 
be 
inter- 
c 
e. 


emain in a high- 


module is se- 
, and write en- 


Pin Configuration 


ZIP 
Top View 


(OPEN) PDa 
GND 


NC 
PD, (GND) 


Vcc 
NC 


Dla 
DI. 
DO. 
DOa 
NC 
Aa 
A, 
Az 
A3 
A. 
As 
As 
A7 
GND 
DI, 
Dls 


DO, 
DOs 


DO. - D07 
WE 
Vcc 


Ag 
As 


CSL 
NC 


NC 
CSU 


NC 
NC 


Vcc 
NC 


Dlz 
Dls 


DOz 
DOa 
GND 
A,a 
A" 
A,z 
DOa - D03 
A,. 
A'3 


A,s 
A,s 


NC 
A17 


DI3 
DI7 


1441-1 
D07 
D03 
Vcc 
NC 
NC 
NC 
Vss 
NC 


1441·2 


1441-25 
1441-35 
1441-45 


Maximum Access Time (ns) 
25 
35 
45 


Maximum Operating 
Current (mA) 
960 
960 
960 


Maximum Standby Current (mA) 
320 
320 
320 
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Features 


• 
High-density 4-megabit SRAM module 


• 
High-speed CMOS SRAMs 
- Access time of 35 ns 


• 
Low active power 
- 
3AW (max.) 


• 
Double-sided SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Low profile version (PF) 
- 
Max. height of .345 in. 


• 
Small footprint 
SIP version (PS) 


- 
PCB layout area of 1.2 sq. in. 


Functional Description 


The CYMl460 is a high-perfonnance 
4-megabit static RAM module organized 
as 512K words by 8 bits. This module is 
constructed from sixteen 32K x 8 SRAMs 
in plastic surface mount packages on an 
epoxy laminate board with pins. Two 
choices of pins are available for vertical 
(PS) or horizontal (PF) through-hole 
mounting. On-board decoding selects 
one of the sixteen SRAMs from the high- 
order address lines, keeping the remaining 
fifteen devices in standby mode for mini- 
mum power consumption. 
An active LOW write enable signal (WE) 
controls the writing/reading operation of 


the memory.When 
MS and WE inputs are 


both LOW, data on the eight data 
input/output 
pins is written into the 


memory location specified on the address 
pins. Reading the device is accomplished 
by select~ 
the device and enabling the 


£!!!puts, MS and OE, active LOW, while 
WE remains inactive or HIGH. Under 
these conditions, the content of the loca- 
tion addressed by the infonnation 
on the 


address pins is present on the eight data 
input/output 
Pin~. 


The input/outp 
~1 
main in a high- 
impedance s 
the module 
IS 


selected, 0 
e enabled, and write 


enable 
IGH. 


Pin Configuration 
IP 


1460PS-35 
1460PS-45 
1460PS-55 
1460PS-70 


1460PF-35 
1460PF-45 
1460PF-55 
1460PF-70 


Maximum Access Time (ns) 
35 
45 
55 
70 


Maximum Operating Current (mA) 
625 
625 
625 
625 


Maximum Standby Current (mA) 
560 
560 
560 
560 


Features 


• 
High·density 4-megabit SRAM module 


• 
High·speed CMOS SRAMs 
- 
Access time of 70 ns 


• 
Low active power 
- 
825 mW (max.) 


• 
Douhle-sided SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Low profile version (PF) 


- 
Max. height of .315 in. 


• 
Small footprint 
SIP version (PS) 
- 
PCB layout area of 1.5 sq. in. 


• 
2V data retention 
(L version) 


Functional 
Description 


The CYMI461 is a high·performance 
4-megabit static RAM module organized 
as 512K words by 8 bits. This module is 
constructed 
from sixteen 32K x 8 SRAMs 
in plastic surface mount packages on an 
epoxy laminate board with pins. Two 
choices of pins are available for vertical 
(PS) or horizontal (PF) through-hole 
mounting. On·board decoding selects 
one of the sixteen SRAMs from the high· 
order address lines keeping the remaining 
fifteen devices in standby mode for mini· 
mum power consumption. 
An active LOW write enable signal (WE) 
controls the writing/reading operation of 


the memory. When MS and WE inputs are 
both LOW. data on the eight data 
input/output 
pins is written into the 
2 


memory location specified on the address 
pins. Reading the device is accomplished 
by select~ 
the device and enabling the 


~)Uts. 
MS and OE active LOW. while 


WE remains inactive or HIGH. Under 
these conditions, the content of the loca- 
tion addressed by the information on the 
address pins is present on the eight data 
input/output 
Pin~. 


The input/outp 
<p'1 
main in a high- 
imped~ace s 
·S the module 
IS 
selected. out 
re enabled. and write 


enable 
IGH. 


Pin Configuration 


SIP 


1461PS-70 
1461PS-85 
1461PS-100 


1461PF-70 
146I1'F-85 
1461PF-100 


Maximum Access Time (ns) 
70 
85 
100 


Maximum Operating 
Current (mA) 
150 
150 
150 


Maximum Standby Current (mA) 
50 
50 
50 
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Features 


• 
High-density 4-megabit SRAM 
module 
• 
High-speed CMOS SRAMs 
- Access time of 35 ns 


• 
Low active power 
- 
1.65W (max.) 


• 
JEDEC-compatible 
pinout 
• 
32-pin, 0.6-inch-wide DIP package 
• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .34 inches 


• 
Small PCB footprint 
- 
0.98 sq. in. 


Functional 
Description 


The 
CYMI464 
is a high-performance 
4-megabit static RAM module organized 
as 512K words by 8 bits. This module is 
constructed 
using four 256K x 4 static 
RAMs in SOJ packages mounted 
on an 
epoxy laminate substrate with pins. A de- 
coder is used to interpret the higher-order 
address (A1s) and to select one of the four 
RAMs. 


Writing to the module 
is accomplished 
when the chip select (CS) and write enable 
(WE) inputs are both LOW Data on the 
eight input/output 
pins (I/O. through 
I/ 


07) of the device is written into the memory 


selecti~ide 


location specified on the address pins (An 
through 
A1s). Reading 
the device is ac- 
complished ~aking 
chip select and out- 


]Jut enable (OE) LOW, while write enable 
(WE) remains inactive or HIGH. 
Under 


these 
conditions, 
the 
contents 
of 
the 


memory location specified on the address 
pins (An through A,s) will appear on the 
eight appropriate 
data input/output 
pins 


(I/O. through I/07). 
~ 
- 


The input/output 
. ;;)~ain 
in a high- 


impedance stat 
the module is se- 
lected, outpu 
abled, and write en- 


able(W' 


~ 


1464-35 
1464-45 
1464-55 
1464-70 


Maximum Access Time (ns) 
35 
45 
55 
70 


Maximum Operating 
Current (mA) 
300 
300 
300 
300 


Maximum Standby Current (mA) 
240 
240 
240 
240 
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Features 


• 
High-density 
4-megabit SRAM 


module 
• 
High-speed CMOS SRAMs 
- Access time of 85 ns 


• 
Low active power 
- 
605 mW (max.) 


• 
JEDEC-compatible 
pinout 


• 
32-pin, O.6-inch-wide DIP package 
• 
TTL-compatible 
inputs and outputs 
• 
Low profile 
- 
Max. height of .23 inches 


• 
Small PCB footprint 
- 
0.98 sq. in. 


selecti~ide 


Functional Description 


The 
CYMl465 
is a high-performance 
4-megabit static RAM module organized 
as 512K words by 8 bits. This module is 
constructed 
using four 128K x 8 RAMs 
mounted on a substrate with pins. A de- 
coder is used to interpret the higher-order 
addresses (An and A,.) and to select one 
of the four RAMs. Two packaging options 
are offered: VSOP packages on FR4 sub- 
strate for commercial temperature 
range 
operation, and SOIC packages on ceramic 
substrate for industrial temperature 
range 


operation. 


Writing to the module 
is accomplished 


when the chip select (CS) and write enable 


(WE) inputs are both LOW Data on the 
eight 
input/output 
pins 
(1100 
through 


110,) 
of the device is written 
into the 


memory location specified on the address 
pins (Ao through A,,). Reading the device 
is accomplishe~ 
taking chip select and 


output enable(OE) 
LOW while write en- 
able remains 
inactive or HIGH. 
Under 


these 
conditions, 
the 
contents 
of 
the 


memory location S~d 
on the address 


pins (Ao through 
appear on the 


eight approPril 
nput/output 
pins 


(110)0 through 
. 


The ~'n ~ 
ins remain in a high- 


impe 
~~'e"'unless 
the module ISse- 


lectc 
ts arc enabled, and write en- 


ab 
is 
H. 


III 


1465PIl-85 
1465PD-I00 
1465PD-120 
1465PD-150 
Maximum Access Time (ns) 
85 
100 
120 
150 


Maximum Operating 
Current (mA) 
110 
110 
110 
110 


Maximum Standby Current (mA) 
12 
12 
12 
12 
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Features 


• 
High-density 4-megabit SRAM 
module 


• 
High-speed CMOS SRAMs 
- Access time of 35 ns 


• 
Low active power 
- 
1.9W (max.) 


• 
JEDEC-compatible 
pinout 
• 
32-pin, O.6-inch-wide DIP package 
• 
TTL-compatible 
inputs and outputs 


selecti~ide 


Functional Description 


The 
CYMI466 
is a high-performance 
4-megabit static RAM module organized 
as 512K words by 8 bits. This module is 
constructed using four 128K x 8 RAMs in 
ceramic 
lead less chip 
carrier 
packages 
mounted on a ceramic substrate. A decod- 
er is used to interpret the higher-order ad- 
dresses (Al7 and A18) and to select one of 
the four RAMs. 
Writing to the module 
is accomplished 
when the chip select (CS) and write enable 
(WE) inputs are both Ww. Data on the 
eight input/output 
pins (I/Oo through V 
07) of the device is written into the memory 


location specified on the address pins (Ao 
through 
A1s). 
Reading 
the device is ac- 


complished.htaking 
chip select and out- 
put enable(OE) 
LOW while write enable 


remains inactive or HIGH. 
Under these 


conditions, the contents of the memory lo- 
cation specified on the address pins (Ao 
through A1s) will appear on the eight ap- 
propriate 
data 
input/output 
pins (I/O), 


through V07). 
~ 
- 


The input/outP~t 
. ~~ain 
in a high- 


impedance stat 
the module is se- 
lected, o~ 
abJed, and write en- 


able~v 


1466·35 
1466-45 
1466-55 
1466-70 
1466-85 
1466·100 
1466·120 
Maximum Access Time (ns) 
35 
45 
55 
70 
85 
100 
120 


Maximum Operating Current (mA) 
Com'l 
350 
350 
184 
184 
184 
84 
84 


Mil 
350 
350 
184 
184 
184 
84 
84 


Maximum Standby Current (mA) 
Com'l 
240 
240 
70 
70 
70 
12 
12 


Mil 
204 
240 
70 
70 
70 
12 
12 
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Features 


• 
High-density 8-/16-megabit 
SRAM 


modules 
• 
High-speed CMOS SRAMs 
- Access time of 85 ns 


• 
Low active power 
- 
60S mW (max.), 2M x 8 


• 
Double-sided SMD technology 
• 
TTL-compatible 
inputs and outputs 
• 
Very low profile version (PF) 
- 
Max_ height of 0.205 in. 


• 
Small footprint SIP version (PS) 
- 
PCB layout area of 0.72 sq. in. 


• 
2V data retention 
(L version) 
• 
Compatible with CYM1460/CYM1461 


Logic Block Diagram 
r---------------------------- 
I Ao-A'6 
I 
U 
I 
I 
I 
i 
WE 
IAU-A2fj 
I 
I 
I 


: 
MS 
IL 
_ 


l024K X 8 SRAM Module 
2048K X 8 SRAM Module 


Functional 
Description 
the memory. When MS and WE inputs are 
both Law, 
data on the eight data input! 


The CYMI471 
and CYMI481 
are high- 
output pins is written into the memory 10- 


performance 
8-megabit 
and 
16-megabit 
cation specified on the address pins. Read- 
static RAM modules organized as 1024K 
ing the device is accomplished by select.!.'!& 


words (1471) or 2048K words (1481) by 8 
the device and enabling the .Q!!!puts, MS 


bits. These modules are constructed from 
and OE active LOW, while WE remains 


eight (1471) or sixteen (1481) 128K x 8 
inaetive or HIGH. 
der these condi- 


SRAMs in plastic surface-mount packages 
tions, the content 0 
ation addressed 
on an epoxy laminate board with pins. Two 
by the informati 
e address pins is 


choices of pins are available for vertical 
present 
on t 
data 
input/output 


(PS) 
or 
horizontal 
(PF) 
through-hole 
pins. 


mounting. On-board decoding selects one 
The' 
of the SRAMs from the high-<>rderaddress 
lines, keeping 
the remaining 
devices in 
imp 
standby mode for minimum 
power con- 
lecte 
sumption. 
~. 


An active LOW write enable signal (WE)~& 
controls the writing/reading 
operation 
~ 
• 


t pins remain in a high- 
te unless the module is se- 


uts are enabled, and write en- 
is HIGH. 


Pin Configuration 
SIP 


CYMI471 
CYM1481 


Maximum Access Time (ns) 
85 
100 
120 
85 
100 
120 


Maximum Operating 
Currcnt (mA) 
95 
95 
95 
110 
110 
110 


Maximum Standby Current (mA) 
16 
16 
16 
32 
32 
32 


Features 


• 
High-density 2-megabit SRAM module 
with parity 


• 
High-speed CMOS SRAMs 


- Access time of 30 ns 
• 
Buffered address and control inputs 


• 
Low active power 
- 
6.2W (max.) 


• 
SMD technology 
• 
TTI.-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .52 in. 


• 
Small PCB footprint 
-1.6 sq. in. 


256K X 9 Buffered SRAM 
Module with Separate I/O 


Functional 
Description 
the device is written into the memory 10- 
eation specified on the address pins (Ao 


The CYM1540 is a very high performance 
through A17). 
Reading the device ~ac- 


2-megabit static RAM module organized 
complished by taking chip select (CS) 


as 256K words by 9 bits. This module is 
LOW, while write enable (WE) remains 


constructed using nine 256K x 1 static 
inactive or HIGH. Under these condi- 


RAMs in SOJ packages mounted on an 
tions. the contents 
the memory loca- 


epoxy laminate board with pins. Input 
tion specified on 
ress pins (Ao 


buffers are provided on the address and 
through A17) wil 
ar on the appropri- 


control lines to reduce input capacitance 
ate data ou 
00 through DOs). 


and loading. 
The d 
ins remain in a hJg!t- 
Writing to the module is accomplished 
im~ 
e when chip select (CS) is 


when the chip select (CS) and write en- 
HI 
en write enable (WE) is 


able (WE) inputs are both LOW Data on 
LO 
the data input pins (DIo through DIs) of ~~ 


Pin Configuration 


SIP 


1540PF-30 
1540PF-35 
1540PF-45 


1540PS-30 
1540PS-35 
1540PS-45 


Maximum Access Time (ns) 
30 
35 
45 


Maximum Operating 
Current (mA) 
1125 
1125 
1125 


Maximum Standby Current (mA) 
350 
350 
350 
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Features 


• 
High-density 8-megabit SRAM 
module plus parity 
• 
High-speed CMOS SRAMs 
- Access time of 30 ns 


• 
Buffered address and control inputs 
• 
Low active power 
- 
6.2W (max.) 


• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of 0.53 in. 


• 
Small PCB footprint 
- 
1.5 sq. in. 


Logic Block Diagram 


l024K X 9 Buffered SRAM 
Module with Separate I/O 


Functional Description 


The CYM1560 is a very high performance 
8-megabit static RAM module organized 
as l,024K words by 9 bits. This module is 
constructed 
using nine l,024K x 1 static 
RAMs in SO] packages mounted 
on an 
epoxy laminate 
board 
with pins. Input 
buffers are provided on the address and 
control Jines to reduce input capacitance 
and loading. 


Writing to the 
module 
is accomplished 
when the chip select (CS) and write enable 
(WE) inputs are both LOW. Data on the 
data input pins (DIo through DIB) 
of the 
device is written into the memory location 


specified on the address pins (Ae through 
A,9). Reading the device is accomplished 
by taking chip select LOW whilc write en- 
able remains 
inactive or HIGH. 
Under 
these 
conditions, 
the 
contents 
of 
the 


memory location specified on the address 
pins will appear on the appropriate 
data 


output pins.p 
The data output p' 
in in a high-im- 


pedance state wh 
select is HIGH or 
when write e 
W. 


@;;)~ 
• 


Pin Configuration 
SIP 


CYM1560-30 
CYM1560-35 
CYM1560-45 


Maximum Access Time (ns) 
30 
35 
45 


Maximum Operating Current (mA) 
1125 
1125 
1125 


Maximum Standby Current (mA) 
350 
350 
350 


Features 


• 
High-density 256K-bit SRAM module 


• 
High-speed CMOS SRAMs 
- 
Access time of 12 ns 


• 
Low active power 
-3W(max.) 


• 
Hermetic SMO technology 
• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .215 in. 


• 
Small PCB footprint 
- 
1.2 sq. in. 


• 
JEOEC-df.med 
pinout 


• 
Independent 
byte select 
• 
2V data retention 
(L version) 


I/O. - I/O,) is written into the memory 
location specified on the address pins (Ao 
through Al3). 


Reading the device~ 
accomplished~ 


taking chip select (CS), ~ 
select (UB, 


.!&2 and output enable (0E) LOW, while 
WE remains inactive or HIGH. Under 
these conditions, the contents of the 
memory location specified on the address 
pins will appear on the appropriate 
data 


input/output 
pins. 
The input/output 
impedance stat 
~select(- 
(OE) is 


LO~ 


~ 
~Ci& 


~ 
~ 


Functional 
Description 


The CYM1610 is a high-performance 
256-kbit static RAM module organized 
as 16K words by 16 bits. This module is 
constructed from four 16K x 4 SRAMs 
in lead less chip carriers mounted on a 
ceramic substrate with pins. 
Selecting the device is achieved by a chip 
select..l!!Pu.!.£in as well as two byte select 
pins (UB, LB) for independently 
selecting 
upper or lower byte for read or write 
operations. 
Writing to the memory module is accom- 
plished whe~he 
chip select (CS), ~ 
select (UB, LB) and write enable (WE) 
inputs are Law. 
Data on the input/output 


pins of the selected byte (lIO. - 1/015, 


16K X 16 Static RAM 
Module 


remain in a high- 
ip select (CS), 
or output enable 


write enable (WE) is 


Pin Configuration 


DIP 


Top View 


Vcc 
~ 
1/0,5 
I/O,. 
1/0,3 
1/0,2 
I/O" 
1/010 
I/Og 
I/0. 
GND 
1/07 
1/06 
1/05 
I/0. 
1/°3 
1/°2 
I/O, 
ILQ.Q 
OE 


1/°0 
- 1/°7 


1610-' 
1610-2 


161OHO-25 161OHO-35 
161OHO-45 
1610HO-50 


ccess Time (ns) 
25 
35 
45 
50 


Maximum Operating 
Current 
Com'l 
330 
330 
330 
330 


(mA) 
Mil 
360 
330 
330 
330 


Maximum Standby Current 
Com'l 
60 
60 
60 
60 


(mA) 
Mil 
60 
60 
60 
60 
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Features 


• 
High-density 
256-kilobit SRAM 
module 


• 
High-speed 
- Access time of 12 ns 


• 
16-bit-wide organization 
• 
Low active power 
- 
I.8W (max.) at 25 ns 


• 
TTL-compatible 
inputs and outputs 
• 
Low profile 
- 
Max. height of 0.5 in. 


• 
Small PCB footprint 
- 0.4 sq. in. (ceramic version) 
- 
0.6 sq. in. (plastic version) 


• 
2V data retention 
(L version) 


Functional Description 


The CYMI611 is a very high performance 
256-kilobit static RAM module organized 
as 16Kwords by 16bits. The module iscon- 
structed using four 16K x 4 static RAMs 
mounted on a vertical substrate with pins. 
The vertical DIP format minimizes board 
space 
while 
still keeping 
a 
maximum 
height of 0.5 in. 
Writing to the memory module is accom- 
plished when the chip select (CS) and write 
enable (WE) inputs are both LOW Data 
on 
the 
sixteen 
input/output 
pins 
(Do 


through 015) is written into the memory 


location specified on the address pins (A" 
through A,,). 


Reading the device is accomplished by tak- 
ing chip select CS and out.2l!!..enable (OE) 
LOW while write enable (WE) remains in- 
active or HIGH. 
Under these conditions, 


the contents of the memory location speci- 
fied on the address pins will appear on the 
sixteen data input/ou 
t pins. 


The input/output 
ain in a high- 
impedance state ute 
module is se- 


lected, outputs 
led, and write en- 


able(W 
i 


VDIP 
Top View 


Do 
36 


D 1 
35 


D 2 
34 


D 3 
33 


Ao 
32 


A, 
31 


A2 
30 


A3 
29 


A 4 
28 


A 5 
27 


A6 
26 


A 7 
25 


D 4 
24 


D 5 
23 


D 6 
22 


D7 
21 


CS 
20 


GND 
19 


1611-12 
1611-15 
1611-20 
1611-25 
1611-30 
1611-35 
1611-45 


Maximum Access Time (ns) 
12 
15 
20 
25 
30 
35 
45 


Maximum Operating 
Current (mA) 
550 
550 
330 
330 
330 
330 
330 


Maximum Standby Current (mA) 
250 
250 
80 
80 
80 
80 
80 


Features 


• 
High-density 
I-megabit 
SRAM 
module 
• 
High-speed CMOS SRAMs 
- Access time of 20 ns 


• 
40-pin, O.6-inch-wide DIP package 
• 
Low active power 
- 
1.9W (max.) 


• 
Hermetic 
SMD technology 
• 
TTL-compatible 
inputs and outputs 
• 
JEDEC-compatible 
pinout 
• 
Commercial 
and military 


temperature 
ranges 


Maximum Access Time (ns) 


Maximum Operating 
Current (mA) 


Functional Description 


The CYMI620 is a very high performance 
I-megabit static RAM module organized 
as 64K words by 16bits. The module is con- 
structed using four 32K x 8 static RAMs 
mounted 
onto a substrate. 
A decoder is 
used to interpret the higher-order address 
AIO and select one of the two pairs of 
RAMs. 


Writing to the memory module is accom- 
plished when the chip select (CS),..!W.ese- 
lect (UB, LB) and write enable (WE) in- 
puts are both LOW. Data on the input/out- 
put pins of the selected byte (I/O. through 
IJOIO, I/O. through 
I/07) is written into 


the memory location specified on the ad- 
dress pins (Ao through A,.). 


Reading the device is accomplish~ 
tak- 


ing chip select (CS)~e 
select (UB, ~ 


and output enable (WE) LOW, while WE 
remains inactive or HIGH. 
Under these 


conditions, the contents of the memory lo- 
cation specified on the address pins will 
appear on the appro~te 
data input/out- 


putpms. 
~ 


The input/output 
emain in a hjg!l- 


impedance 
sta 
chip select (CS), 


~ 
sele 
) or output 
enable 
(OE) . 
r write enable (WE) is 


LO 
. 


Pin Configuration 


DIP 


Top View 


A15 
,. 
~ 
1/015 
1/°'4 
1/013 
1/°'2 
1/011 
1/°10 
IIOg 
1/08 
GND 
1/°7 
1/°6 
1/°5 
1/04 
1/03 
1/02 
1/01 


I~ 


Commercial 


Military 


Commercial 


Military 


1620-45 


45 


340 


340 


140 


140 


1620-55 


55 


340 


340 


140 


140 


04l\. X 10 ~IanC .KA.IYl 
Module 


memory location specified on the address 
pins (I\" through AlO). 


Reading the device is accomplished by -=- 
taking the chi~lect 
(CSxx) LOW, while 
~ 
write enable (WE) remains HIGH. Under 
these conditions the contents of the mem- 
ory location specified on the address pins 
will appear on the data lines (Ox). 
The data output is in the high-impedance 
state when ch~nable 
(CSxx) is HIGH or 
write enable (WE)' 
LOW. 
Power is consum 
ch 4-bit nibble 
only when the a 
ate CS is enabled, 
thus reducin 
In the x4 or x8 mode. 


Functional 
Description 


The CYM1621 is a high-performance 
I-megabit static RAM module organized 
as 64K words by 16 bits. This module is 
constructed from sixteen 64K x 1 SRAMs 
in lead less chip carriers mounted on a ce- 
ramic substrate with pins. Four separate 
CS pins are used to control each 4-bit 
nibble of the 16-bit word. This feature 
permits the user to configure this module 
as either 256K x 4, 128K x 8 or 64K x 16 
organization through external decoding 
and appropriate pairing of the outputs. 
Writing to the device is accomplished 
when the chip select (CSxx) and write 
enable (WE) inputs are both LOW. Data 
on the data lines (Ox) is written into the 


Features 


• 
High-density 
1-megabit SRAM module 


• 
High-speed CMOS SRAMs 
- 
Access time of 20 ns 


• 
Customer 
configurable 
-x4, 
x8, x16 


• 
Low active power 
- 
6.8W (max.) 


• 
Hermetic 
SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .270 in. 


• 
Small PCB footprint 
- 
2 sq. in. 
• 
2V data retention 
(L version) 


DIP 
Top View 


GND 
D,s 
~'2-1S 
D4 
~ 
A, 
D'4 
A2 
Ds 
A3 
A4 
D'3 
As 
Ds 
As 
A'4 
D'2 
CS4-7 
D7 
A,s 


Vcc 
D 
" 
~S-l1 
Do 
Ao 
A'3 
DlO 
A'2 
D, 


A" 
A,0 
De 
Ae 
D2 
As 
A7 
Ds 
CSO-3 
D3 
GND 


lS 
Do-D,s 


1621·1 
1621·2 


1621HD-20 
1621HD-25 
1621HD-30 
1621HD-35 
1621HD-45 


Maximum Access Time (ns) 
20 
25 
30 
35 
45 


Maximum Operating 
Current (mA) 
Commercial 
1250 
1250 
1250 
1250 
1250 


Military 
1250 
1250 
1250 
1250 


Maximum Standby Current (mA) 
Commercial 
320 
320 
320 
320 
320 


Military 
320 
320 
320 
320 


2-465 
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Features 


• 
High-density 
I-megabit 
SRAM 
module 
• 
High-speed CMOS SRAMs 
- Access time of 25 ns 


• 
Low active power 
- 
2.2W (max.) 


• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 
• 
Pinout compatible 
with CYM1611 


and CYMI624 


• 
Low profile 
- 
Max. height of .50 in 


• 
Small PCB footprint 
- 
0.5 sq. in. (ceramic) 


- 
0.68 sq.. n. (FR4) 


the memory location specified on the ad- 
dress pins (Ae through A,.). 


Reading the device is accomplished by tak- 
i~chip 
select (CS) and output 
enable 


(OE) LOW while write enable (WE) re- 
mains 
inactive or HIGH. 
Under 
these 


conditions. the contents of the memory lo- 
cation specified on the address pins will 
appear on the approp~te 
data input/out- 
putpms. 
~ 


The input/outP~t 
emain in a high- 
impedance sta 
the module is se- 
lecte~~ 
nabJed. and write en- 


able~v 
H. 


~~ 


Functional Description 


The CYM1622 is a very high performance 
I-megabit static RAM module organized 
as 64K words by 16bits. The module is con- 
structed using four 64K x 4 static RAMs 
mounted 
onto 
a vertical substrate 
with 
pins. The pinout of this module is compat- 
ible 
with 
two 
other 
Cypress 
modules 
(CYMI611 
and CYM1624) to maximize 
system flexibility. 


Writing to the memory module is accom- 
plished when the chip select (CS) and write 
enable (WE) inputs are both LOW. Data 
on 
the 
sixteen 
input/output 
pins 
(1100 


through I/O ••) of the devioe is written into 


VDIP 
Top View 


1/°0 
1/°1 
1/02 
1/03 


AD 
A1 
A2 
A3 
A4 
A5 
Aa 
A7 
1/°4 
1/°5 
I/Oa 
1/07 
CS 


GND 


A14 
NC 


Vce 
1/°15 
1/0,4 
1/013 
1/0,2 
GND 
A13 
A12 
A'l 
AlO 
Ag 
Ae 
1/011 
1/°10 
I/Og 
I/Oe 
WE 
OE 
A'5 
NC 


1622-25 
1622-30 
1622-35 
1622-45 


Maximum Access Time (ns) 
25 
30 
35 
45 


Maximum Operating 
Current (mA) 
400 
400 
400 
400 


Maximum Standby Current (mA) 
140 
140 
140 
140 


Features 


• 
High-density 
I-megabit 
SRAM module 


• 
High-speed CMOS SRAMs 
- 
Access time of 25 ns 


• 
Low active power 
- 
2.75W Cmax.) 


• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Pin layout compatible with CYMI611 
and CYM1622 


• 
Low profile 
- 
Max. height of .54 in. 


• 
Small PCB footprint 
- 
0.7 sq. in. 


Functional 
Description 
into the memory location specified on the 
address pins CAethrough A15). 
The CYM1624 is a very high performance 
i-megabit static RAM module organized 
Reading the device is accomplished by 
2 


as 64K words by 16 bits. This module is 
taking c~select 
(CS) LOW, while write 


constructed using four 64K x 4 static 
enable (WE) remains inactive or HIGH. 


RAMs in SOJ packages mounted on an 
Under these condi' 
s, the contents of 


epoxy laminate board with pins. The 
the memory locati 
cified on the ad- 
pinout of this module is compatible with 
dress pins (Ae t 
IS) will appear on 


two other Cypress modules (CYM1611 
the appropri 
nput/output 
pins 


and CYM1622) to maximize system 
(UOo t r 
IS)' 
flexibility. 
Th 
/output pins remain in a 


Writing to the module is accomplished 
hi 
nce state when chip selec:!.- 


when the chip select (CE) and write en- 
(CS) 
GH or when write enable (WE) 


able (WE) inputs are both LOW. Data 0~@9W. 
the sixteen input/output 
pins (I10o 
~0:!/' 


through I10Is) 
of the device is wrilten~ 


Pin Configuration 


Plastic VDIP 


1624PV-25 
1624PV-35 
1624PV-45 


Maximum Access Time (ns) 
25 
35 
45 


Maximum Operating Current (mA) 
500 
500 
500 


Maximum Standby Current (mA) 
160 
160 
160 


-~.~ 
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Features 


• 
High-density 4-megabit SRAM 
module 


• 
High-speed CMOS SRAMs 
- Access time of 25 ns 


• 
Customer 
configurable 
-x4, 
x8, x16 


• 
Low active power 
-10W(max.) 


• 
Hermetic SMD technology 
• 
TTl.-compatible 
inputs and outputs 
• 
Low profile 
- 
Max. height of .300 in. 


• 
Small PCB footprint 
- 
2.2 sq. in. 


Functional Description 


The 
CYMI641 
is a high-performance 


4-megabit static RAM module organized 
as 256K words by 16 bits. This module is 
constructed from sixteen 256K x 1SRAMs 
in lead less chip carriers mounted on a ce- 
ramic substrate with pins. Four separate 
CS pins are used to control each 4-bit nib- 
ble of the 16-bit word. This feature permits 
the user to configure this module as either 
1M x 4, 512K x 8 or 256K x 16organization 
through external decoding and appropri- 
ate pairing of the outputs. 
Writing to the device isaccomplished when 
t~hip 
select (CSxx) and write enable 
(WEU,L) inputs are both Law. 
Data on 


the data lines (Dx) iswritten into the mem- 
ory location specified on the address pins 
(Ao through A17). 


Reading the device is accomplished by tak- 
ing the chip select (CSxx) LOW, while 
write enable (WEU,L)remains HIGH. Un- 
der these conditions 
the contents 
of the 


memory location specified on the address 
pins will appear oniiata 
lines (Dx). 


The data output is . 
'gh-impedance 


state when chi 
en 
xx) is HIGH or 


write enable ( 
. LOW. 


Power is 
in each 4-bit nibble 


only 
propriate CS is enabled, 


thus 
wer in the x4 or x8 mode. 


GND 
Vcc 


NC 
Do 


AD 
D, 


A, 
D2 


A2 
D 
ML 
~0-3 


~'-7 
A3 


D. 
A. 


Ds 
As 


Da 
Aa 


D7 
A7 


GND 
Aa 


Ag 
Vcc 


AlO 
Da 


All 
Dg 


A'2 
DlO 


A'3 
~1 
_WEu 
CSa-ll 


CS'2-'S 
A,. 


D'2 
A,s 


D'3 
A,a 


D,. 
All 


D,s 
NC 
,a 
l:{,-D'5 
Vcc 
GND 


1641-1 
1641-2 


1641-25 
1641-30 
1641-35 
1641-45 
1641-55 


Maximum Access Time (os) 
25 
30 
35 
45 
55 


Maximum 0fratiog 
Commercial 
1800 
1800 
1800 
1800 
1800 
Current (mA 
Military 
1800 
1800 
1800 


Maximum Standby 
Commercial 
560 
560 
560 
560 
560 
Current (mA) 
Military 
560 
560 
560 


":_-:2 
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Features 


• 
High-density 
768-kilobit SRAM 
module 
• 
High-speed CMOS SRAMs 
- Access time of 15 ns 


• 
56-pin, 0.5-inch-high 
ZIP package 
• 
Low active power 
- 
1.8W (max. for tM = 25 ns) 


• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 
• 
Commercial 
temperature 
range 
• 
Small PCB footprint 
- 
0.66 sq. in. 


Functional 
Description 


The 
CYM1720 
is a high-performance 
768-kilobit static RAM module organized 
as 32K words by 24 bits. This module is 
constructed 
using three 
32K x 8 static 
RAMs in SOJ packages mounted onto an 
epoxy laminate board with pins. 


Writing to the device is accomplished when 
the chip select (CS) and write enable (WE) 
inputs are both LOW. Data on the input/ 
output 
pins (1100 thorugh 
11023) 
of the 
device is written 
into the memory loca- 


tion specified 
on the address 
pins (Ao 


through AI'). 


Reading the device is accomplished by tak- 
i~he 
chip select (CS) and output enable 


(OE) LOW while write enable (WE) re- 
mains HIGH. Under these conditions, the 
contents of the memory location specified 
on the address pins will appear on the in- 
put/output 
pins. 


The input/output 
pins remain in a high- 


impedance state unl~t~; 
module is se- 


lected, outputs are e~ 
and write en- 
able is HIGH. ® 


~ 
@§;~ 


fII 


Pin Configuration 


ZIP 
Top View 


Vcc 
1 
Vcc 
2 
3 
1/00 
I/O, 
4 
5 
1/02 
1/03 
6 
7 
1/°4 


1/°5 
8 
9 
1/06 
J~D 
'0 " 
GND 


'2 
'3 
Ao 
A, 
14 '5 
A2 
A3 
'6 
17 
A4 
A5 
'8 
'9 
~ 


A7 
20 2' 
NC 
22 23 
NC 
GND 
24 25 
1/08 
1/09 
26 27 
1/010 
I/O" 
28 29 
1/°,2 
1/0,3 
30 


1/0,5 
3' 
~t) 
32 33 


~ 


34 35 
WE 
36 37 
A8 
A9 
38 39 
A10 
A" 
40 


A'3 
42 41 
A'2 
43 
A14 
NC 
44 45 
GND 
46 
GND 


1/°17 
48 47 
1/0,6 
49 
1/0,8 
1/0,9 
50 5' 
1/°2, 
52 53 
1/020 


1/°23 
54 55 
1/°22 
VCC 
56 
Vcc 


1720~2 


1720-25 
1720-30 
1720-35 


Maximum Access Time (ns) 
25 
30 
35 


Maximum Operating 
Current (mA) 
330 
330 
330 
Maximum Standby Current (mA) 
60 
60 
60 


CYPRESS 
SEMICONDUCTOR 


Features 


• 
High-density 512-kbit SRAM module 
• 
High-speed CMOS SRAMs 
- Access time of 12 ns 


• 
Low active power - 4W (max.) 


• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .50 in. 


• 
Small PCB footprint 
-1.0 sq. in. 


• 
JEDEC-compatible 
pinout 
• 
2V data retention 
(L version) 
• 
SIMM version socket-compatible 
with CYM1831 and CYM1841 


Logic Block Diagram 


Functional 
Description 


The 
CYM1821 
is a high-performance 
512-Kbit static RAM module organized as 
16K words by 32 bits. This module is con- 
structed from eight 16k x 4 SRAM SOJ 
packages 
mounted on an epoxy laminate 
board with pins. Four chip selects (CS" 
CS" CS3, and CS4) are used to independ- 
ently enable the four bytes. Reading or 
writing can be executed on individual bytes 
or 
any 
combination 
of 
multiple 
bytes 
through proper use of selects. 
Writing to each byte is accomplished when 
the 
appropria~chip 
selects (CSN) 
and 
write enable (WE) inputs are both LOW. 
Data on the input/output 
pins (I10x) is 
written into the memory location specified 
on the address pins (Ao through An)· 


Reading the device is accomplished by tak- 
ing the chip~ects 
(CSN) LOW, while 


write enable (WE) remains HIGH. Under 
these conditions the contents of the mem- 
ory location specified on the address pins 
will appear on the data input/output 
pins 


(I10x)· 
The data 
input/output 
pins stay in the 


~impedance 
stat~:_n 
write enable 


(WE) is LOW, or the~priate 
chip se- 
lects are HIGH. 
<7- 


Two 
pins 
(P 
POl) 
are 
used 


to identi 
memory 
density 
in 


applic 
re alternate 
versions of 


the J 
ndard modules can be in- 


terch 


PDo 
, 
GND 
Ao - A'3 
2 
3 
PD, 
1/°0 
4 
5 
1/08 
~ 
I/O, 
6 
7 
1/09 
~ 
1/02 
8 
9 
1/°10 
1/03 
'0 
" 
1/011 
Vcc 
12 '3 
Ao 
A7 
14 '5 
A, 
1/04 -1/07 
A8 
'6 
17 
A2 
A9 
'8 
'9 
1/°,2 
1/04 
20 21 
1/0,3 
~, 
1/05 
22 23 
1/0,4 
1/06 
24 25 
1/°'5 
I~ 
26 27 
GND 
1/0,2 
-1/0,5 
WE 
28 29 


~2 
~~ 
30 31 
32 


~2 
~3 
34 33 
~4 


NC 
36 35 
llQ 
GND 
38 37 
OE 
1/020 -1/°23 
1/0,6 
40 39 
1/°24 
1/°17 
42 4' 
1/025 


1/0,6 
44 43 
1/°26 


CS3 
1/0,9 
46 45 
1/°27 


A,o 
46 47 
J A3 


All 
50 49 
A4 


A'2 
52 5' 
As 
1/026 - 1/031 
53 
Vcc 
A'3 
54 55 
A6 
1/020 
56 57 


CS4 
1/°2, 
56 59 
i~§~ 
1/°22 
60 6' 
1/023 
62 63 
1/°3, 
GND 
64 


1821·1 
1821·2 


Selection 
Guide 


1821-15 
1821-20 
1821-25 
1821-35 
1821-45 


Maximum Access Time (ns) 
15 
20 
25 
35 
45 


Maximum Operating Current (mA) 
960 
720 
720 
720 
720 


Maximum Standby Current (mA) 
450 
160 
160 
160 
160 


Shaded area contains 
preliminary 
information 


2-470 


-~.:~ 
CYM1822 
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Features 


• 
High-density 512K-bit SRAM module 


• 
High-speed CMOS SRAMs 
- Access time of 12 ns 


• 
Low active power 
- 
5.3W (max.) 


• 
Hermetic SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .52 in. 


• 
Small PCB footprint 
- 
1.0 sq. in. 


• 
2V data retention 
(L version) 


16K X 32 Static RAM Module 


with Separate I/O 


Functional 
Description 


The CYM1822 is a high-performance 
512-kbit static RAM module organized 
as 16K words by 32 bits. This module is 
constructed from eight 16K x 4 separate 
110 SRAMs in lead less chip carriers 
mounted on a ceramic substrate with pins. 
Two chip selects (CSu and CSL) are used 
to independently 
enable the upper and 
lower 16-bit data words. 
Writing to the device is accomplished 
when the chip seJects (CSu and/or CSd 
and write enable (WE) inputs are both 
LOW: Data on the input pins (01.) is 


written into the memory location specified 
on the address pins (1\0 through An)· 
Reading the device is a~mplished 
~ 


taking the chip selects (CSu and/or CSd fII 
and out~enable 
(OE) LOW, while write 


enable (WE) remains HIGH. Under these 
conditions the contents of the memory 
location specified on the address pins will 
appear on the data output pins (DO.). 
The output pins stay in the high-impe- 
dance state whe~'te 
enable (WE) is 


LOW, the !!EJ?ropr 
chip selects are 


HIGH, or OE i ~ 
. 
@? 


Pin Configuration 


VDlP 


GND 
, 
88 
vcc 


DIO 
2 
87 
DOO 


DI1 
3 
86 
DO' 
DI2 
4 
85 
D02 


DI3 
5 
84 
D03 


DI4 
6 
83 
DC4 


DI5 
7 
82 
D05 
DI8 
8 
81 
D06 


DI7 
9 
80 
D07 
AD 
'0 
79 
AI 
A2 
" 
78 
A3 


A4 
'2 
77 
A5 


DI8 
'3 
76 
D08 


DI9 
'4 
75 
D09 


0110 
'5 
74 
DO'O 


0111 
'6 
73 
DO" 
0112 
17 
72 
DO'2 


DI13 
18 
71 
D013 


0114 
19 
70 
D014 


0115 
20 
69 
DO'5 


WE 
2. 
68 
CSL 
vcc 
22 
87 
GND 
~ 
23 
66 
csrr 
DI16 
24 
65 
DO'6 


0117 
25 
84 
D017 


0118 
26 
63 
DO'8 


0119 
27 
62 
DO'9 


0120 
28 
6' 
DOlO 


0121 
29 
60 
D02. 
0122 
30 
59 
D022 


0123 
31 
58 
D023 


A6 
32 
57 
A7 


A8 
33 
56 
A9 


A'O 
34 
55 
A" 


Al2 
35 
54 
A'3 


0124 
35 
53 
D024 


0125 
37 
52 
D025 


DI26 
38 
51 
D026 


0127 
39 
50 
D027 


DI28 
40 
49 
D028 
DI29 
4' 
48 
D029 


DI30 
42 
47 
D030 


0131 
43 
46 
D031 
GND 
44 
45 
vcc 
1822·2 


182211W15 1822HV,20 
1822HV-25 1822HV-30 
1822HV-35 1822HV-45 


Maximum Access Time (ns) 
20 
25 
30 
35 
45 
Maximum Operating 
Current 
Commercial 
91\ii1 
720 
720 
720 
720 
720 


(mA) 
Militarv 
960 
%0 
720 
720 
720 
720 
Maximum Standby Current 
Commercial 
160 
160 
160 
160 
160 


(mA) 
Militarv 
< 
.i: 
.···.·······:4:1U:· 
160 
160 
160 
160 


~_.~ 
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Features 


• 
High-density 
I-megabit 
SRAM 


module 
• 
High-speed CMOS SRAMs 
- Access time of 25 ns 


• 
66-pin, 1.1-inch-square 
PGA package 


• 
Low active power 
- 
3.3W (max.) 


• 
Hermetic SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Commercial 
and military 
temperature 
ranges 


Ao - A,. 
15 
m: 


WE, 
CS, 


WE2 
CS2 


WE3 
CS3 


WE. 
CS. 


@? 


selecti~de 


Functional 
Description 


The CYMI828 is a very high performance 
I-megabit static RAM module organized 
as 32K words by 32 bits. The module iscon- 
structed using four 32K x 8 static RAMs 
mounted 
onto a multilaye.£...5er~ic sub- 
strate. Four chip selects (CS h CSz, CS3, 
CS4) are used to independently 
enable the 
four bytes. Reading or writing can be ex- 
ecuted on individual bytes or any combina- 
tion of multiple bytes through proper use 
of selects. 


Writing to each byte is accomplished when 
the 
appropri~chip 
selects (CSN) and 


write enable (WEN) inputs are both illW. 


Data on the input/output 
pins (IIOx) is 


written into the memory location specified 
on the address pins (Ao through A14). 


Reading the device is accomplished by lak- 
ing chip selects illW 
while write enable 


remains HIGH. 
Under these conditions, 
the contents of the memory location speci- 
fied on the address pins will appear on the 
data input/output 
pi 


The data input/ou 
high- impedance s 
is LOW or the 
~ 
HIGH. 
~ 


12 
34 
.5 
66 


Ovo.O~ 
NC 0 
Vc< 0 
1/0,,0 
o I/O.iff} 
I/O" 
1/0,,0 
cs.O 
1/0",0 


~ 
NDOI/O" 
1/0,.0 
WE. 0 
1/0,,0 


A'3 0 1/011 0 
VOll 
". 
0 
1/0,,0 
1/0,,0 


A" o A" ODE 
A, 0 
A, 0 
A, 0 
o NC OA" o NC 
NC0 
A, 0 
A, 0 
o NC OA" o WE, 
". 
0 
A, 0 
A, 0 
o NC o Vc< 
01/0, 
•• 0 
ViE,O 
1/0,,0 


01/0. 
Ocs, 
Olto. 
1/0,,0 
cs,0 
1/0,,0 


01/0, o NC 01/0, 
1/0,,0 
GNDO 1/0,,0 


01/0, 
01/0, 
01/0. 
1/0,,0 
1/0,,0 
I/J200 


" 
22 
33 
4. 
55 
66 
1828-2 


1828-25 
1828-30 
1828-35 
1828-45 
1828-55 
1828-70 


Maximum Access Time (ns) 
25 
30 
35 
45 
55 
70 


Maximum Operating Current (mA) 
Commercial 
600 
600 
600 
600 
600 
600 


Military 
600 
600 
600 
600 


Maximum Standby Current (mA) 
Commercial 
200 
200 
200 
200 
200 
200 


Military 
200 
200 
200 
200 


• 
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Features 


• 
High-density 2-megabit SRAM module 


• 
High-speed CMOS SRAMs 
- 
Access time of 25 ns 


• 
Independent 
byte and word controls 


• 
Low active power 
- 
4.8W (max.) 


• 
Hermetic SMO technology 


• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .270 in. 


• 
Small PCB footprint 
-1.8 sq. in. 


C?, 
WE1 


Functional 
Description 


The CYM1830 is a high-perfonnance 
2-megabit static RAM module organized 
as 64K words by 32 bits. This module is 
constructed from eight 64K x 4 SRAMs in 
LeC packages mounted on a ceramic sub- 
strate with pins. Four chip selects (Cs" 
CSt ,CS, and CSJ) are used to independ- 
ently enable the four bytes. Two write en- 
ables (WEo and WE,) are used to inde- 
pendently write to either upper or lower 
16-bit word of RAM. Reading 
or writing 


can be executed on individual bytes or any 
combination 
of multiple bytes through 
proper use of selects and write enables. 
Writing to each byte is acco!!!£lished when 
the appropriate 
chip select (CSx) and write 


64K X 32 Static RAM 
Module 


enable (WEx) inputs are both LOW. Data 
on the input/output 
pins (1I0~is written 
into the memory location specified on the 
address pins (An through A15). 
Reading the device is accomplished by 
taking the chip selects (C~ 
LOW, while 


write enables(WEx) 
remains HIGH. Un- 


der these conditions the contents of the 
memory location specified on the address 
pins will appear on the data input/output 


pins (1I0~. 
~ 


The Data input/ 
ins stay in the 


high-impedance 
when write enables 


(WEx) ~;".~or 
the appropriate 
chip 
selects~_ 
•. 


1/028 -1/°31 


1830·1 


1830-2 


1830HO-25 
1830HO-30 
1830HO-35 
1830HO-45 
1830HO-55 


25 
30 
35 
45 
55 


880 
880 
880 
880 
880 


880 
880 
880 


320 
320 
320 
320 
320 


320 
320 
320 


Commercial 


Military 


Commercial 


Military 


~_.~ 
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Features 


• 
High-density 2-Mbit SRAM module 
• 
High-speed CMOS SRAMs 
- Access time of 20 ns 


• 
Low active power 
-4W(max.) 


• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 
• 
Low profile 
- 
Max. height of .50 in. 


• 
Small PCB footprint 
- 
1.2 sq. in. 


• 
JEDEC-compatible 
pinout 


Functional Description 


The 
CYM1831 
is a high-performance 
2-Mbit static RAM module organized as 
64K words by 32 bits. This module is con- 
structed from eight 64K x 4 SRAMs in SOJ 
packages 
mounted on an epoxy laminate 
board with pins. Four chip selects (CS" 
CS,. CS3 and CS.) are used to indepen- 
dently enable the four bytes. Reading or 
writing can be executed on individual bytes 
or 
any 
combination 
of 
multiple 
bytes 
through proper use of selects. 
Writing to each byte is accomplished when 
the 
appropriate 
chip selects (CSN) and 
write enable (WE) inputs are both LOW 
Data on the input/output 
pins (I/Ox) is 
written into the memory location specified 
on the address pins (Ao through A1s)· 


Reading the device is accomplished by tak- 
ing the c~selects 
(CSN) LOW and output 
enable 
(OE) 
LOW 
while write enable 
(WE) remains HIGH. Under these condi- 
tions the contents of the memory location 
specified on the address pins will appear 
on the data input/output 
pins (I/Ox). 


The 
data 
input/output 
pins stay in the 


h.i&!!:-impedancestat~~_n 
write enable 


(WE) is LOW or the~priate 
chip 
selects are HIGH. 
(7. 


Two pins (pD 
Dl) 
are used to 


identify 
ory density in 
appli 
e alternate versions 
of th 
-standard 
modules can be 


interc 


ZIP/SIMM 


Top View 


POO 
, 
GNo 


3 
POl 
1/00 
5 
I/Oa 
I/O, 
7 
1/09 
1/02 
9 
1/010 
1/03 
" 
I/O" 
Vcc 
'3 
Ao 
A7 
'5 
A, 
Aa 
17 
A2 
A9 
'9 
I/O" 
lID. 
" 
1/0'3 
1/05 
23 
lID,. 
1/06 
1& 


25 
1/0'5 
27 
GNo 
~; 


29 


~2 
31 


CS3 
33 
~4 


NC 
35 
~ 
GNo 
37 


1/0,6 
39 
1/024 


1/017 
4' 
1/025 


1/0,a 
43 
1/026 


1/0,9 
4 
1/027 


AlO 
47 
A3 


A" 
49 
A4 


A" 
5' 
A5 


A'3 
53 
Vcc 


1/020 
55 
A6 
57 
lID" 
59 
ii§~ 
I/O" 
6' 
1/023 
GNo 
63 
1/031 


1831-2 


1831-20 
1831-25 
1831-30 
1831-35 
1831-45 


Maximum Access Time (ns) 
20 
25 
30 
35 
45 


Maximum Operating 
Current (mA) 
960 
720 
720 
720 
720 


Maximum Standby Current (mA) 
160 
160 
160 
160 
160 
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Features 


• 
High-density 
2M-bit SRAM module 


• 
High-speed CMOS SRAMs 
- Access time of 25 ns 


• 
Low active power 
- 
SAW (max.) 


• 
SMD technology 
• 
TTI,compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .50 in. 


• 
Small PCB footprint 
-1.0 sq. in. 


Functional Description 


The CYM1832 is a high-performance 
2-Mbit static RAM module organized as 
64K words by 32 bits. This module is con- 
structed from eight 64K x 4 SRAMs in 
SoJ packages 
mounted on an epoxy lami- 
nate board with pins. Four chip selects 
(CSlo CSz, CS" and CS.) are used to inde- 
pendently enable the four bytes. Reading 
or writing can be executed on individual 
bytes or any combination of multiple bytes 
through proper use of selects. 
Writing to each byte is accom..£!.ishedwhen 
the appropriate chip selects (CSN) and 
write enable (WE) inputs are both LOW 
Data on the input/output 
pins 


64K X 32 Static RAM 
Module 


(IIo,.} is written into the memory 
location specified on the address pins 
(Ao through Als)· 
2 


Reading the device is accomplished by 
taking the chi~lects 
(CSN) LOW, while 


write enable (WE) remains HIGH. Under 
these conditions the contents of the mem- 
ory location specified on the address pins 
will appear on the data input/output 
pins 


(IIox)· 
The data input/ou~Pins 
stay in the 


~-impedance 
st 
hen write enable 


(WE) is LOl-l~ 
propriate chip 
selects are ~~ 


~ 


~Win 
Configuration 


~ 
ZIP 


~ ~& 
i~:T'i '";9:- ~r. 
~'0 
1/03 
8 
11011 


1104 -1/07 
VAcc 
10 
" 
Ao 


7 
12 13 
~, 


I/O~: 
~::~ 
lib '2 


1/04 
18 19 
1/013 


1/05 
20 21 
1/0'4 


I~ 
~ 
23 
110,5 


WE 
25 
~20 
Vcc 
~ 
~ 
~4 


~3' 
~ 
31 
A,4 
A,s 
P/go 
34 ~ 
1/024 
16 
36 37 
1/025 
1/017 
38 
1/0'8 
40 
39 
1/026 


1/0,9 
42 4' 
1/027 


AlO 
44 43 
A3 


Al1 
48 45 
A4 


A'2 
48:~ 
e&: 


1I~2O'3 
50 51 
A6 


1/021 
~ 
53 
1/8 


11022 
56 55 
l~oH 
1/°23 
58 
~~ 
11031 
GNO 
60 


1832PZ-25 
1832PZ-35 
1832PZ-45 
1832PZ-55 


Maximum Access Time (ns) 
25 
35 
45 
55 


Maximum Operating 
Current (mA) 
980 
980 
980 
980 


Maximum Standby Current (mA) 
240 
240 
240 
240 


Features 


• 
High-density 4-megabit SRAM 
module 
• 
High-speed CMOS SRAMs 
- Access time of 30 ns 


• 
66-pin, 1.1-inch-square 
PGA package 


• 
Hermetic SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Commercial 
and military 
temperature 
ranges 


Functional Description 


The CYM1838 is a very high performance 
4-megabit static RAM module organized 
as 128K words by 32 bits. The module is 
constructed 
using four 
128K x 8 static 
RAMs mounted onto a ceramic substrate. 
Four chip selects (CS;, CS" CS" CS.) are 
used to independently 
enablc the four by- 
tes. Reading or writing can be executed on 
individual bytes or any combination 
of 
multiple bytes through proper use of se- 
lects. 


Writing to each byte is accomplished when 
the appropri~chip 
selects (CSN) and 
write enable (WEN) inputs are both LOW: 


Data on the input/output 
pins (VOx) is 


written into the memory location specified 
on the address pins (Ao through AI6). 


Reading the device is accomplished by tak- 
ing chip selects LOW while write enable 
remains HIGH. 
Under these conditions, 


the contents of the memory location speci- 
fied on the address pins will appear on the 
data input/output 
pi 


The data input/ou 
high- impedance s 
isLOWorthe 
~ 
HIGH. ® 


01 


1.090 MAX.J 
r- 1 090 MAX --1 


0.299 
0.359, 


112233 
.e. 
8e8 
••• 
8e. 
8 •• 
8e8.8e. 
•e. 
••• 
••• 
1 1223 


445566 
e. 
•• 8 
••• 
••• 
..8 
•• 
8 
1.000 TYp. 


•• 8 
••• 
..8 
••• 
•• 
344556 
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Features 


• 
High-density 
8-megabit SRAM 
module 
• 
High-speed CMOS SRAMs 
- Access time of 25 ns 


• 
Independent 
byte and word controls 
• 
Low active power 
- 
6.2W (max.) 


• 
Hermetic SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .290 in. (HD) 


• 
Small PCB footprint 
- 
1.8 sq. in. 


256K X 32 Static RAM 
Module 


Functional Description 
enable (WE.) inputs are both Ww. Data 
on the input/output 
pins (IJOx) is written 


The 
CYMl840 
is a high-performance 
into the memory location specified on the 


8-megabit static RAM module organized 
address pins (Ao through Al7). 


as 256K words by 32 bits. This module is 
• 
constructed from eight 256Kx 4SRAMs in 
Reading 
the device is accomplished 
by 


LeC packages mounted on a ceramic sub- 
taking the chip selects (CSx) LOW. while 


strat~th 
pi~Four 
chip selects (CSo• 
write enables (WEx) remain HIGH. 
Un- 


CS" CS2, and CS3) are used to independ- 
der these conditio~contents 
of the 


ently enable the four bytes. Two write en- 
memory location s 
on the address 


abIes (WEo and WE,) are used to inde- 
pins will appea~ 
data input/output 


pendently 
write to either 
the upper 
or 
pins (Vax). 
<7- 
lower 16-bit word of RAM. Reading 
or 
The ~a 
tput pins stay in the 


writing can be executed on individual bytes 
~-' 
state when write enables 


or on any combination 
of multiple bytes 
(WE 
W or the appropriate 
chip 


through the proper use of selects and write 
selects 
IGH. 


enables. 
~ 
Writing to each byte is acco11!Rlishedwhen ~CQr 
the appropriate chip select (CSx) and wr' 
~ 


Pin Configuration 


DIP 


Vcc 
1 
60 
GND 
Ao 
2 
59 
1/0:3, 


1100 
3 
58 
1/0:30 


liD, 
4 
57 
1I0zg 


1/02 
5 
58 
1/D.!8 


~ 
6 
55 
A17 
7 
54 
A'8 


A, 
8 
53 
l:S3 
1/04 
9 
52 
1/D.!7 
1/05 
'0 
51 
1/D.1a 


1/06 
" 


50 
1/D.!5 


1/07 
'2 
49 
1/D.!4 


A2 
'3 
48 
A'5 
A3 
'4 
47 
.&4 
~ 
'5 
46 
WE, 


A4 
'6 
45 
A'3 
As 
17 
44 
A'2 
1/08 
'8 
43 
1/D.!3 


1/09 
19 
42 
1/D.!2 


110,0 
20 
4' 
liD.!, 


110" 
2' 
40 
IID.!o 
A6 
22 
39 
A" 
A7 
23 
38 
AIO 
~ 
24 
37 
l:S2 


110,2 
25 
38 
110,9 


1/0,3 
26 
35 
1/0,8 


1/0,4 
27 
34 
110,7 


I/~~ 
28 
33 
1/0,6 


29 
32 
Ag 


GND 
30 
3' 
Vcc 


1840-2 


1840-25 
1840-30 
1840-35 
1840-45 
1840-55 


Maximum Access Time (ns) 
25 
30 
35 
45 
55 


Maximum 0serating 
Commercial 
1120 
1120 
1120 
1120 
1120 
Current (mA 
Military 
1120 
1120 
1120 


Maximum Standby 
Commercial 
320 
320 
320 
320 
320 


Current (mA) 
Military 
320 
320 
320 
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Features 


• 
High-density 
8-megabit SRAM 
module 
• 
High-speed CMOS SRAMs 
- Access time of 25 ns 


• 
Low active power 
- 
5.3W (max.) 


• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .58 in. 


• 
Small PCB footprint 
-1.3 sq. in. 


• 
JEDEC-compatible 
pinout 
• 
Available in SIMM or ZIP format 


Functional 
Description 


The 
CYM1841 
is a high-performance 
8-megabit static RAM module organized 
as 256K words by 32 bits. This module is 
constructed from eight 256K x 4 SRAMs in 
SOJ packages mounted on an epoxy lami- 
nate boarc!-wit!!"'pins. Four chip selects 
(CS" CS2, CS3, CS4) are used to indepen- 
dently enable the four bytes. Reading or 
writing can be executed on individual bytes 
or 
any combination 
of 
multiple 
bytes 
through proper use of selects. 


Writing to each byte is acco~lished 
when 
the appr.QQ!jatechip select (CSN) and write 
enable (WE) inputs are both Law. 
Data 
on the input/output 
pins (1I0x) is written 


into the memory location specified on the 
address pins (Ao through Al7). 
Reading the device is accomplished by tak- 
ing the ~ 
select (CSN) LOW while write 


enable (WE) remains HIGH. Under these 
conditions, the contents of the memory lo- 
cation specified on the address pins will 
appear 
on 
the 
data 
input/output 
pins 


(1I0x). 
The 
data 
input/ou 
high-impedance st 
LOW or the a ~ 
te chip selects are 


HIGH. 
~ 
TWO~ 
d PO,) are used to identi- 


fy m 
ory density in applications 


where 
ate versions of the JEDEC- 


rd modules can be interchanged. 


1/04 -1/07 
~, 


1/0,2 
-I/O,s 


~2 


1/020 -1/023 


CS3 


1/028 -1/03, 


Pin Configuration 


ZIP 


Top View 


itg~ 
GND 
2 
PD, 
4 
1/08 
I/O, 
6 


1/02 
8 
1/09 
1/010 
1/03 
'0 
I/O" 
Vcc 
'2 
Ao 
A7 
'4 
A, 
A8 
'8 
A2 
A9 
'8 
1/0,2 
1/04 
20 


1/05 
22 
1/0,3 


1/06 
24 
1/0,4 


I~ 
26 
I/O,s 
GND 


~~ 


28 


~2 


30 
32 


~3 
34 33 
~4 


A'6 
36 35 
~ 


GND 
38 37 
DE 


1/0,6 
40 39 
1/024 


1/017 
42 4' 
1/025 


1/0,8 
44 43 
1/026 


1/0,9 
46 45 
1/027 
AIO 
48 47 
A3 


A" 
50 49 
A4 


A'2 
52 5' 
As 


A'3 
54 53 
Vcc 


1/020 
56 55 
A8 
57 
1/021 
58 59 
1/028 


1/022 
50 6' 
1/029 


1/023 
62 
1/030 
GND 
64 63 
1/03, 


1641-2 


1841-25 
1841-30 
1841-35 
1841-45 
1841-55 


Maximum Access Time (ns) 
25 
30 
35 
45 
55 
Maximum Operating 
Current (mA) 
960 
960 
960 
960 
960 
Maximum Standby Current (mA) 
480 
480 
480 
480 
480 
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Features 


• 
High-density 
i-megabit 
SRAM module 


• 
High-speed CMOS SRAMs 
- 
Access time of 25 ns 


• 
Low active power 
- 
10.4W (max.) 


• 
SMD technology 
• 
Registered address 
inputs 


• 
Four completely independent 
memory 
banks 


• 
Small PCB footprint 


- 
1.9 sq. in. 


Functional Description 
into the memory location specified by the 
content of the address register. The ad- 


The CYMI910 is a very high perform- 
dress register is loaded on the rising edge 


ance I-megabit static RAM module 
of the clock signal (CLK). 


organized as 16K words by 68 bits. This 
Reading the device is accomplished by 


module is constructed using seventeen 
taking chip select (CSx) and output enable 


16K x 4 static RAMs in SOJ packages 
(OE.) low while 
emains inactive or 


mounted onto an epoxy laminate board 
with pins. The memory is organized as 
HIGH. Under t 
itions. the con- 


three banks of 16K x 16 and one of 16K x 
tents of the 
tion specified by 


20. each of which has its own chip select. 
the contents 
address register will 


write enable. and output enable signals. 
appe~r 
propriate data input/out- 


Writing to the module is accomplished 
put 
nn). 
. 
.. 


when the appropriate chip select (CSx) 
The 
. 
put/output 
pms remam m a 


and write enable (WE.) inputs are both ~-Impedance 
state when chIp select 


. 
. 
or output enable (OE.) ISHIGH. or 
Law. 
Data on the appropnate 
mput/ou 
't 
bl 
(we)' 
Law. 
put pins (I/Onn) of the device is writte 
en wrl e ena 
e 
'-'x IS 
. 


Pin Configuration 


Plastic VDIP 


Top View 


OND 
104 
Vcc 
vo, 
103 
I/~t. 


va, 
102 
1/030\ 


VO, 
101 
110" 


110, 
100 
liOn 


110. 
99 
1/031 


VOS 
98 
va,. 


lto. 
97 
11029 


1107 
96 
1/026 


va. 
95 
11021 


.!LOg 
94 
~ 
~ 
94 
WE. 


aE. 
92 
OND 
OND 
91 
Q9 
cs. 
90 
WE" 
VO,0 
89 
1/025 


1/0,1 
88 
Vol4 


1/0'2 
87 
va" 


1/0,3 
88 
II0u 


1/0\4 
85 
11021 


1/015 
84 
11020 


11016 
83 
VO" 


11017 
82 
VOH~ 


OND 
81 
~ 


A, 
80 
A, 
~ 
79 
A, 


A" 
78 
"" 
A, 
77 
"" 
~ 
78 
A" 


A" 
75 
A" 


A" 
74 
eLK 
va" 
73 
lto., 


1/037 
72 
1/0.. 


110" 
71 
lto., 


lie" 
70 
1/0.. 


1/0.0 
69 
1/0., 


110.1 
68 
va., 


I/O.z 
67 
lto.. 


11043 
88 
!!Q,o 
~ 
65 
W~ 


GEe 
64 
OND 


1/00-67 
OND 
63 
Q§, 


CSo 
62 
WEe 


110 •• 
61 
1/0Ml 


1/0.5 
80 
va", 


1/046 
59 
lIos7 


1910-1 
1/047 
58 
1/056 


1/048 
57 
l/oS5 


110.9 
56 
I/O!><' 


110", 
55 
110" 


1/°51 
54 
IIOs2 


Vcc 
53 
OND 


1910-2 


2-479 


Features 


• 
High-density 
I-megabit 
SRAM module 


• 
High-speed CMOS SRAMs 
- 
Access time of 25 ns 


• 
Low active power 


- 
IO.4W 
(max.) 


• 
SMD technology 


• 
Latched address inputs 
• 
Four completely independent 
memory 
banks 


• 
Small PCB footprint 
- 
1.9 sq. in. 


Functional 
Description 


The CYM1911 is a very high 
performance 
i-megabit static RAM 


module organized as 16K words by 
68 bits. This module is constructed using 
seventeen 16K x 4 static RAMs in SOJ 
packages mounted onto an epoxy lami- 
nate board with pins. The memory is 
organized as three banks of 16K x 16 and 
one of 16K x 20, each of which has its 
own chip select, write enable, and output 
enable signals. 
Writing to the module is accomplished 
when the appropriate chip select (CSx) 
and write enable (WEx) inputs are both 
LOW. If Latch Enable (ALE) is HIGH, 
data on the appropriate input/output 
pins 
(1I0nn)of the device is written into the 
memory location specified on the addr 
pins (Ao through An). If ALE is 
data is written into the address 


by the contents of the address latch. The 
value in this latch is updated on the fall- 
ing edge of ALE. 
Reading the device is accomplished by 
takin~ip 
select (CSx) and output en- 
able (OEx) LOW W~'le WEx remains in- 
active or HIGH. If 
ch Enable (ALE) 


is HIGH, the~ 
the memory 


location spec' 
he address pins 


(Ao thro~ 
'11 appear on the ap- 


pro~r' 
nput/output 
pins (1I0nn). 


If 
. 
, the contents of the 


me 
tion specified by the value in 


~ 
ress latch will appear on I/Onn' 


::~data 
input/output 
pins remain in a 


~h-impedance 
state when chip select 


(CSx) or output cnableJQ.Ex) 
is HIGH, 


or when write enable (WEx) is Law. 


Pin Configuration 


Plastic VDIP 
,. 
104 
2 
103 
3 
102 
4 
101 
5 
100 
6 
99 
7 
98 
8 
97 
9 
96 
10 
95 
11 
94 


12 
94 
13 
92 
14 
91 
IS 
90 
16 
89 
17 
88 
18 
87 
19 
86 
20 
85 
21 
84 
22 
83 
23 
82 
24 
81 
25 
80 


26 
79 
27 
78 
28 
77 
29 
76 
30 
75 
31 
74 
32 
73 
33 
72 
34 
71 
35 
70 


~ 


36 
69 
37 
68 
38 
67 


!= 
39 
66 
40 
65 
41 
64 


!= 
42 
63 
43 
62 
44 
81 
~ 45 
80 
46 
59 


~ 47 
58 
48 
57 


;= 
49 
56 
50 
55 
51 
54 
~ 


Features 


• 
Very high speed 2S6K SRAM module 
- Access time of 10 nsec. 


• 
300-mil-wide hermetic DIP package 
• 
Low active power 
- 
1.8W (max.) 


• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 
• 
On-chip decode for speed and density 
• 
JEDEC pinout-compatible 
with 
7C194 monolithic 
SRAMs 
• 
Small PCB footprint 
- 
0.36 sq. in. 


Maximum Standby 
Current (mA) 


Functional 
Description 


The CY7M194 is an extremely high per- 
formance 256-kilobit static RAM module 
organized as 65,536 words by 4 bits. This 
module is constructed using four 16K x 4 
static RAMs in LeC packages mounted on 
a 300-mil-wide 
ceramic 
substrate. 
Ex- 
tremely 
high 
speed 
and 
density 
are 


achieved by using BiCMOS SRAMs con- 
taining internal address decoding logic. 


Writing to the module 
is accomplished 
when~ 
chip enable (CE) and write en- 
able (WE) inputs are both LOW. Data on 
the four input pins (1100 through Va,) of 


the device is written into the memory loca- 
tion specified 
on the address 
pins (Ae 


through A1s). 
. 


Reading the device is accomplished by tak- 
ing the c!!.i2-enable(CE) LOW, while write 
enable (WE) remains inactive or HIGH. 
Under these conditions, 
the contents of 


the memory location specified on the ad- 
dress pins (Ae throug 
15) will appear on 


the four output pins 
through Va,). 


The data output 
i 
ain in a high- im- 
pedance 
state 
he module 
is se- 
lected an 
. 
ble (WE) is HIGH. 


Pin Configuration 


DIP 
Top View 


Ae 
Vcc 


A7 
As 


As 
A-. 


Ag 
A3 


AlO 
Az 


A" 
A1 


A,z 
Ao 


A'3 
1/°3 


A,. 
I/Oz 


A,s 
10 
1/01 


CE 
" 
1/°0 


1/°0-1/°3 
GND 
1Z 
WE 


Ml94-Z 


Ml94-1 


Commercial 


Military 


Commercial 


Military 


}iMt9itio??~b94at} 


10 


325 


7M194-20 


20 


20 


375 


7M194-1S 


15 


325 


375 


200 


250 
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Features 


• 
Very high speed 256k SRAM module 
- Access time of 10 nsec. 


• 
300-mil-wide hermetic DIP package 


• 
Low active power 
- 2.1W (max.) 


• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 
• 
On-chip decode for speed and density 
• 
JEDEC pinout-compatible 
with 
7C199 monolithic 
SRAMs 


• 
Small PCB footprint 
- 
0.42 sq. in. 


Maximum A 


Maxim 
Curren 


Maximum Standby 
Current (mA) 
Military 


Shaded area contains preliminary information. 


Functional Description 


The CY7M199 is an extremely high per- 
forrnance 256-kilobit static RAM 
module 
organized as 32,768 words by 8 bits. This 
module is constructed using 
four 16k x 4 
static RAMs in LeC packages mounted on 
a 300-mil-wide 
ceramic 
substrate. 
Ex- 
tremely 
high 
speed 
and 
density 
are 
achieved by using biCMOS SRAMs con- 
taining internal address decoding logic. 


Writing to the modulU 
accomplished 
when~ 
chip enable (CE) and write en- 
able (WE) inputs are both LOW Data on 
the eight input pins (1/00 through I/O,) of 
the device is written into the memory loc- 


ation specified on the address pins (Ao 
through AI4). 
Reading the device is accomplished by tak- 
ing the chip enable (CE) and output en- 
able (0E) LOW, while write enable (WE) 
remains inactive or HIGH. 
Under these 


conditions, the contents of the memory lo- 
cation specified on the address pins (Ao 
through A14) will app 
on the eight out- 


put pins (I/Oo thro 
,). 


The data output 
i ~ 
ain in a high-im- 


pedance 
state 
he module 
is se- 
lected~ 
nabled, and write en- 


able ~~~rvuH. 


~~ 
Configuration 


~lf@ 


~ 
~ 


Commercial 


Military 


Commercial 


7M199-15 
7M199-20 


15 
20 


375 


425 
425 


200 


250 
250 
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Device Number 
Description 


CY7B201 
131,072x 8 Reprogrammable PROM 
3-4 
CY7B21O 
65,536x 16Reprogrammable Registered PROM 
3-5 
CY7B211 
65,536x 16 Reprogrammable Registered PROM 
3-5 
CY7C225 
512x8 RegisterstedPROM 
3-7 
CY7C235 
1024x 8 Registered PROM 
3-14 
CY7C245 
2048x 8 ReprogrammableReigstered PROM 
3-21 


CY7C245A 
2048x 8 ReprogrammableRegistered PROM 
3-30 
CY7C251 
16,384x 8 Power Switched and Reprogrammable PROM 
3-38 
CY7C254 
16,384x 8 Reprogrammable PROM 
3-38 
CY7C261 
8192x 8 Power Switched and Reprogrammable PROM 
3-44 
CY7C263 
8192x 8 Reprogrammable PROM 
3-44 
CY7C264 
8192x 8 Reprogrammable PROM 
3-44 
CY7C265 
64K Registered PROM 
3-53 
CY7C266 
8192x 8 Power Switched and Reprogrammable PROM 
3-61 


CY7C268 
64K Registered Diagnostic PROM 
3-67 
CY7C269 
64K Registered Diagnostic PROM 
3-67 


CY7C271 
32,768x 8 Power Switched and Reprogrammable PROM 
3-77 
CY7C274 
32,768x 8 Reprogrammable PROM 
3-77 
CY7C277 
32,768x 8 Reprogrammable Registered PROM 
3-83 
CY7C279 
32,768x 8 Reprogrammable Registered PROM 
3-83 
CY7C281 
1024x 8 PROM 
3-92 
CY7C282 
1024x 8 PROM 
3-92 


CY7C285 
65,536x 8 Reprogrammable Fast Column Access PROM 
3-101 


CY7C289 
65,536x 8 Reprogrammable Fast Column Access PROM 
3-101 


CY7C286 
65,536x 8 Reprogrammable Registered PROM 
3-108 


CY7C287 
65,536x 8 Reprogrammable Registered PROM 
3-108 
CY7C291 
2048x 8 Reprogrammable PROM 
3-113 
CY7C292 
2048x 8 Reprogrammable PROM 
3-113 
CY7C291A 
2048x 8 Reprogrammable PROM 
3-120 
CY7C292A 
2048x 8 Reprogrammable PROM 
3-120 
CY7C293A 
2048x 8 Reprogrammable PROM 
3-120 
PROM Programming Information 
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1: Product Line Overview 


The Cypress 
CMOS 
family of PROMs 
span 4K to 512K 


bit densities, 
three 
functional 
configurations, 
and are all 


byte-wide. 
The product 
line is available in both 0.3 and 0.6 


inch wide dual-in-line 
plastic and CERDIP 
as well as LCC 


and 
PLCC 
packages. 
The 
programming 
technology 
is 


EPROM 
and therefore 
windowed 
packages are available in 


both dual-in-line 
and LCC configurations, 
providing 
eras- 


able products. 
These 
byte-wide 
products 
are available 
in 


registered 
versions at the 512, IK, 2K, 8K, 32K, and 64K 


by 8 densities and in non-registered 
versions at the IK, 2K, 
8K, 16K, 32K, and 64K by 8 densities. 
The registered 
de- 


vices operate 
in either 
synchronous 
or asynchronous 
out- 


put 
enable 
modes 
and may have an initialize 
feature 
to 


preload 
the pipeline register. The 8K by 8 registered 
devic- 


es feature 
a diagnostic 
shadow 
register 
which 
allows the 


pipeline register to be loaded or examined 
via a serial path. 


Cypress PROMs 
perform at the level of their bipolar equiv- 


alents or beyond with reduced power levels of CMOS tech- 
nology. They are capable of 200 I volts of ESD and operate 
with 10% power supply tolerances. 


2: Technology Introduction 


Cypress 
PROMs 
are 
executed 
in an 
"N" 
well CMOS 


EPROM 
process. 
Densities 
of 128K and under 
with the 


exception 
of the 
"A" 
series devices 
use the 
1.2 micron 
PROM 
I technology. 
The 16K "A" series devices and the 


future 
256K PROMs 
use the 0.8 micron 
PROM 
II tech- 


nology with a single ended memory 
cell. The process pro- 


vides basic gate delays of 235 picoseconds 
for a fanout 
of 


one at a power consumption 
of 45 femto joules. The pro- 


cess provides the basis for the development 
of LSI products 


that 
outperform 
the 
fastest 
bipolar 
products 
currently 


available. 


Although 
CMOS 
static 
RAMs 
have 
challenged 
bipolar 
RAMs 
for speed, 
CMOS 
EPROMs 
have always 
been a 


factor 
of three 
to 
ten 
times 
slower 
than 
bipolar 
fuse 


PROMs. 
There have been two major limitations 
on CMOS 
EPROM 
speed; I) the single transistor 
EPROM 
cell is in- 


herently 
slower 
than 
the 
bipolar 
fuse 
element, 
and 
2) 


CMOS EPROM 
technologies 
have been optimized 
for cell 


programmability 
and density, almost always at the expense 


of speed. In the Cypress CMOS EPROM 
technology, 
both 


of the aformentioned 
limitations 
have been overcome 
to 


create 
CMOS 
PROMs 
with 
performance 
superior 
to 


PROMs 
implemented 
in bipolar 
technology. 


In all Cypress PROMs, 
speed and programmability 
are op- 


timIzed 
Independently 
by separating 
the 
read 
and 
write 


transistor 
functions. 
Also, for· the first time a substrate 
bias 


generator 
is employed 
in an EPROM 
technology 
to im- 


prove performance 
and raise latchup 
immunity 
to greater 


than 200 mA. The result is a CMOS EPROM 
technology 


that 
challenges 
bipolar 
fuse technology 
for both 
density 


and 
speed. 
In addition, 
at higher 
densities, 
performance 


and 
density 
surpasses 
the best that 
bipolar 
can provide. 
Limitations 
of devices 
implemented 
in the 
bipolar 
fuse 


technology 
such as PROGRAMMING 
YIELD, 
POWER 


DISSIPATION 
and 
HIGHER 
DENSITY 
PERFORM- 


ANCE 
are eliminated 
or greatly 
reduced 
using 
Cypress 


CMOS EPROM 
technology. 


3: Design Approach 


A. Four Transistor 
Differential 
Memory Cell 


The 4K, 8K, and 16K PROM 
(except "A" version) use an 


N-Well 
CMOS 
technology 
along with a new differential 


four transistor 
EPROM 
cell that 
is optimized 
for speed. 


The area of the four transistor 
cell is 0.43 square mils and 


the die size is 19,321 square mils for the 2K by 8 PROM 
(Figure 1). The floating gate cell is optimized 
for high read 


current 
and fast programmability. 
This is accomplished 
by 


separating 
the read and program 
transistors 
(Figure 2). The 


program 
transistor 
has a separate 
implant 
to maximize 
the 


generation 
and collection 
of hot electrons 
while the read 
• 
transistor 
implant 
dose is chosen 
to provide 
a large read 


current. 
Both the nand 
p channel 
peripheral 
transistors 


have self-aligned, shallow, lightly doped drain (LDD) junc- 
tions. The LDD 
structure 
reduces overlap capacitance 
for 


speed improvement 
and minimizes 
hot electron 
injection 


for improved 
reliability. 
Although 
common 
for NMOS 


static and dynamic RAMs, an on-chip substrate 
bias gener- 


ator is used for the first time in an EPROM 
technology. 


The 
results 
are 
improved 
speed, 
greater 
than 
200 mA 


latch-up 
immunity 
and high parasitic 
field inversion 
volt- 


ages during programming. 


Figure 2. Non-volatile 
cell optimized 
for speed and programmability 


Access times of less than 35 ns at 16K densities and 30 ns 
at 4K and 8K densities 
over the full operating 
range are 


achieved by using differential 
design techniques 
and by to- 
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tally separating 
the read and program 
paths. 
This allows 


the read 
path 
to be optimized 
for speed. The X and Y 
decoding paths are predecoded 
to optimize the power-delay 


product. 
A differentail 
sensing scheme and the four transis- 


tor cell are used to sense bit-line swings as low as 100 mV 
at high speed. The sense amplifier 
(Figure 3) consists 
of 


three stages of equal gain. A gain of 4 per stage was found 
to be optimum. 
The Cascode 
stage amplifies 
the bit line 


swings and 
feeds them 
into a differential 
amplifier. 
The 
output 
of the differential 
amplifier is further 
amplified and 


voltages shifted by a level shifter and latch. This signal is 
then fed into an output buffer having a TTL fan-out of ten. 


B. Two Transistor 
Memory Cell 


The Cypress 
64K and greater 
density 
PROMs 
use a two 


transistor 
memory 
cell. This cell uses a single ended sens- 


ing scheme 
with the exception 
of the 256K device which 


uses a differential 
sensing circuit. This combination 
allows 


for a more 
compact 
design 
and 
reduced 
manufacturing 


costs. This is an excellent 
compromise 
between 
perform- 


ance and high density, allowing the development 
of devices 


with performance 
of 35 ns and 45 ns access times at densi- 


ties from 64K to 256K bits and 25 ns for the "A" 
series 
16K using the PROM 
II technology. 
This two transistor 


cell still uses the high speed read transistor 
and the opti- 
mized 
EPROM 
transistor 
for performance 
and 
reliable 
programming. 
The sense amplifier 
uses a reference voltage 


on one input and the read transistor 
on the other, instead 


of two read transistors. 
This single ended sensing is a more 


conventional 
technique 
and has the effect of causing 
an 
erased device to contain 
all "O"s. 


4: Programming 


A. Differential 
Memory Cells 


Cypress 
PROMs 
are programmed 
a BYTE 
at a time by 
applying 
12 to 14 volts on one pin and the desired 
logic 


levels to input pins. Both logic "ONE" 
and logic "ZERO" 


are programmed 
into the differential 
cell. A BIT is pro- 
grammed 
by applying 
12 to 14 volts on the control 
gate 


and 9 volts on the drain of the floating gate write transis- 
tor. This causes hot electrons from the channel to be inject- 
ed onto the floating gate thereby raising the threshold 
volt- 


age. Because the read transistor 
shares a common 
floating 


gate with the program 
transistor, 
the threshold 
of the read 


transistor 
is raised from about I volt to greater than 5 volts 


resulting 
in a transistor 
that is turned 
"OFF" 
when select- 
ed in a read mode of operation. 
Since both 
sides of the 


differential 
cell are at equal potential 
before programming, 


a threshold 
shift of 100 mV is enough to be determined 
as 


the correct 
logic state. Because an unprogrammed 
cell has 


neither 
a ONE nor a ZERO 
in it before programming, 
a 


special BLANK 
CHECK 
mode of operation 
is implement- 


ed. In this mode the output 
of each half of the cell is com- 


pared against a fixed reference 
which allows distinction 
of 


a programmed 
or unprogrammed 
cell. A MARGIN 
mode 


is also provided to monitor 
the thresholds 
of the individual 


BITs allowing 
the monitoring 
of the quality 
of program- 
ming during the manufacturing 
operation. 


B. Single Ended Memory Cells 


The programming 
mechanism 
of the EPROM 
transistor 
in 


a single ended memory cell is the same as its counterpart 
in 


a double 
ended 
memory 
cell. The difference 
is that 
only 


ones "I"s 
are programmed 
in a single ended 
cell. A "I" 


applied 
to the 
I/O 
pin 
during 
programming 
causes 
an 


erased EPROM 
transistor 
to be programmed 
while a "0" 


allows the EPROM 
transistor 
to remain unprogrammed. 


5: Erasability 


For the first time at PROM 
speeds, Cypress PROMs 
using 


CMOS EPROM 
technology 
offer reprogrammability 
when 


packaged in windowed CERDIP. 
This is available at densi- 
ties of 16K and larger, both registered 
and non-registered. 
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Wavelengths 
of light less than 
4000 Angstroms 
begin to 
Some devices are sensitive to photo-electric 
effects during 
erase Cypress 
PROMs. 
For this reason, 
an opaque 
label 
programming. 
Cypress recommends 
covering 
the windows 
should be placed over the window if the PROM 
is exposed 
of reprogrammable 
devices during 
programming. 
to sunlight 
or fluorescent 
lighting 
for extended 
periods of 


time. 
6: Reliability 


The recommended 
dose of ultraviolet 
light for erasure 
is a 
The CMOS EPROM 
approach 
to PROMs 
has some signif- 


wavelength 
of 2537 Angstroms 
for a minimum 
dose (UV 
icant benefits to the user in the area of programming 
and 


intensity 
X exposure 
time) of 25 Wsec/cm2. 
For an ultra- 
functional 
yield. 
Since a cell may 
be programmed 
and 


violet lamp with a 12 mW/cm2 
power rating the exposure 
erased multiple times, CMOS PROMs 
from Cypress can be 
time would be approximately 
30-35 
minutes. 
The industry 
tested 
100% for programmability 
during 
the manufactur- 
EPROM 
erasure 
standard 
is 
15 
Wsec/cm2. 
Cypress 
ing 
process. 
Because 
each 
CMOS 
PROM 
contains 
a 
EPROMs 
require 
1% longer erase times. 
PHANTOM 
array, both the functionality 
and performance 
The PROM 
needs to be within 
I inch of the lamp during 
of the devices may be tested after they are packaged 
thus -=- 


erasure. 
Permanent 
damage 
may result 
if the PROM 
is 
assuring the user that not only will every cell program, 
but 
~ 


exposed 
to high intensity 
light for an extended 
period 
of 
that the product 
performs 
to the specification. 
time. 7258 Wsec/cm2 
is the recommended 
maximum 
dos- 


age. 
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SEMICONDUCTOR 
131,072x 8 Reprogrammable 


PROM 


Features 


• 
BiCMOS for optimum speed/power 
• 
High speed 
- 
tM = 30 ns 


• 
Low power 
- 
180 mA active 
- 
25 mA standby 


• 
EPROM technology, 100% program- 
mable 
• 
Standard 
60o-mil packaging available 
• 
Windowed for reprogrammability 


• 
5V ± 10%Vcc 
• 
TTL-compatible 
I/O 
• 
Capable of withstanding 
> 2001V 


static discharge 


Functional 
Description 


The 
CY7B201 
is 
a 
high-performance 


131,072 by 8-bit BiCMOS PROM with an 
access time of 30 ns. Power consumption 
for the device is 180 mA in the active mode 
and 25 mA in the standby mode. The out- 
put enable is user programmable 
to be ac- 
tive HIGH 
or active WW 
to support 
memory bank selection. 
The 
CY7B201 is packaged 
in 600-mil, 


32-pin DIPs and 600-mil, 32-pin LeCs, 
both standard 
JEDEC 
1 Meg EPROM 
pinouts. It is also available in a cerDIP 
package equipped with an erasure window 
to provide reprogrammability. 
When ex- 
posed to UV light, it is erased and can be 
reprogrammed. 
The memory cells utilize 
proven EPROM floating-gate technology 
and word-wide intelligent 
programming 


algorithms. 
An 
EPROM 
cell requircs 


only 12.5V for the supervoltage, while low 
current requirements 
allow for gang pro- 
gramming. 


The EPROM cells allow for each memory 
location to be 100% tested, with each loca- 
tion being written into, erased, and repeat- 
edly 
exercised 
prior 
to 
encapsulation. 


Each PROM 
is also tested for AC per- 


formance to guarantee that after customer 
programming, 
the product will meet DC 


and AC specification limits. 


Reading is accomplished by placing an ac- 
tive WW on CE and the appropriate 
ac- 
tive signal on output enable. The contents 
of the memory location addressed by the 
address lines (Ao through A'6)will bccome 
available on the output line (00 through 
0,). 


Pin Configurations 
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Features 


• 
BiCMOS for optimum speed/power 


• 
High speed 
- 
tM = 30 ns (78210) 
- 
tsA= 20 ns (78211) 
- 
leo = IS ns (78211) 


• 
16-bit words 
• 
Low power 
- 
180 mA active 
- 
25 mA standby (78210) 


• 
User-programmed 
16-bit state word 
(78211) 


• 
Onboard output register (78211) 
• 
EPROM technology, 100% program- 
mable 
• 
Standard 
600-mil packaging available 
• 
Windowed for reprogrammability 


• 
5V ± 10% Vcc 


• 
TTL-compatible 
I/O 
• 
Capable of withstanding 
> 200lV 
static discharge 


CY7B210 
CY7B211 


65,536 X 16 Reprogrammable 
Registered PROM 


Functional 
Description 


The CY7B21Oand the CY7B211 are high- 
performance 
65,536 by 16-bit BiCMOS 
PROMs. 
The CY7B210 is an asynchro- 


nous device, while the CY7B211 is a syn- 
chronous device with onboard output reg- 
isters. Access time for the CY7B21O is 30 
ns. The CY7B211 has an address set-up 
time of 20 ns and the time from clock 
HIGH to output valid is 15 ns. Power oon- 
sumption for both devices is 180mA in the 
active mode. For the CY7B210, power oon- 
sumption is 25 mA in the standby mode. 
For both devices, the output enable is user 
programmable to be active HIGH or active 
LOW to support memory bank selection. 
The CY7B211 has an asynchronous INIT 
function so that the user can load a prepro- 
grammed 16-bit state word into the output 
registers at any time. The INIT function is 
also 
user 
programmable 
to 
be 
active 
HIGH or active LOW: 
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Both parts are packaged in 600-mil, 4O-pin 
DIPs and 600-mil, 44-pin LeCs, both stan- 
dard JEDEC 
1 Meg EPROM 
pinouts. 


Theyare 
also available in a cerDIP pack- 
age equipped with an erasure window to 
provide 
reprogrammability. 
When 
ex- 
posed to UV light, the PROM 
is erased 
and can be reprogrammed. 
The memory 


cells utilize proven EPROM floating-gate 
technology 
and 
word-wide 
intelligent 
programming 
algorithms. 
An EPROM 


cell requires only 12.5V for the supervol- 
tage, while low current requirements 
allow 


for gang programming. 
The EPROM cells allow for each memory 
location to be 100% tested, with each loca- 
tion being written into, erased, and repeat- 
edly 
exercised 
prior 
to 
encapsulation. 
Each PROM 
is also tested for AC per- 
formance to guarantee that after customer 
programming, 
the product will meet DC 


and AC specification limits. • 
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Features 


• 
CMOS 
for optimum 
speed/power 


• 
High speed 
- 
25 ns max set-up 
- 
12 ns clock to output 


• 
Low power 
- 
495 mW (commercial) 
- 
660 mW (military) 


• 
Synchronous 
and 
asynchronous 
output 
enables 


• 
On-chip 
edge-triggered 
registers 


• 
Buffered 
Common 
PRESET 
and 
CLEAR 
inputs 


• 
EPROM 
technology, 
100% 
programmable 


A, 


A, 
COLUMN 


A, 
DECODER 
1 OF 16 


Ao 


PS 


ern 


CP 


ES 


512 X 8 Registered PROM 


• 
Slim, 300 mil, 24 pin plastic 
or 
hermetic 
DIP, 
or 28 pin LCC 


• 
5V ± 10% Vcc, 
commercial 
and 
military 


• 
TTL compatible 
I/O 


• 
Direct 
replacement 
for 
bipolar 
PROMs 


• 
Capable 
of withstanding 
greater 
than 1500V static 
discharge 


Product Characteristics 


The CY7C225 is a high performance 
512 word by 8 bit electrically 
Program- 


mable Read Only Memory packaged 
in 
a slim 300 mil plastic or hermetic 
DIP 
and 28 pin Leadless Chip Carrier. The 
memory cells utilize proven EPROM 


floating gate technology 
and byte-wide 


intelligent 
programming 
algorithms. 


The CY7C225 replaces bipolar devices 
and offers the advantages 
of lower 


power, superior 
performance 
and high 


programming 
yield. The EPROM 
cell 
requires only 13.5V for the supervolt- 
• 
age and low current 
requirements 
allow 


for gang programming. 
The EPROM 


cells allow for each memory location to 
be tested 100%, as each location is 
written into, erased, and repeatedly 
ex- 
ercized prior to encapsulation. 
Each 
PROM 
is also tested for AC perform- 
ance to guarantee 
that after customer 


programming 
the product 
will meet 
AC specification 
limits. 


The CY7C225 has asynchronous 
PRE- 
SET and CLEAR 
functions. 


Pin Configurations 


A, 


0, 
AG 


AS 


O. 
A, 


A] 


Os 


A, 


BBIT 
0, 
A, 


EDGE- 
Ao 


TRIGGERED 
REGISTER 
0] 
00 
0, 


0, 
0, 


0, 
GNO 


00 
4,Vl <tl,tD..r 
~ 
>~ «Q'JI~ 


• 
3 
2~282726 


A. 
5 
25 


A, 
6 
2. 


A2 
7 
23 


A, 
8 
22 


Ao • 
21 


NC 
10 
20 


0020-1 
°0 " 
,. 


12131415161718 


7C225-25 
7C225-30 
7C225-35 
7C225-40 


Maximum Set-up Time (ns) 
25 
30 
35 
40 


Maximum Clock to Ouput (ns) 
12 
15 
20 
25 


Maximum Operating 
I 
Commercial 
90 
90 
90 
Current (mA) 
I 
Military 
120 
120 
120 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, 
not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge 
Voltage 
> 1500V 


Ambient Temperature 
with 
(Per MIL-STD-883 
Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-up 
Current 
> 200 mA 


Supply Voltage to Ground 
Potential 


(Pin 24 to Pin 12) 
-0.5V 
to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
-0.5V 
to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


DC Program 
Voltage (Pins 7, 18,20) 
14.0V 


Range 
Ambient 
Vee 
Temperature 


Commercial 
O°Cto +700C 
5V ± 10% 


Military[61 
- 55°C to + 125°C 
5V ± 10% 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min.,IOH = -4.0 
mA 
2.4 
V 
VIN = VIH or VIL 


VOL 
Output LOW Voltage 
Vee = Min.,IOL = -16 
mA 
0.4 
V 
VIN = VIH or VIL 


VIH 
Input HIGH Level 
Guaranteed Input Logical HIGH 
2.0 
V 
Voltage for All Inputs[21 


VIL 
Input LOW Level 
Guaranteed Input Logical LOW 
0.8 
V 
Voltage for All inputs[21 


IIX 
Input Leakage Current 
GND,,; VIN ,,; Vee 
-10 
+10 
fJoA 


VeD 
Input Clamp Diode 
Note I 
Voltage 


Ioz 
Output Leakage Current 
GND ,,; Vo ,,; Vee Output Disabled[4] 
-40 
+40 
fJoA 


Ios 
Output Short Circuit Current 
Vee = Max., VOUT = 0.ov[31 
-20 
-90 
mA 


GND ,,; VIN ,,; Vee 
I 
Commercial 
90 


Ice 
Power Supply Current 
Vee = Max. 
I 
mA 


Military 
120 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25"C, f = I MHz, Vee = 5.0V 
10 
pF 


COUT 
Output Capacitance 
TA = 25°C, f = I MHz, Vee = 5.0V 
10 
pF 


Notes: 
l. The CMOS process does not provide a clamp diode. However, the 
CY7C225 is insensitive to - 3V de input levels and - 5V undershoot 
pulses of less than 10 os (measured at 50% point). 
2. These are absolute voltages with respect to device ground pin and 
include all overshoots due to system and/or tester noise. Do not at- 
tempt to test these values without suitable equipment (see Notes on 
Testing). 
3. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 


4. For devices using the synchronous enable, the device must be clocked 


after applying these voltages to perform this measurement. 


5. Tested initially and after any design or process changes that may 


affect these parameters. 


6. TA is the "instant on" case temperature. 
7. See the last page of this specification for Group A subgroup testing 


information. 
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Switching Characteristics 
Over Operating 
Range!7, 8] 


7C225·25 
7C225·30 
7C225·35 
7C225·40 
Parameters 
Description 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


tSA 
Address Setup to Clock HIGH 
25 
30 
35 
40 
ns 


tHA 
Address Hold from Clock HIGH 
0 
0 
0 
0 
ns 


tco 
Clock HIGH to Valid Output 
12 
15 
20 
25 
ns 


tpwc 
Clock Pulse Width 
10 
15 
20 
20 
ns 


tSEs 
Es Setup to Clock HIGH 
10 
10 
10 
10 
ns 


tHEs 
Es Hold from Clock HIGH 
0 
5 
5 
5 
ns 


top, toc 
Delay from PRESET or CLEAR to Valid Output 
20 
20 
20 
20 
ns 


tRP, tRC 
PRESET or CLEAR Recovery to Clock HIGH 
15 
20 
20 
20 
ns 


tpwP, tpwc 
PRESET or CLEAR Pulse Width 
15 
20 
20 
20 
ns 


tcos 
Valid Output from 
20 
20 
25 
30 
ns 
Clock HIGH!!] 


tHZC 
Inactive Output from Clock HIGH[I, 31 
20 
20 
25 
30 
ns 


tOOE 
Valid Output from E LOW[21 
20 
20 
25 
30 
ns 


tHZE 
Inactive Output from 
20 
20 
25 
30 
ns 
EHIGH[2,31 


Notes: 
I. Applies only when the synchronous (Es) function is used. 
2. Applies only when the asynchronous 
(B) function is used. 


3. Transition is measured at steady state HIGH level - 500 mY or 


steady state LOW level + 500 mV on the output from the 1.5V level 
on the input with loads shown in Figure lb. 
4. Tests are performed with rise and fall times of 5 os or less. 
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5. See Figure 
10 for all switching characteristics except tHZ. 


6. See Figure lb for tHZ. 
7. All device test loads should be located within 2" of device outputs. 
8. See the last page of this specification for Group A subgroup testing 


information. 
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Functional 
Description 


The CY7C225 
is a CMOS electrically 
Programmable 
Read 


Only Memory organized 
as 512 words x 8-bits and is a pin- 


for-pin replacement 
for bipolar TTL fusible link PROMs. 
The CY7C225 
incorporates 
a D-type, master-slave 
register 


on chip, reducing the cost and size of pipelined micropro- 
grammed 
systems and applications 
where accessed PROM 


data is stored temporarily 
in a register. Additional 
flexibili- 


ty is provided with synchronous 
(ES) and asynchronous 


(E) output 
enables, and CLEAR 
and PRESET 
inputs. 


Upon power-up, 
the synchronous 
enable (ES) flip-flop will 


be in the set condition 
causing the outputs (00-07) 
to be 


in the OFF or high impedance 
state. Data is read by 


applying the memory location to the address inputs (Ao- 
As) and a logic LOW to the enable (ES) input. The stored 
data is accessed and loaded into the master flip-flops of the 
data register during the address set-up time. At the next 
LOW-to-HIGH 
transition 
of the clock (CP), data is trans- 


ferred to the slave flip-flops, which drive the output buff- 
ers, and the accessed data will appear at the outputs (00- 
07) provided the asynchronous 
enable (E) is also LOW. 


The outputs may be disabled at any time by switching the 
asynchronous 
enable (E) to a logic HIGH, 
and may be 


returned 
to the active state by switching the enable to a 


logic LOW. 
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Functional 
Description 
(Continued) 


Regardless 
of the condition 
ofE, the outputs 
will go to the 
OFF or high impedance 
state upon the next positive clock 


edge after the synchronous 
enable (E5) input is switched to 
a HIGH 
level. If the synchronous 
enable pin is switched to 
a logic LOW, the subsequent 
positive clock edge will re- 


turn the output to the active state ifE is LOW. Following a 
positive clock edge, the address and synchronous 
enable 


inputs are free to change since no change in the output will 
occur until the next low to high transition 
of the clock. 


This unique feature allows the CY7C225 decoders and 
sense amplifiers 
to access the next location while previously 
addressed 
data remains stable on the outputs. 


System timing is simplified in that the on-chip edge trig- 
gered register allows the PROM clock to be derived direct- 
ly from the system clock without introducing 
race condi- 
tions. The on-chip register timing requirements 
are similar 
to those of discrete registers available in the market. 


Notes on Testing 
Incoming test procedures on these devices should be carefully planned, 
taking into account the high performance and output drive capabilities of 
the parts. The following notes may be useful. 
I. Ensure that adequate decoupling capacitance is employed across the 


device Vcc and ground terminals. Multiple capacitors are recom- 
mended. including a 0.1 J.tFor larger capacitor and a 0.01 J-LFor 
smaller capacitor placed as close to the device terminals as possible. 
Inadequate decoupling may result in large variations of power supply 
voltage, creating erroneous function or transient performance failures. 
2. Do not leave any inputs disconnected (floating) during any tests. 


The CY7C225 
has butTered asynchronous 
CLEAR 
and 


PRESET 
input (lNIT). 
The initialize function is useful 


during power-up and time-out sequences. 


Applying 
a LOW to the PRESET 
input causes an immedi- 
ate load of all ones into the master and slave flip-flops of 
the register, independent 
of all other inputs, including 
the 


clock (CP). Applying a LOW to the CLEAR 
input, resets 


the flip-flops to all zeros. The initialize data will appear at 
the device outputs 
after the outputs are enabled by bringing 


the asynchronous 
enable (E) LOW. 


When power is applied the (internal) 
synchronous 
enable 


flip-flop will be in a state such that the outputs 
will be in 


the high impedance 
state. In order to enable the outputs 
a 
clock must occur and the Es input pin must be LOW at 
least a setup time prior to the clock LOW to HIGH 
tran- 


sition. The E input may then be used to enable the outputs. 


3. Do not attempt to perform threshold tests under AC conditions. 


Large amplitude, fast ground current transients normally occur as the 
device outputs discharge the load capacitances. These transients flow· 
ing through the parasitic inductance between the device ground pin 
and the test system ground can create significant reductions in observ- 
able input noise immunity. 


4. Output levels are measured at 1.5V reference levels. 
5. Transition is measured at steady state HIGH level - 500 mV or 
steady state LOW level + 500 mV on the output from the I.5V level 
on inputs with load shown in Figure lb. 
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Typical DC and AC Characteristics 


NORMALIZED 
SUPPLY CURRENT 


vs. SUPPLY 
VOLTAGE 


1.6 


CLOCK TO OUTPUT TIME 
vs. TEMPERATURE 
1.6 


25 


AMBIENT 
TEMPERATURE 
(OCI 


OUTPUT 
SOURCE CURRENT 


vs. VOLTAGE 


60 


NORMALIZED 
SUPPLY CURRENT 


vs. AMBIENT 
TEMPERATURE 
1.2 


NORMALIZED 
SETUP TIME 
vs. SUPPLY VOLTAGE 
1.2 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT 
LOADING 
30.0 


~ 
:! 15.0 
<t 
80 10.0 


5.0 


200 
400 
600 
800 
1000 


CAPACITANCE 
(pFl 


CLOCK TO OUTPUT TIME 
vs. Vcc 


1.6 


..•...•. 


"'" 
I'---.. --- 


TA = 25~C 


I • 


NORMALIZED 
SETUP TIME 


vs. TEMPERATURE 


1.6 
- 
- 


1.4 
~ 
:J 
~ 
1.2 
8 
N 
::; 
1.0 
<t 
:;; 
a: 
0Z 
0.8 


OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 


175 
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50 
... 
:J0 
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Speed 
Ordering 
Package 
Operating 
ns 


Code 
Type 
Range 
tSA 
tco 


25 
12 
CY7C225-25PC 
PI3 
Commercial 


CY7C225-25DC 
DI4 


CY7C225-25LC 
L64 


30 
IS 
CY7C225-30PC 
PI3 
Commercial 


CY7C225-30DC 
DI4 


CY7C225-30LC 
L64 


CY7C225-30DMB 
014 
Military 


CY7C225-30LMB 
L64 


35 
20 
CY7C225-35DMB 
014 
Military 


CY7C225-35LMB 
L64 


40 
25 
CY7C225-40PC 
P13 
Commercial 


CY7C225-40DC 
014 


CY7C225-40LC 
L64 


CY7C225-40DMB 
014 
Military 


C Y7C225-40LMB 
L64 


~ 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IIX 
1,2,3 


Ioz 
1,2,3 


ICC 
1,2,3 
• 


Parameters 
Subgroups 


tSA 
7,8,9,10,11 


tHA 
7,8,9,10,11 


tco 
7,8,9,10,11 


tDP 
7,8,9,10,11 


tRP 
7,8,9,10,11 


~l.lKLOO 
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Features 


• 
CMOS 
for optimum 


speed/power 


• 
High speed 
- 
25 ns max set-up 


- 
12 ns clock to output 


• 
Low power 
- 
495 mW (commercial) 
- 
660 mW (military) 


• 
Synchronous 
and asynchronous 


output 
enables 


• 
On-chip 
edge-triggered 
registers 


• 
Programmable 
asynchronous 


register 
(lNIT> 


• 
EPROM 
,echnology, 
100% 


programmable 


• 
Slim, 300 mil, 24 pin plastic 
or 


hermetic 
DIP 
or 28 pin LCC 


A, 
A, 
A, 
A, 
A, 
A. 


A, 


A, 
COLUMN 


A, 
DECODER 


1 OF 16 
.. 


CP 


Es 


1024 X 8 Registered PROM 


• 
5V ± 10% Vcc, 
commercial 
and 
military 


• 
ITL 
compatible 
I/O 


• 
Direct 
replacement 
for bipolar 
PROMs 


• 
Capable 
of withstanding 
greater 
than 
1500V static 
discharge 


Product Characteristics 


The CY7C235 is a high performance 
1024 word by 8 bit electrically 
Pro- 


grammable 
Read Only Memory pack- 


aged in a slim 300 mil plastic or her- 
metic DIP or 28-pin Leadless Chip car- 
rier. The memory cells utilize proven 
EPROM 
floating gate technology 
and 
byte-wide intelligent 
programming 
al- 


gorithms. 


The CY7C235 replaces bipolar devices 
and offers the advantages 
of lower 


power, superior 
performance 
and high 


programming 
yield. The EPROM 
cell 


requires only 13.5V for the supervolt- 
age and low current 
requirements 
allow 


for gang programming. 
The EPROM 


cells allow for each memory location to 
be tested 100%, as each location is 
written into, erased, and repeatedly 
exercised prior to encapsulation. 
Each 


PROM 
is also tested for AC perform- 
ance to guarantee 
that after customer 


programming 
the product 
will meet 
AC specification 
limits. 


The CY7C235 has an asynchronous 
initialize function (INIT). 
This func- 
tion acts as a 1025th 8-bit word loaded 
into the on-chip register. It is user pro- 
grammable 
with any desired word or 


may be used as a PRESET 
or CLEAR 
function on the outputs. 


8 BIT 
EDGE- 


TRIGGERED 
REGISTER 


• 3 
2 t.:J 28 27 26 


A. 
5 
25 
E 


·3 
6 
2' 
INIT 
., 
7 
23 
Es 
., 
S 
22 
cp 
·0 • 
21 
NC 


NC 
10 
20 
0, 


°0 


11 
I. 
0. 
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7C235-25 
7C235·30 
7C235-40 


Maximum Set-up Time (ns) 
25 
30 
40 


Maximum Clock to Output (ns) 
12 
15 
20 


Maximum Operating 
\ 
Commercial 
90 
90 
90 
Current (mA) 
I 
Military 
120 
120 
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Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65'C 
to + 150'C 
Static Discharge 
Volume 
> 1500V 
Ambient Temperature 
with 
(Per MIL-STD-883 
Method 
3015) 


Power Applied 
- 55'C to + 
125'C 
Latch-up 
Current 
> 200 mA 


Supply Voltage to Ground 
Potential 


(Pin 24 to Pin 12 for DIP) 
-0.5V 
to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
-0.5V 
to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


DC Program 
Voltage 
(Pins 7, 18,20 for DIP) 
14.OV 


Range 
Ambient 
VCC 
Temperature 


Commercial 
O'Cto 
+70'C 
SV ± 10% 


Military[6] 
- SS'C to + 12S'C 
SV ± 10% • 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min.,IOH = -4.0 
mA 
2.4 
V 
V/N = VIH or VIL 


VOL 
Output LOW Voltage 
Vee = Min.,IOL = 16 mA 
0.4 
V 
VIN = VIH or VIL 


VIH 
Input HIGH Level 
Guaranteed Input Logical HIGH 
2.0 
V 
Voltage for All Inputs[2) 


VIL 
Input LOW Level 
Guaranteed Input Logical LOW 
0.8 
V 
Voltage for All Inputs[2) 


IIX 
Input Leakage Current 
GND 
:5: V/N :5: Vee 
-10 
+10 
J-LA 


VeD 
Input Clamp Diode 
Note 1 
Voltage 


Ioz 
Output Leakage Current 
GND 
:5: Vo 
:5: Vee Output Disabled[4) 
-40 
+40 
J-LA 


Ios 
Output Short Circuit 
Vee = Max., VOUT = 0.OV(3) 
-20 
-90 
mA 
Current 


GND 
:5: VIN :5: Vee 
I 
Commercial 
90 
Ice 
Power Supply Current 
Vee = Max. 
I 
mA 


Military 
120 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 2S'C, f = I MHz 
10 


COUT 
Output Capacitance 
Vee = S.OV 
10 


pF 


Notes: 
1. The CMOS 
process 
does not provide 
a clamp 
diode. 
However, 
the 
CY7C235 
is insensitive 
to - 3V de input levels 
and 
~ 5V undershoot 


pulses 
of less than to os (measured 
at 50% point). 
2. These 
are absolute 
voltages 
with respect 
to device 
ground 
pin and 


include 
all overshoots 
due to system 
and/or 
tester noise. 
Do not at- 


tempt 
to test these 
values 
without 
suitable 
equipment 
(see Notes 
on 


Testing). 


3. For test purposes, 
not more than one output 
at a time should 
be 


shorted. 
Short circuit 
test duration 
should 
not exceed 
30 seconds. 


4. For devices 
using the synchronous 
enable, 
the device 
must be clocked 


after applying 
these 
voltages 
to perform 
this measurement. 


5. Tested 
initially 
and after any design 
or process 
changes 
that may 


affect 
these parameters. 


6. TA is the "instant 
on" case temperature. 
7. See the last page of this specification 
for Group 
A subgroup 
testing 


information. 
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7C235-25 
7C235-30 
7C235-40 
Parameters 
Description 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


tSA 
Address Setup to Clock HIGH 
25 
30 
40 
ns 


tHA 
Address Hold from Clock HIGH 
0 
0 
0 
ns 


tco 
Clock HIGH to Valid Output 
12 
15 
20 
ns 


tpwc 
Clock Pulse Width 
12 
IS 
20 
ns 


tSES 
ES Setup to Clock HIGH 
10 
10 
15 
ns 


tHEs 
Es Hold from Clock HIGH 
5 
5 
5 
ns 


tm 
Delay from INIT to Valid Output 
25 
25 
35 
ns 


tRI 
INIT Recovery to Clock HIGH 
20 
20 
20 
ns 


tpwI 
INIT Pulse Width 
20 
20 
25 
ns 


tcos 
Inactive to Valid Output from Clock HIGH[I] 
20 
20 
25 
ns 


tHZC 
Inactive Output from Clock HIGH[I. 3] 
20 
20 
25 
ns 


tDOE 
Valid Output from E LOW[2] 
20 
20 
25 
ns 


tHZE 
Inactive Output from E HIGH[2. 3] 
20 
20 
25 
ns 


Notes: 
1. Applies only when the sym:hronous (Es) function is used. 
2. Appliesonlywhentheasynchronous(E) functionis used. 
3. Transition is measured at steady state High level - 500 mV or steady 
state Lowlevel+ 500mVon theoutput fromthe I.5Vlevelon the 
input with loads shown in Figure lb. 
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Functional 
Description 


The CY7C235 is a CMOS electrically 
Programmable 
Read 


Only Memory organized 
as 1024 word x 8-bits and is a pin- 


for-pin replacement 
for bipolar TTL fusible link PROMs. 


The CY7C235 incorporates 
a D-type. master-slave 
register 


on chip, reducing the cost and size of pipelined micropro- 
grammed 
systems and applications 
where accessed PROM 


data is stored temporarily 
in a register. Additional 
flexibili- 


ty is provided with synchronous 
(Es) and asynchronous 
(E) output enables and asynchronous 
initialization 
(INIT). 


Upon power-up, 
the synchronous 
enable (ES) flip-flop will 


be in the set condition 
causing the outputs (00-07) 
to be 


in the OFF or high impedance 
state. Data is read by 


4. Tests are performed with rise and fall times of 5 os or less. 
5. See Figure 10 for all switching characteristics except tHZ. 
6. SeeFigure I b fortHZ. 
7. Alldevicetestloadsshouldbe locatedwithin2" ofdeviceoutputs. 


8. Seethelastpageofthis specificationfor Group A subgrouptesting 
information. 


applying the memory location to the address input (Ao- 
Ag) and a logic LOW to the enable (Es) input. The stored 
data is accessed and loaded into the master flip-flops of the 
data register during the address set-up time. At the next 
LOW-to-HIGH 
transition 
of the clock (CP), data is trans- 


ferred to the slave flip-flops, which drive the output buff- 
ers, and the accessed data will appear at the outputs 
(00- 
07) provided the asynchronous 
enable (E) is also LOW. 


The outputs may be disabled at any time by switching 
the 


asynchronous 
enable (E) to a logic HIGH, 
and may be 


returned 
to the active state by switching 
the enable to a 


logic LOW. 
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Functional 
Description 
(Continued) 


Regardless 
of the condition 
ofE, the outputs will go to the 
OFF or high impedance 
state upon the next positive clock 


edge after the synchronous 
enable (Es) input is switched to 


a HIGH 
level. If the synchronous 
enable pin is switched to 


a logic LOW, the subsequent 
positive clock edge will re- 


turn the output 
to the active state ifE is LOW. Following a 
positive clock edge, the address and synchronous 
enable 
inputs are free to change since no change in the output will 
occur until the next low to high transition 
of the clock. 
This unique feature allows the CY7C235 decoders and 
sense amplifiers 
to access the next location while previously 


addressed 
data remains stable on the outputs. 


System timing is simplified in that the on-chip edge trig- 
gered register allows the PROM 
clock to be derived direct- 


ly from the system clock without 
introducing 
race condi- 


tions. The on-chip register timing requirements 
are similar 


to those of discrete registers available in the market. 


The CY7C235 
has an asynchronous 
initialize input (INIT). 
The initialize function is useful during power-up and time- 
out sequences and can facilitate implementation 
of other 


sophisticated 
functions 
such as a built-in "jump start" 
ad- 
dress. When activated 
the initialize control input causes the 


contents 
of a user programmed 
1025th 8-bit word to be 
loaded into the on-chip register. Each bit is programmable 


Notes on Testing 
Incoming test procedures on these devices should be carefully planned, 
taking into account the high performance and output drive capabilities of 
the parts. The following notes may be useful. 
1. Ensure that adequate decoupling capacitance is employed across the 
device VCCand ground terminals. Multiple capacitors are recom· 
mended. including a 0.1 J.LF or larger capacitor and a 0.01 J.LF or 
smaller capacitor placed as close to the device terminals as possible. 
Inadequate decoupling may result in large variations of power supply 
vohage, creating erroneous function or transient performance failures. 
2. Do not leave any inputs disconnected (floating) during any tests. 


and the initialize function can be used to load any desired 
combination 
of "I "s and "O"s into the register. In the un- 
programmed 
state, activating 
INIT will generate a register 
CLEAR 
(all outputs 
LOW). If all the bits of the initialize 
word are programmed, 
activating 
INIT performs 
a register 
PRESET 
(all outputs 
HIGH). 
Applying 
a LOW to the INIT input causes an immediate 


load of the programmed 
initialize word into the master and 
slave flip-flops of the register, independent 
of all other in- 
puts, including the clock (CP). The initialize data will ap- 
pear at the device outputs after the outputs are enabled by 
3 


bringing the asynchronous 
enable (E) LOW. 


When power is applied the (internal) 
synchronous 
enable 


flip-flop will be in a state such that the outputs 
will be in 


the high impedance 
state. In order to enable the outputs, 
a 


clock must occur and the ES input pin must be LOW at 
least a setup time prior to the clock LOW to HIGH 
tran- 
sition. The E input may then be used to enable the outputs. 
When the asynchronous 
initialize input, IN IT, is LOW, 


the data in the initialize byte will be asynchronously 
loaded 


into the output register. It will not, however, appear on the 
output pins until they are enabled, as described in the pre- 
ceding paragraph. 


3. Do not attempt to perform threshold tests under AC conditions. 


Large amplitude, fast ground current transients normally occur as the 
device outputs discharge the load capacitances. These transients flow- 
ing through the parasitic inductance between the device ground pin 
and the test system ground can create significant reductions in observ· 
able input noise immunity. 


4. Output levels are measured at 1.5V reference levels. 
5. Transition is measured at steady state HIGH level - 500 mV or 
steady state LOW level + 500 mV on the output from the 1.5V level 
on inputs with load shown in Figure lb. 
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Typical DC and AC Characteristics 


NORMALIZED 
SUPPLY CURRENT 
.s. SUPPLY VOLTAGE 
1.6 


NORMALIZED SUPPLY CURRENT 


'So AMBIENT TEMPERATURE 
1.2 


NORMALIZED 
CLOCK TO OUTPUT 
NORMALIZED SETUP TIME 
TIME 'SO TEMPERATURE 
'SO SUPPLY VOLTAGE 
~ 
1.6 
1.2 
;: 
>- 
w 
i2 
1.4 
:E 
>- 
;: 
1.0 
::>0 
a. 


0 


::> 


>- 
1.2 
t;; 
" 
'" 
u 
" 
0.8 
9 
w 
1.0 
N 
U 
:; 
:il 
"" 
N 
:E 
:; 
a: 
0.6 
0.8 
0 


"" 
z 


:Ea: 
TA : 2S'C 
0z 
0.6 
0.4 
-55 
25 
125 
4.0 
4.5 
5.0 
5.5 
6.0 


AMBIENT 
TEMPERATURE 
(¢Cl 
SUPPLY VOLTAGE (V) 


OUTPUT SOURCE CURRENT 


'SO OUTPUT VOLTAGE 
60 


g 20.0 
~~ 
:( 
15.0 
8 
Q 
10.0 


200 
400 
600 
800 
1000 


CAPACITANCE 
(pFI 


NORMALIZED CLOCK TO 
OUTPUT TIME 'SO V CC 


1.6 


NORMALIZED SETUP TIME 


'SO TEMPERATURE 


1.6 


1.4 
a. 
::> 
t;; 
'" 
1.2 
:il 
N:; 
1.0 
"":E - 
a:0 
Z 
0.8 


OUTPUT SINK CURRENT 


'SO OUTPUT VOLTAGE 


175 


;;r 
150 
i 
>-~ 
a: 
a: 
::>u 
"zin 
>- 
::>a. 
>- 
::>o 


~EM~NDUcrOR 
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;C;;;Y;;;7;;;C;;;;;;2;;;3;;;;5 


Ordering Information 


Speed 
Ordering 
Package 
Operating 
(ns) 
Code 
Type 
Range 
tSA 
tco 


25 
12 
CY7C235-25PC 
PI3 
Commercial 


CY7C235-25DC 
DI4 


30 
15 
CY7C235-30PC 
PI3 


CY7C235-30DC 
D14 


CY7C235-30JC 
J64 


CY7C235-30DMB 
Dl4 
Military 


CY7C235-30LMB 
L64 


40 
20 
CY7C235-40PC 
PI3 
Commercial 


CY7C235-40DC 
Dl4 


CY7C235-40DMB 
DI4 
Military 


CY7C235-40LMB 
L64 
• 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IIX 
1,2,3 


IOZ 
1,2,3 


Icc 
1,2,3 


Parameters 
Subgroups 


ISA 
7,8,9,10,11 


IHA 
7,8,9,10,11 


ICO 
7,8,9,10,11 


Features 


• 
Windowed 
for reprogrammability 


• 
CMOS 
for optimum 


speed/power 


• 
High speed 
- 
25 ns max set-up 
- 
12 ns clock to output 


• 
Low power 
- 
330 mW (commercial) 
for 


-35 
ns, -45 
ns 
- 
660 mW (military) 


COLUMN 
DECODER 


1 OF 16 


Reprogrammable 
2048 X 8 


Registered PROM 


• 
Programmable 
synchronous 
or 
asynchronous 
llutput enable 


• 
On-chip 
edge-triggered 
registers 


• 
Programmable 
asynchronous 
register 
(lNIT) 


• 
EPROM 
technology, 
100% 


programmable 


• 
Slim, 300 mil, 24 pin plastic or 
hermetic 
DIP 


8 BIT 
EDGE- 
TRIGGERED 
REGISTER 


• 
5V ± 10% Vcc, 
commercial 
and 


military 


• 
TTL compatible 
I/O 


• 
Direct 
replacement 
for bipolar 
PROMs 


• 
Capable 
of withstanding 
greater 


than 2000V static 
discharge • 


4 
3 
2: l' 28 27 26 


A. 
5 
25 
AlO 


A, 
6 
2. 
iNYf 
A2 
7 0 


23 
E/Es 


A, 
8 
22 
CP 
AO • 
21 
NC 


NC 
'0 
20 
07 
°0 
11 
I. 
°6 
12131415161718 


7C245-25 
7C245-35 
7C245-45 


Maximum 
Setup 
Time 
(ns) 
25 
35 
45 


Maximum 
Clock 
to Output 
(ns) 
12 
15 
25 


Maximum 
Operating 
STD 
Commercial 
90 
90 
90 


Current 
(mA) 
Military 
120 
120 


L 
Commercial 
60 
60 


~, 
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_ 


Product Characteristics 
The CY7C245 is a high performance 
2048 word by 8 bit 


electrically 
Programmable 
Read Only Memory packaged 


in a slim 300 mil plastic or hermetic 
DIP. The ceramic 
package may be equipped with an erasure window; when 
exposed to UV light the PROM 
is erased and can then be 
reprogrammed. 
The memory cells utilize proven EPROM 


floating gate technology 
and byte-wide intelligent 
program- 


ming algorithms. 


The CY7C245 replaces bipolar devices and otTers the ad- 
vantages of lower power, reprogrammability, 
superior 
per- 
formance 
and high programming 
yield. The EPROM 
cell 


requires only 13.5V for the supervoltage 
and low current 


requirements 
allow for gang programming. 
The EPROM 


cells allow for each memory location to be tested 100%, as 
each location is written into, erased, and repeatedly 
exer- 


cized prior to encapsulation. 
Each PROM 
is also tested for 


AC performance 
to guarantee 
that after customer 
pro- 


gramming 
the product 
will meet AC specification 
limits. 


The CY7C245 
has an asynchronous 
initialize function 


(INIT). 
This function acts as a 2049th 8-bit word loaded 


into the on-chip register. It is user programmable 
with any 
desired word or may be used as a PRESET 
or CLEAR 


function on the outputs. 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user 
guidelines, not tested.) 
Storage Temperature 
-65·C 
to + 150·C 


Ambient Temperature 
with 
Power Applied 
- 5SOCto + 125·C 


Supply Voltage to Ground 
Potential 


(Pin 24 to Pin 12) 
-0.5V 
to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State... 
. . . . . .. 
. 
-0.5V 
to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


DC Program 
Voltage (Pins 7,18,20) 
13.0V 


UV Erasure 
7258 Wsec/cm2 


Static Discharge 
Voltage 
> 2001 V 


(Per MIL-STD-883 
Method 
3015) 


Latchup 
Current 
> 200 mA 


Operating 
Range 


Range 
Ambient 
Vcc 
Temperature 


Commercial 
O·Cto +70·C 
5V ± 10% 


Military [71 
- 55·C to + 125·C 
5V ± 10% 


7C245L·35, 45 
7C245·25 
7C245·35, 45 
Parameters 
Description 
Test Conditions 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


VOH 
Output HIGH Voltage 
Vcc = Min., IOH = -4.0 
mA 
2.4 
2.4 
2.4 
V 
VIN = VIH or VIL 
-- 


VOL 
Output LOW Voltage 
Vcc = Min., IOL = 16 mA 
0.4 
0.4 
0.4 
V 
VIN = VIH or VIL 


VIH 
Input HIGH Level 
Guaranteed Input Lo~ical HIGH 
2.0 
Vcc 
2.0 
Vcc 
2.0 
Vcc 
V 
Voltage for All Inputs IJ 


VIL 
Input LOW Level 
Guaranteed Input Lo~ical LOW 
0.8 
0.8 
0.8 
V 
Voltage for All Inputs Il 


IIX 
Input Leakage Current 
GND S VIN s VCC 
-10 
+10 
-10 
+10 
-10 
+10 
J-LA 


VCD 
Input Clamp Diode 
Note 5 
Note 5 
Voltage 


Ioz 
Output Leakage Current 
GND S Vo S Vnc 
-40 
+40 
-40 
+40 
-4(l 
+40 
J-LA 
Output DisabledD 


105 
Output Short Circuit 
VCC ~ Max., VOUT = 0.OV[2] 
-20 
-90 
-20 
-90 
-20 
-90 
mA 
Current 


ICC 
Power Supply Current 
GND S VIN S VCC 
ICommercial 
60 
90 
90 
mA 
VCC = Max. 
IMilitary 
120 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 2YC, f = 1 MHz 
10 
pF 
COUT 
Output Capacitance 
VCC = 5.0V 
10 


Notes: 
I. These 
are absolute 
voltages 
with 
respect 
to device 
ground 
pin and 


include all overshoots due to system and/or tester noise. Do not at- 
tempt 
to test these 
values 
without 
suitable 
equipment 
(see Notes 
on 


Testing). 


2. For 
test purposes, 
not more 
than 
one output 
at a time 
should 
be 


shorted. 
Short 
circuit 
test duration 
should 
not exceed 
30 seconds. 
3. For 
devices 
using 
the synchronous 
enable, 
the device 
must 
be clocked 


after 
applying 
these 
voltages 
to perform 
this 
measurement. 


4. Tested 
initially 
and 
after 
any design 
or process 
changes 
that 
may 


affect 
these 
parameters. 
5. The CMOS 
process 
does 
not provide 
a clamp 
diode. 
However, 
the 


CY7C245 
is insensitive 
to - 3V dc input 
levels and 
- 5V undershoot 


pulses 
of less than to ns (measured 
at 50% 
point). 


6. See the last page of this specification 
for Group 
A subgroup 
testing 


information. 


7. TA is the "instant 
on" 
case temperature. 
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Switching Characteristics 
Over Operating 
Range[8] 


7C245-25 
7C245-35 
7C245-45 
Units 
Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


tSA 
Address Setup to Clock HIGH 
25 
35 
45 
ns 


tHA 
Address Hold from Clock HIGH 
0 
0 
0 
ns 


tea 
Clock HIGH to Valid Output 
12 
15 
25 
ns 


tpwe 
Clock Pulse Width 
15 
20 
20 
ns 


tSEs 
Es Setup to Clock HIGH 
12 
15 
15 
ns 


tHEs 
Es Hold from Clock HIGH 
5 
5 
5 
ns 


tDt 
Delay from INIT to Valid Output 
20 
20 
35 
ns 


tRI 
INIT Recovery to Clock HIGH 
15 
20 
20 
ns 


tpWI 
INIT Pulse Width 
15 
20 
25 
ns 


teas 
Valid Output from 
15 
20 
30 
ns 
Clock HIGH[tl 


tHze 
Inactive Output from Clock HIGH[I. 31 
15 
20 
30 
ns 


tDOE 
Valid Output from E LOW[21 
15 
20 
30 
ns 


tHZE 
Inactive Output from 
15 
20 
30 
ns 
EHIGH[2.3] 


Notes: 
I. Applies only when the synchronous (Es) function is used. 
2. Applies only when the asynchronous (E) function is used. 
3. Transition is measured at steady state High level ~ 500 mV or steady 


state Low level + 500 mV on the output from the 1.5V level on the 
input with loads shown in Figure 
Jb. 


4. Tests are performed with rise and fall times of 5 os or less. 


5. See Figure 
Ja for all switching 
characteristics 
except 
tHZ- 
6. See Figure 
J b for tHZ. 
7. All device test loads should be located within 2" of device outputs. 
8. See the last page of this specification for Group A subgroup testing 


information. 
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Functional Description 


The CY7C245 
is a CMOS electrically 
Programmable 
Read 


Only Memory organized 
as 2048 words x 8-bits and is a 
pin-for-pin 
replacement 
for bipolar TTL fusible link 


PROMs. 
The CY7C245 incorporates 
a D-type, master- 


slave register on chip, reducing the cost and size of pipe- 
lined microprogrammed 
systems and applications 
where 


accessed PROM 
data is stored temporarily 
in a register. 


Additional 
flexibility is provided with a programmable 


synchronous 
(ES) or asynchronous 
(f) output enable and 


asynchronous 
initialization 
(INIT). 


Upon power-up the state of the outputs 
will depend on the 


programmed 
state of the enable function (Es or E). If the 


synchronous 
enable (ES) has been programmed, 
the regis- 


ter will be in the set condition 
causing the outputs 


(00-07) to be in the OFF or high impedance 
state. If the 


asynchronous 
enable (E) is being used, the outputs 
will 
come up in the OFF or high impedance 
state only if the 


enable (E) input is at a HIGH 
logic level. Data is read by 


applying the memory location to the address inputs 
(Ao-Aw) and a logic LOW to the enable input. The stored 
data is accessed and loaded into the master flip-flops of the 
data register during the address set-up time. At the next 
LOW-to-HIGH 
transition 
of the clock (CP), data is trans- 
ferred to the slave flip-flops, which drive the output buff- 
ers, and the accessed data will appear at the outputs 
(00-07). 


If the asynchronous 
enable (E) is being used. the outputs 


may be disabled at any time by switching 
the enable to a 


• 
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Functional 
Description 
(Continued) 


logic HIGH, 
and may be returned 
to the active state by 
switching 
the enable to a logic LOW. 


If the synchronous 
enable (ES) is being used, the outputs 
wIll go to the OFF or high impedance 
state upon the next 


posll1ve clock edge after the synchronous 
enable input is 
switched to a HIGH 
level. If the synchronous 
enable pin is 
switched to a logIc LOW, the subsequent 
positive clock 


edge will return the output to the active state. Following a 
positive clock edge, the address and synchronous 
enable 


inputs are free to change since no change in the output will 
occur unl11 the next low to high transition 
of the clock. 


This unique feature allows the CY7C245 decoders and 
sense amplifiers to access the next location while previously 
addressed 
data remains stable on the outputs. 


System ti?1ing is simplified in that the on-chip edge trig- 
gered regIster allows the PROM 
clock to be derived direct- 
ly from the system clock without 
introducing 
race condi- 


110ns.The on-chip register timing requirements 
are similar 


to those of discrete registers available in the market. 


Notes on Testing 
Inc~mj.ng test procedures, on these devices should be carefully planned, 
takmg IOto account the high performance and output drive capabilities of 
the parts. The following notes may be useful. 
1. Ens.ure that adequate decoupling capacitance is employed across the 
device Vc;:cand,ground terminals. Multiple capacitors are recom- 
mended, mcl~dmg a 0.1 p.F or larger capacitor and a 0.01 I-tF or 
smaller capacitor pl~ced as close to the device terminals as possible. 
Inadequate d~coupllng may resul.t in large v3:riations 
of power supply 


voltage. creatmg erroneous function or tranSient performance failures. 
2. Do not leave any inputs disconnected (floating) during any tests. 


CY7C245 


The CY7C245 has an asynchronous 
initialize input (INIT). 


The initialize function is useful during power-up and time- 
out sequences and can facilitate implementation 
of other 
sophisticated 
functions 
such as a built-in "jump start" ad- 


dress. When activated 
the initialize control input causes the 


contents of a user programmed 
2049th 8-bit word to be 


loaded into the on-chip register. Each bit is programmable 
and the initialize function can be used to load any desired 
combination 
of "I"s 
and "O"s into the register. In the un- 


programmed 
state, activating 
INIT will generate a register 


CLEAR 
(all outputs 
LOW). If all the bits of the initialize 


word are programmed, 
activating 
INIT performs a register 


PRESET 
(all outputs 
HIGH). 


Applying a LOW to the INIT input causes an immediate 
load of the programmed 
initialize word into the master and 
slave flip-flops of the register, independent 
of all other in- 


puts, including the clock (CP). The initialize data will ap- 
pear at the device outputs after the outputs are enabled by 
bringing the asynchronous 
enable (E) LOW. 


3. Do not atte!"pt to perform threshold tests under AC conditions. 


Lar~e amplitude! fast ground current transients normally occur as the 
~evlce outputs discharge the load capacitances. These transients flow· 
109 through the parasitic inductance between the device ground pin 
and t.he test system ground can create significant reductions in observ- 
able mput noise immunity. 
4. Output levels are measured at 1.5V reference levels. 
5. Transition is measured at steady state HIGH level - 500 mV or 
st~dy state.LOW level + 500 mV on the output from the 1.5V level 
on mputs With load shown in Figure lb. 
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Erasure Characteristics 


Wavelengths 
of light less than 4000 Angstroms 
begin to 


erase the 7C245. For this reason, an opaque label should be 
placed over the window if the PROM 
is exposed to sun- 
light or fluorescent 
lighting for extended periods of time. 


The recommended 
dose for erasure is ultraviolet 
light with 
a wavelength 
of2537 
Angstroms 
for a minimum 
dose (UV 
intensity 
X exposure time) of 25 Wsec/cm2. 
For an ultra- 


violet lamp with a 12 mWIcm2 
power rating the exposure 


time would be approximately 
30-35 
minutes. The 7C245 


needs to be within 
I inch of the lamp during erasure. 
Per- 


manent damage may result if the PROM 
is exposed to high 


intensity 
UV light for an extended 
period of time. 7258 


Wsec/cm2 
is the recommended 
maximum 
dosage. 


Pin Function 


Mode 
Read or Output Disable 
Az 
CP 
E/Es 
IN IT 
Al 
Outputs 


Other 
Az 
PGM 
VFY 
Vpp 
Al 
(9-11, 13-17) 


Pin 
(6) 
(18) 
(19) 
20 
(7) 


Read[2,3) 
X 
X 
VIL 
VIH 
X 
Data Out 


Output Disablel5) 
X 
X 
VIH 
VIH 
X 
HighZ 


Program[l,4) 
X 
VILP 
VIHP 
Vpp 
X 
Data In 


Program Verify[l,4) 
, 
X 
VIHP 
VILP 
Vpp 
X 
Data Out 


Program InhibidI,4] 
X 
VIHP 
VIHP 
Vpp 
X 
High Z 


Intelligent Program [t,4] 
X 
VILP 
VIHP 
Vpp 
X 
Data In 


Program Synch Enablel4) 
VIHP 
VILP 
VIHP 
Vpp 
Vpp 
High Z 


Program Initial Byte[4] 
VILP 
VILP 
VIHP 
Vpp 
Vpp 
Data In 


Blank Check Ones[I,4] 
X 
Vpp 
VILP 
VILP 
X 
Ones 


Blank Check Zeros[I,4) 
X 
Vpp 
VIHP 
VILP 
X 
Zeros 


Notes: 
1. X = Don't 
care 
but not to exceed 
Vpp. 


2. During 
read 
operation, 
the output 
latches 
3re loaded 
on a "0" 
to "I" 
transition of CPo 
3. If the registered device is being operated in a synchronous mode, pin 
t9 mustbe LOWpriorto the "0" to "t" transitionon CP (t8) that 
loads the register. 


A, 
Vee 


A6 
As 


As 
A9 
A. 
A,. 


A) 
vpp 
(INIT) 


A, 
VFY (E/E,I 


A, 
PGM ICPI 


A. 
0, 


D. 
O. 
0, 
05 


0, 
D. 


V's 
D) 
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4. During 
programming 
and 
verification, 
all unspecified 
pins to be at 


VILP· 
5. If the registered device is being operated in a synchronous mode, pin 


t9 mustbe HIGH priorto the "0" to "I" transitionon CP (18)that 
loads the register. 


The CY7C245 programming 
algorithm 
allows significantly 


faster programming 
than the "worst case" specification 
of 


10 msec. 


Typical programming 
time for a byte is les~ ,han 2.5 msec. 


The use of EPROM 
cells allows factory testing of pro- 


grammed 
cells, measurement 
of data retention 
and erasure 


to ensure reliable data retention 
and functional 
perform- 
ance. A flowchart 
of the algorithm 
is shown in Figure 4. 


The algorithm 
utilizes two different pulse types: initial and 
overprogram. 
The duration 
of the PGM pulse (tpp) is O. I 


msec which will then be followed by a longer overprogram 
pulse of 24 (0.1) (X) msec. X is an iteration 
counter 
and is 


equal to the NUMBER 
of the initial 0.1 msec pulses ap- 
plied before verification 
occurs. Up to four 0.1 msec pulses 


are provided before the overprogram 
pulse is applied. 


The entire sequence of program 
pulses and byte verifica- 
tions is performed 
at Vccp 
= 5.0V. When all bytes have 


been programmed 
all bytes should be compared 
(Read 


mode) to original data with Vcc 
= 5.0V. 
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Programmer 
Address 
RAM Data 


Decimal 
Hex 
Contents 


0 
0 
DATA 
• 
• 
• 
• 
• 
• 
• 
• 
• 
2047 
7FF 
DATA 
2048 
800 
INIT BYTE 
2049 
801 
CONTROL BYTE 


Control 
Byte 


00 
Asynchronous 
output enable (default state) 
01 
Synchronous 
output enable 


Programming the Initialization Byte 


The CY7C245 
registered 
PROM 
has a 2049th byte of data 


used to initialize the value of the register. This initial byte 
is value "0" when the part is received. If the user desires to 
have a value other than "0" for register initialization, 
this 
must be programmed 
into the 2049th byte. This byte is 
programmed 
in a similar manner 
to the 2048 normal bytes 


in the array except for two considerations. 
First, since all of 


the normal addresses of the part are used up, a super volt- 
age will be used to create additional 
effective addresses. 


The actual address has Vpp on Al pin 7, and VILP on Az, 
pin 6, per Table 3. The programming 
and verification 
of 


"INITIAL 
BYTE" 
is accomplished 
operationally 
by per- 


forming an initialize function. 


Programming Synchronous Enable 


The CY7C245 
provides for both a synchronous 
and asyn- 


chronous 
enable function. 
The device is delivered in an 


asynchronous 
mode of operation 
and only requires that the 


user alter the device if synchronous 
operation 
is required. 


The determination 
of the option is accomplished 
thru the 


use of an EPROM 
cell which is programmed 
only if syn- 


chronous 
operation 
is required. 
As with the INITIAL 
byte, 


this function is addressed 
thru the use of a supervoltage. 


Per Table 3, Vpp is applied to pin 7 (AI) with pin 6 (Az) at 
VIHP. This addresses the cell that programs 
synchronous 


enable. Programming 
the cell is accomplished 
with a 10 ms 
program 
pulse on pin 18 (PGM) 
but does not require any 


data as there is no choice as to how synchronous 
enable 


may be programmed, 
only if it is to be programmed. 


Verification of Synchronous Enable 


Verification 
of the synchronous 
enable function is accom- 


plished operationally. 
Power the device for read operation 


with pin 20 at VIH, cause clock pin 18 to transition 
from 


VIL to VIH· The output should be in a High Z state. Take 
pin 20, ENABLE, 
to VIL. The outputs 
should remain in a 


high Z state. Transition 
the clock from VIL to VIH, the 


outputs should now contain the data that is present. Again 
set pin I~ to VIH. The output 
should remain driven. Clock- 
ing pin 18 once more from VIL to VIH should place the 
outputs again in a High Z state. 


A virgin device contains neither one's nor zero's because of 
the differential 
cell used for high speed. To verify that a 


PROM 
is unprogrammed, 
use the two blank check modes 


provided in Table 3. In both of these modes, address and 
read locations 0 thru 2047. A device is considered 
virgin if 


all locations are respectively 
"I's" 
and "O's" when ad- 


dressed in the "BLANK 
ONES AND ZEROS" 
modes. 


Because a virgin device contains neither ones nor zeros, it 
is necessary to program both one's and zero's. It is recom- 
mended that all locations be programmed 
to ensure that 


ambiguous 
states do not exist. 
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Speed 
(ns) 
Ice 
Ordering 
Package 
Operating 


tSA 
teo 
mA 
Code 
Type 
Range 


25 
12 
90 
CY7C245-25PC 
PI3 
Commercial 


CY7C245-25WC 
WI4 


35 
15 
60 
CY7C245L-35PC 
PI3 
Commercial 


CY7C245L-35WC 
WI4 


90 
CY7C245-35PC 
PI3 


CY7C245-35SC 
S13 


CY7C245-35WC 
WI4 


CY7C245-35LC 
L64 


120 
CY7C245-35DMB 
Dl4 
Military 


CY7C245-35QMB 
Q64 


CY7C245-35WMB 
WI4 


CY7C245-35LMB 
L64 


Speed 
(ns) 
Ice 
Ordering 
Package 
Operating 


tSA 
teo 
mA 
Code 
Type 
Range 


45 
25 
60 
CY7C245L-45PC 
PI3 
Commercial 


CY7C245L-45WC 
WI4 


90 
CY7C245-45PC 
P13 


CY7C245-45SC 
SI3 


CY7C245-45WC 
WI4 


CY7C245-45LC 
L64 


120 
CY7C245-45WMB 
WI4 
Military 


CY7C245-45LMB 
L64 


CY7C245-45DMB 
DI4 


CY7C245-45QMB 
Q64 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IIX 
1,2,3 


IOZ 
1,2,3 


Icc 
1,2,3 
• 


Parameters 
Subgroups 


tSA 
7,8,9,10,11 


tHA 
7,8,9,10,11 


tco 
7,8,9,10,11 


CYPRESS 
SEMICONDUCTOR 


Features 


• 
Windowed 
for reprogrammability 


• 
CMOS 
for optimum 
speed/power 


• 
High speed 
- 
15 ns max set-up 
- 
IOns 
clock to output 


• 
Low power 
- 
330 mW (commercial) 
for 


-35 ns 
- 
660 mW (military) 


Reprogrammable 
2048 X 8 


Registered PROM 


• 
Programmable 
synchronous 
or 
asynchronous 
output 
enable 


• 
On-chip 
edge-triggered 
registers 


• 
Programmable 
asynchronous 
register 
(lNIT) 


• 
EPROM 
technology, 
100% 


programmable 


• 
Slim, 300 mil, 24 pin plastic 
or 
hermetic 
DIP 


INIT 


A" 
0, 
A, 
A, 
ROW 
128.128 
A, 
DECODER 
PROGRAMMABLE 
Db 


A, 
1 OF 128 
ARRAY 


A, 
0, 
A, 


8 BIT 
0, 


EDGE- 


TRIGGERED 
REGISTER 
0, 


A, 


A, 
COLUMN 
0, 


A, 
DECODER 


1 OF 
16 
A, 
0, 


CP 
00 


CP 


• 
5V ± 10% VCC, commercial 
and 


military 


• 
TIL 
compatible 
110 


• 
Direct 
replacement 
for bipolar 


PROMs 


• 
Capable 
of withstanding 
greater 


than 
2000V 
static 
discharge 


7C245A-15 
7C245A-18 
7C245A-25 
7C245A-35 


Maximum 
Setup 
Time 
(ns) 
15 
18 
25 
35 


Maximum 
Clock 
to Output 
(ns) 
10 
12 
12 
15 


Maximum 
Operating 
STD 
Commercial 
120 
120 
90 
90 


Current 
(mA) 
Military 
120 
120 
120 


L 
Commercial 
60 
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Product Characteristics 


The CY7C245A 
is a high performance 
2048 word by 8 bit 


electrically 
Programmable 
Read Only Memory 
packaged 


in a slim 300 mil plastic or hermetic DIP. The ceramic 
package may be equipped with an erasure window; when 
exposed to UV light the PROM 
is erased and can then be 
reprogrammed. 
The memory cells utilize proven EPROM 


floating gate technology 
and byte-wide intelligent 
program- 
ming algorithms. 


The CY7C245A 
replaces bipolar devices and offers the ad- 


vantages of lower power, reprogrammability, 
superior 
per- 
formance 
and high programming 
yield. The EPROM 
cell 


requires only 12.5V for the supervoltage 
and low current 
requirements 
allow for gang programming. 
The EPROM 


cells allow for each memory location to be tested 100%, as 
each location is written into, erased, and repeatedly 
exer- 


cized prior to encapsulation. 
Each PROM 
is also tested for 


AC performance 
to guarantee 
that after customer 
pro- 


gramming 
the product 
will meet AC specification 
limits. 


The CY7C245A 
has an asynchronous 
initialize function 
(INIT). 
This function acts as a 2049th 8-bit word loaded 


into the on-chip register. It is user programmable 
with any 
desired word or may be used as a PRESET 
or CLEAR 
function on the outputs. 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user 
guidelines, not tested.) 
Storage Temperature 
- 65°C to + 150°C 


Ambient Temperature 
with 
Power Applied 
- 55°C to + 125°C 


Supply Voltage to Ground 
Potential 


(Pin 24 to Pin 12) 
-0.5V 
to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
-0.5V 
to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


DC Program 
Voltage (Pins 7, 18,20) 
13.0V -=- 
UV Erasure 
7258 Wsec/cm2 a:. 


Static Discharge 
Voltage 
> 200 IV 
(Per MIL-STD-883 
Method 
3015) 


Latchup 
Current 
> 200 mA 


Operating 
Range 


Range 
Ambient 
Vcc 
Temperature 


Commercial 
O°Cto + 70°C 
5V ± 10% 


Military [41 
- 55°C to + l2SOC 
5V ± 10% 


7C245A-15,18 
7C245A·25,35 
7C245AL·35 
Parameters 
Description 
Test Conditions 
Units 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


VOH 
Output HIGH Voltage 
Vcc = Min.,IOH = -4.0 
mA 
2.4 
2.4 
2.4 
V 
VIN ~ VIH or VIL 


VOL 
Output LOW Voltage 
Vce = Min., IOL = 16 mA 
0.4 
0.4 
0.4 
V 
VIN = VIH or VIL 


VIH 
Input HIGH Level 
Guaranteed Input Lo~ical HIGH 
2.0 
Vee 
2.0 
Vee 
2.0 
Vee 
V 
Voltage for All Inputs Il 


VIL 
Input LOW Level 
Guaranteed Input Lo~ical LOW 
0.8 
0.8 
0.8 
V 
Voltage for All Inputs 
I] 


IIX 
Input Leakage Current 
GND ,;; VIN ,;; Vee 
-10 
+10 
-10 
+10 
-10 
+10 
IJoA 


VeD 
Input Clamp Diode 
Note 5 
Note 5 
Voltage 


Ioz 
Output Leakage Current GND';; 
Vo';; 
VW 
-40 
+40 
-40 
+40 
-40 
+40 
IJoA 
Output Disabled[3 


[OS 
Output Short Circuit 
Vee = Max., VOUT = 0.OV[2] 
-20 
-90 
-20 
-90 
-20 
-90 
mA 
Current 


Ice 
Power Supply Current 
GND ,;; VIN ,;; Vee 
ICommercial 
120 
90 
60 
mA 
Vee = Max. 
I Military 
120 
120 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA=25°C,f= 
I MHz 
10 
pF 
COUT 
Output Capacitance 
Vee = 5.0V 
10 


Notes: 


I. These 
are absolute 
voltages 
with 
respect 
to device 
ground 
pin and 
include 
all overshoots 
due 
to system 
and/or 
tester 
noise. 
Do not at· 


tempt 
to test these 
values 
without 
suitable 
equipment 
(see Notes 
on 
Testing). 
2. For 
test purposes, 
nol more 
than 
one output 
at a time 
should 
be 
shorted. 
Short 
circuit 
lest duration 
should 
not exceed 
30 seconds. 


3. For devices 
using 
the synchronous 
enable, 
the device 
must 
be clocked 


after 
applying 
these 
voltages 
to perform 
this measurement. 


4. TA is the "instant 
on" 
case temperalUre. 


5. The 
CMOS 
process 
does 
not provide 
a clamp 
diode. 
However, 
the 


CY7C245A 
is insensitive 
to - 3V dc input 
levels and 
- 5V under- 


shoot 
pulses 
of less than 
10 ns (measured 
at 50% 
point). 
6. Tested 
initially 
and 
after 
any design 
or process 
changes 
that 
may 


affect 
these 
parameters. 


7. See the last page of this specification 
for Group 
A subgroup 
testing 


information. 
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Description 
7C245A-15 
7C245A-18 
7C245A-25 
7C245A-35 
Units 
Parameters 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


tSA 
Address Setup to Clock HIGH 
15 
18 
25 
35 
ns 


tHA 
Address Hold from Clock HIGH 
0 
0 
0 
0 
ns 


teo 
Clock HIGH to Valid Output 
10 
12 
12 
15 
ns 


tpwe 
Clock Pulse Width 
10 
12 
15 
20 
ns 


tSEs 
ES Setup to Clock HIGH 
10 
10 
12 
15 
ns 


tHEs 
ES Hold from Clock HIGH 
5 
5 
5 
5 
ns 


tm 
Delay from INIT to Valid Output 
15 
20 
20 
20 
ns 


tRI 
IN IT Recovery to Clock HIGH 
10 
15 
15 
20 
ns 


tpwI 
INIT Pulse Width 
10 
15 
15 
20 
ns 


teos 
Valid Output from 
15 
15 
15 
20 
ns 
Clock HIGH!l] 


tHze 
Inactive Output from Clock HIGH!l, 3] 
15 
15 
15 
20 
ns 


tDOE 
Valid Output from E LOW!z] 
12 
15 
15 
20 
ns 


tHZE 
Inactive Output from 
15 
15 
15 
20 
ns 
EHIGH[Z.3j 


Notes: 
l. Applies 
only 
when 
the synchronous 
(ES) function 
is used. 


2. Applies 
only 
when 
the asynchronous 
(E) function 
is used. 


3. Transition 
is measured 
at steady 
state High 
level 
- 500 m V or steady 
state Low level + 500 mY on the output 
from the 1.5V level on the 
input with loads 
shown 
in Figure lb. 


R2 
r 


50PF 
167H 


INCLUDING 


JIG 
AND 
-= SCOPE 
-= 


5pF 
R2 
I 


167l! 


INCLUDING 


JIG 
AND 
-=- SCOPE 
-= 


0121-4 


THEVENIN 
EQUIVALENT 


loon 


OUTPUT~2.0V 


Functional Description 


The CY7C245A 
is a CMOS electrically 
Programmable 
Read Only Memory organized 
as 2048 words x 8-bits and 


is a pin-for-pin 
replacement 
for bipolar TTL fusible link 
PROMs. 
The CY7C245A 
incorporates 
aD-type, 
master- 


slave register on chip, reducing the cost and size of pipe- 
lined microprogrammed 
systems and applications 
where 


accessed PROM 
data is stored temporarily 
in a register. 


Additional 
flexibility is provided with a programmable 


synchronous 
(ES) or asynchronous 
(E) output enable and 


asynchronous 
initialization 
(IN IT). 


Upon power-up the state of the outputs 
will depend on the 


programmed 
state of the enable function (Es or E). If the 


synchronous 
enable (I::s) has been programmed, 
the regis- 


ter will be in the set condition 
causing the outputs 


4. Tests 
are petformed 
with rise and fall times of 5 os or less. 


5. See Figure 10 for all switching 
characteristics 
except 
tHZ. 


6. See Figure Ib for 1HZ. 
7. All device 
test loads should 
be located 
within 
2" of device 
outputs. 


8. See the last page of (his specification 
for Group 
A subgroup 
testing 


information. 


(00-07) to be in the OFF or high impedance 
state. If the 


asynchronous 
enable (I::) is being used, the outputs will 
come up in the OFF or high impedance 
state only if the 


enable (I::) input is at a HIGH 
logic level. Data is read by 


applying the memory location to the address inputs 
(Ao-AIO) 
and a logic LOW to the enable input. The stored 


data is accessed and loaded into the master flip-flops of the 
data register during the address set-up time. At the next 
LOW-to-HIGH 
transition 
of the clock (CP), data is trans- 


ferred to the slave flip-flops, which drive the output butT- 
ers, and the accessed data will appear at the outputs 
(00-07). 
If the asynchronous 
enable (I::) is being used, the outputs 


may be disabled at any time by switching 
the enable to a 


Functional 
Description 
(Continued) 


logic HIGH, 
and may be returned 
to the active state by 
sWitching the enable to a logic LOW. 


If the synchronous 
enable (Es) is being used, the outputs 
wIll go to the OFF or high impedance 
state upon the next 
positive clock edge after the synchronous 
enable input is 
sWitched to a HIGH 
level. If the synchronous 
enable pin is 
sWitched to a logic LOW, the subsequent 
positive clock 


edge will return the output to the active state. Following a 
positive clock edge, the address and synchronous 
enable 
inputs are. free to change since no change in the output will 
occur untIl the next low to high transition 
of the clock. 
This unique feature allows the CY7C245A 
decoders and 


sense amplifiers 
to access the next location while previously 
addressed 
data remains stable on the outputs. 


System timing is simplified in that the on-chip edge trig- 
gered register allows the PROM 
clock to be derived direct- 


ly from the system clock without introducing 
race condi- 


lions. The on-chip register timing requirements 
are similar 


to those of discrete registers available in the market. 


CY7C245A 


The CY7C245A 
has an asynchronous 
initialize input 


(INIT). 
The initialize function is useful during power-up 
and lime-out sequences and can facilitate implementation 
of other sophisticated 
functions 
such as a built-in "jump 


start" 
address. When activated 
the initialize control input 
causes the contents of a user programmed 
2049th 8-bit 


word to be loaded into the on-chip register. Each bit is 
programmable 
and the initialize function can be used to 


load any desired combination 
of "I "s and "O"s into the 


register. In the unprogrammed 
state, activating 
INIT will 
generate a register CLEAR 
(all outputs 
LOW). If all the 


bits of the initialize word are programmed, 
activating 
INIT -=- 
performs a register PRESET 
(all outputs 
HIGH). 
-=- 
Applying a LOW to the INIT input causes an immediate 
load of the programmed 
initialize word into the master and 
slave flip-flops of the register, independent 
of all other in- 


puts, including the clock (CP). The initialize data will ap- 
pear at the device outputs after the outputs are enabled by 
bringing the asynchronous 
enable (E) LOW. 


Notes on Testing 
Inc?mi.ng test procedures. on these devices should be carefully planned, 
takmg IOto account the high performance and output drive capabilities of 
the parts. The following notes may be useful. 
1. Ens.ure that adequate decoupling capacitance is employed across the 
deVice V~C and. ground 
terminals. Multiple capacitors are recom- 


mended, mclu:dmg a 0.1 /iF or larger capacitor and a 0.01 p.F or 
smaller capacitor pl~ced as close to the device terminals as possible. 
Inadequate d~ouphng 
may result in large variations of power supply 
voltage, creatmg erroneous function or transient performance failures. 


2. Do not leave any inputs disconnected (noating) during any tests. 


3. Do not attempt to perform threshold tests under AC conditions. 


Lar~e amplitude! fast ground current tr?-nsients normally occur as the 
~evlce outputs dIscharge the load capacItances. These transients flow· 
mg through the parasitic inductance be~w~enthe device ground pin 
and the test system ground can create significant reductions in observ- 
able input noise immunity. 


4. Output levels are measured at 1.5Y reference levels. 
5. Transition is measured at steady state HIGH level - 500 mY or 


ste~dy state. LOW level + 500 mY on the output from the 1.5Y level 
on mputs with load shown in Figure lb. 
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NORMALIZED 
SUPPLY CURRENT 


.s. SUPPLY 
VOLTAGE 
1.6 


NORMALIZED 
SUPPLY CURRENT 
.s. AMBIENT 
TEMPERATURE 
1.2 


CLOCK TO OUTPUT 
TIME 


"S. VCC 


1.6 


CLOCK TO OUTPUT TIME 
NORMALIZED 
SETUP TIME 
NORMALIZED 
SETUP TIME 


.s. TEMPERATURE 
.s. SUPPLY VOLTAGE 
.s. TEMPERATURE 


:g 
1.6 
1.2 
1.6 


;:: 
I- 
w 
~ 
1.4 
::; 
1.4 


I- 
;:: 
1.0 
0- 


:J 
0- 
:J 


0 
~ 
0 


:J 


I- 
1.2 
tu 
1.2 


'" 
'" 
5': 
u 
" 


0.8 
N 
g 
w 
:i 


1.0 
N 
1.0 
u 
:i 
" 
5': 
" 


::; 
•... 
::; 
a: 
N 
a: 
0.6 
0 
:i 
0.8 
0 
z 


0.8 
" 


z 
::; 
a: 
TA • 25°C 
0z 
0.6 
0.4 
0.6 
-55 
25 
125 
4.0 
4.5 
5.0 
5.5 
6.0 
·55 
25 
125 


AMBIENT 
TEMPERATURE 
lOCI 
SUPPLY 
VOLTAGE 
IVI 
AMBIENT 
TEMPERATURE 
reI 


OUTPUT SOURCE CURRENT 
.s. VOLTAGE 
60 


:g 20.0 


< 
;, 
15.0 
~ 
Cl 
10.0 


200 
400 
600 
800 
1000 


CAPACITANCE 
(pFI 


OUTPUT SINK CURRENT 
.s. OUTPUT 
VOLTAGE 


175 
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Erasure Characteristics 


Wavelengths 
of light less than 4000 Angstroms 
begin to 
erase the 7C245A. For this reason, an opaque label should 
be placed over the window if the PROM 
is exposed to 


sunlight or fluorescent 
lighting for extended periods of 


time. 


The recommended 
dose for erasure is ultraviolet 
light with 


a wavelength 
of2537 
Angstroms 
for a minimum 
dose (UV 


intensity 
X exposure time) of 25 Wsec/cm2. 
For an ultra- 


violet lamp with a 12 mW /cm2 power rating the exposure 
time would be approximately 
30-35 
minutes. 
The 7C245A 


needs to be within 
I inch of the lamp during erasure. Per- 


manent damage may result if the PROM 
is exposed to high 
intensity 
UV light for an extended period of time. 7258 


Wsec/cm2 
is the recommended 
maximum 
dosage. 


Programmer Address 
RAM Data 


Decimal 
Hex 
Contents 


0 
0 
DATA 
• 
• 
• 
• 
· 
• 
· 
· 
• 
2047 
7FF 
DATA 
2048 
800 
INITBYTE 
2049 
801 
CONTROL BYTE 
• 


Control 
Byte 


00 
Asynchronous 
output enable (default state) 


oI 
Synchronous 
output enable 


Programming the Initialization Byte 


The CY7C245A 
registered 
PROM 
has a 2049th byte of 


data used to initialize the value of the register. This initial 
byte is value "0" when the part is received. If the user 
desires to have a value other than "0" for register initializa- 
tion, this must be programmed 
into the 2049th byte. This 
byte is programmed 
in a similar manner to the 2048 nor- 


mal bytes in the array except for two considerations. 
First, 
since all of the normal addresses of the part are used up, a 
super voltage will be used to create additional 
effective ad- 


dresses. The actual address has Vpp on Ao pin 8, and VILP 
on A), pin 5, per Table 3. The programming 
and verifica- 


tion of "INITIAL 
BYTE" 
is accomplished 
operationally 
by performing 
an initialize function. 


Programming Synchronous Enable 


The CY7C245A 
provides for both a synchronous 
and asyn- 


chronous 
enable function. 
The device is delivered in an 


asynchronous 
mode of operation 
and only requires that the 
user alter the device if synchronous 
operation 
is required. 


The determination 
of the option is accomplished 
thru the 


use of an EPROM 
cell which is programmed 
only if syn- 


chronous 
operation 
is required. 
As with the INITIAL 
byte, 
this function 
is addressed 
thru the use of a supervoltage. 


Per Table 3, Vpp is applied to pin 8 (Ao) with pin 5 (A) 
at 


VIHp. This addresses the cell that programs 
synchronous 


enable. Programming 
the cell is accomplished 
with a 10 ms 


program 
pulse on pin 18 (PGM) 
but does not require any 


data as there is no choice as to how synchronous 
enable 


may be programmed, 
only if it is to be programmed. 


Verification of Synchronous Enable 


ved!1cation 
of the synchronous 
enable function 
is accom- 
plished operationally. 
Power the device for read operation 


with pin 19 at VIH, cause clock pin 18to transition 
from 


VIL to VIH. The output should be in a High Z state. Take 
pin 19, ENABLE, 
to VIL. The outputs 
should remain in a 


high Z state. Transition 
the clock from VIL to VIH, the 
outputs should now contain the data that is present. Again 
set pin 19 to VIH. The output should remain driven. Clock- 
ing pin 18 once more from V IL to V IH should place the 
outputs again in a High Z state. 


Blank Check 


A virgin device contains all zeros. To blank check this 
PROM, 
use the verify mode to read locations 0 thru 2047. 
A device is considered 
virgin if all locations are "O's" when 


addressed. 


Speed 
(ns) 
ICC 
Ordering 
Package 
Operating 


tSA 
tco 
mA 
Code 
Type 
Range 


15 
10 
120 
CY7C245A-15PC 
P13 
Commercial 


CY7C245A-15WC 
W14 


18 
12 
120 
CY7C245A-18PC 
P13 
Commercial 


CY7C245A- 
\ 8WC 
WI4 


CY7C245A-180MB 
014 
Military 


CY7C245A-18QMB 
Q64 


CY7C245A- 
\ 8WMB 
W14 


CY7C245A-18LMB 
L64 


25 
15 
90 
CY7C245A-25PC 
P13 
Commercial 


CY7C245A-255C 
513 


CY7C245A-25WC 
W14 


CY7C245A-25LC 
L64 


120 
CY7C245A-250MB 
014 
Military 


CY7C245A-25QMB 
Q64 


CY7C245A-25WMB 
W14 


CY7C245A-25LMB 
L64 


Speed 
(ns) 
IcC 
Ordering 
Package 
Operating 


tSA 
tco 
mA 
Code 
Type 
Range 


35 
20 
60 
CY7C245AL-35PC 
P13 
Commercial 


CY7C245AL-35WC 
W14 


90 
CY7C245A-35PC 
PI3 


CY7C245A-355C 
513 


CY7C245A-35WC 
WI4 


CY7C245A-35LC 
L64 


120 
CY7C245A-35WMB 
W14 
Military 


CY7C245A-35LMB 
L64 


CY7C245A-350MB 
014 


CY7C245A-35QMB 
Q64 


5nEM~~~ 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IIX 
1,2,3 


IOZ 
1,2,3 


Icc 
1,2,3 
• 


Parameters 
Subgroups 


tSA 
7,8,9,10,11 


tHA 
7,8,9,10,11 


tco 
7,8,9,10,11 


~ 
~ 
-- _.....•. ~ 


of1E 'CYPRESS 
F 
SEMICONDUCTOR 


Features 


• 
CMOS 
for optimum 


speed/power 


• 
Windowed 
for reprogrammability 


• 
High speed 
- 
45 ns (commercial) 


- 
55 ns (military) 


• 
Low power 
- 
550 mW (commercial) 


- 
660 mW (military) 


• 
Super 
low standby 
power 


(7C25l) 
- 
Less than 165 mW when 
desele' .ced 
- 
Fast access: 50 ns 


• 
EPROM 
technology 
100% 


programmable 


• 
Slim 300 mil or standard 
600 
mil packaging 
available 


• 
5V ± 10% Vcc, 
commercial 
and 
military 


• 
lTL 
compatible 
I/O 


• 
Direct 
replacement 
for bipolar 
PROMs 


• 
Capable 
of withstanding> 
2001V 


static 
discharge 


Product Characteristics 
The CY7C251 and CY7C254 are high 
performance 
16,384 word by 8 bit 


CMOS PROMs. 
When deselected, the 
7C251 automatically 
powers down into 


a low power stand-by mode. It is pack- 
aged in the 300 mil wide package. The 
7C254 is packaged in 600 mil wide 
packages and does not power down 
when deselected. The 7C25l and 
7C254 reprogrammable 
CERDIP 
packages are equipped with an erasure 
window; when exposed to UY light, 
these PROMs 
are erased and can then 
be reprogrammed. 
The memory cells 


utilize proven EPROM 
floating gate 


technology 
and byte-wide intelligent 
programming 
algorithms. 


CY7C251 
CY7C254 


16,384 X 8 PROM 


Power Switched and 
Reprogrammable 


The CY7C251 and CY7C254 are plug- 
in replacements 
for bipolar devices and 
offer the advantages 
of lower power, 


superior performance 
and program- 


ming yield. The EPROM 
cell requires 


only l2.5Y for the supervoltage 
and 


low current 
requirements 
allow for 
gang programming. 
The EPROM 
cells 


allow for each memory location to be 
tested 100%, as each location is written 
into, erased, and repeatedly 
exercised 


prior to encapsulation. 
Each PROM 
is 


also tested for AC performance 
to 


guarantee 
that after customer 
program- 
ming the product 
will meet DC and 


AC specification 
limits. 


Reading is accomplished 
by placing all 


four chip selects in their active states. 
The contents of the memory location 
addressed 
by the address lines (Ao- 


Au) 
will become available on the out- 


put lines (00-07). 


0, 


0, 


A, 
, 


A, 


0, 
A, 


A, 
A 


0. 
A, 


A. 


A, 


0, 
A, 


A, 


0, 


0, 


0, 


0086-1 


:!! 
A12 


:!! 
A1J 


:!~cs, 
:!~cs2 
:?~ C53 


: ~~ cS4 
:?~Ne 
:!~°7 
o 


7C2S1-4S 
7C2S1-SS 
7C2S1-6S 


7C2S4-4S 
7C2S4-SS 
7C2S4-6S 
Maximum 
Access Time (ns) 
45 
55 
65 


Maximum 
Operating 
Commercial 
100 
100 
100 
Current 
(mA) 
Military 
120 
120 
Standby 
Current 
(mA) 
Commercial 
30 
30 
30 


(7C25 I only) 
Military 
35 
35 


~ffiE$ 
_~ICONDUCTOR 
_ 


CY7C251 
CY7C254 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65°C 
to + 150°C 
Static Discharge 
Voltage 
>200IV 
Ambient 
Temperature 
with 
(per MIL-STD-883, 
Method 
3015) 
Power Applied 
- 55°C to + 125°C 
Latchup 
Current 
> 200 mA 


Supply Voltage to Ground 
Potential 
UV Exposure 
7258 Wsec/cm2 
(Pin 28 to Pin 14) 
-0.5V 
to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
-0.5V 
to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


DC Program 
Voltage (Pin 22) 
13.5V 


Range 
Ambient 
Vcc 
Temperature 


Commercial 
O'Cto 
+70'C 
5V ± 10% 


Militaryl5] 
- 55'C to + 
125'C 
5V ± 10% • 


7C251·45 
7C251-55,65 
Parameters 
Description 
Test Conditions 
7C254·45 
7C254-55,65 
Units 


Min. 
Max. 
Min. 
Max. 


VOH 
Output 
HIGH 
Voltage 
Vee 
= Min., IOH = -4.0mA 
2.4 
2.4 
V 


VOL 
Output 
LOW Voltage 
Vee 
= Min., IOL = 16.0 mA 
0.5 
0.5 
V 


VIH 
Input HIGH 
Levellt] 
2.0 
2.0 
V 


VIL 
Input 
LOW Levellt] 
0.8 
0.8 
V 


IIX 
Input Current 
GND;' 
VIN ,; Vee 
-10 
+10 
-10 
+10 
JJ.A 


VeD 
Input 
Diode Clamp 
Note 2 
Note 2 
Voltage 


loz 
Output 
Leakage Current 
VOL'; 
VOUT ,; VOH, Output 
Disabled 
-40 
+40 
-40 
+40 
JJ.A 


IOS 
Output 
Short 
Vee 
= Max., VOUT = GND 
-20 
-90 
-20 
-90 
mA 
Circuit 
Currentl3] 


Ice 
Power Supply 
Vee 
= Max., VIN = 2.0V 
Commercial 
100 
100 
mA 
Current 
lOUT ~ OmA 
Military 
120 
mA 


ISH 
Standby 
Supply 
Vee 
= Max., CS;' 
VIH 
Commercial 
30 
30 
mA 


Current 
(7C25 I) 
lOUT = OmA 
Military 
35 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25'C, f ~ I MHz 
10 


COUT 
Output 
Capacitance 
Vee 
= 5.0V 
10 


pF 


Notes: 
I. These are absolute voltages with respect to device ground pin and 


include all overshoots due to system and/or 
tester noise. Do not at- 


tempt to test these values without suitable equipment. 


2. The CMOS process does not provide a clamp diode. However, the 


CY7C251 and CY7C254 are insensitive to - 3V de input levels and 
- 5V undershoot pulses of less than 10 os (measured at 50% point). 


3. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 


4. Tested initially and after any design or process changes that may 


affect these parameters. 
5. TA is the "instant on" case temperature. 
6. See the last page of this specification for Group A subgroup testing 


information. 


~ 
CY7C251 
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Switching Characteristics Over the Operating 
Rangd6. 
7] 


7C251-45 
7C251·55 
7C251·65 


Parameters 
Description 
7C254·45 
7C254·55 
7C254-65 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


tAA 
Address to Output Valid 
45 
55 
65 
ns 


tHZCSj 
Chip Select Inactive to High Z(S,9] 
25 
30 
35 
ns 


tHZCS2 
Chip Select Inactive to High Z (7C251. CSI Only)[SI 
50 
60 
70 
ns 


tACSI 
Chip Select Active to Output Valid[9l 
25 
30 
35 
ns 


tACS2 
Chip Select Active to Output Valid (7C251. CSI Only) 
50 
60 
70 
ns 


tpu 
Chip Select Active to Power Up (7C251) 
0 
0 
0 
ns 


tPD 
Chip Select Inactive to Power Down (7C251) 
50 
60 
70 
ns 


Rl 
235fi 
5VF1 


OUTPUT 0- 


30 
f 
R2 


INCLUDING I 
P 
159fi 


JIG AND 


SCOPE -= 


Rl 
235fi 
5VR 


OUTPUT 


5 
f 
R2 
INCLUDING I 
P 
159fi 


JIG AND 


SCOPE -= 


THEVENIN 
EQUIVALENT 


95fi 


OUTPUT 
~ 
2.02V 


Vcc 


SUPPLY 
CURRENT 


Ao- A'3 


ADDRESS 


CS3 
CS,. CSz. cs. 


t~:j. 
t 
HZCS 
}-_N_O_T_E_8 
tA_C_S_~_ 
.•-+-<-7V------- 


oo-07 
•••X••.... 
~-----_4NOTE 
8 
~ 
~ 
_ 


Notes: 


7. Test conditions 
assume 
signal 
transition 
times of 5 os or less, timing 
reference 
levels of 1.5V, output 
loading 
of the specified 
IoLiIoH 
and 
loads 
shown 
in Figure 
la, 
lb. 


Erasure Characteristics 
Wavelengths 
of light less than 4000 Angstroms 
begin to 
erase the 7C251 and 7C254 in the windowed package. For 
this reason. an opaque label should be placed over the win- 
dow if the PROM 
is exposed to sunlight or fluorescent 


lighting for extended periods of time. 


The recommended 
dose of ultraviolet 
light for erasure is a 


wavelength 
of 2537 Angstroms 
for a minimum 
dose (UV 
intensity 
X exposure time) or 25 Wsec/cm2. 
For an ultra- 


violet lamp with a 12 mW Icm2 power rating the exposure 
time would be approximately 
45 minutes. The 7C251 or 


7C254 needs to be within I inch of the lamp during 


8. IHZCS 
is tested with load shown in Figure 
lb. Transition is measured 
at steady 
state High 
level 
- 500 mV or steady 
state 
Low level + 500 


mY on the output 
from the 1.5V level on the input. 


9. tHZCS,and tACS,refersto 7C254<allchipselects);and 7C25I <CS2, 


CS3and CS4only). 


erasure. Permanent 
damage may result if the PROM 
is 
exposed to high intensity UV light for an extended 
period 
of time. 7258WXsec/cm2 
is the recommended 
maximum 


dosage. 


Blankcheck 


Blankcheck 
is accomplished 
by performing 
a verify cycle 


(VFY toggles on each address), sequencing 
through 
all 


memory address locations, 
where all the data read will be 


"O"s. 


~ 
CY7C251 
.n~~cocrOR 
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1.4 


u 
u 
2 
2 
'" 


1.2 
'" 
w 
W 
N 
~ 
::; 
~ 
.. 
.. 


'" 
1.0 
'" 
'" 
'" 
0 
0 
z 
z 


0.8 


TA = 25°C 


f=~AX. 
0.6 


4.0 
4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE (V) 


NORMALIZED 
SUPPLY CURRENT 


vs. AMBIENT 
TEMPERATURE 
1.2 


NORMALIZED 
ACCESS TIME 
vs. SUPPLY 
VOLTAGE 
1.2 


• 


OUTPUT 
SOURCE CURRENT 
vs. VOLTAGE 


60 


TYPICAL ACCESS TIME 
CHANGE 
vs. OUTPUT 
LOADING 


30.0 


" 
20.0 
-.:.. 
J 
15.0 


@ 
10.0 
0 


5.0 


200 
400 
600 
800 
1000 


CAPACITANCE (pF) 


OUTPUT SINK CURRENT 
vs. OUTPUT 
VOLTAGE 


175 


::<- 
150 
-.S 
>- 


125 
15 
'"'" 
100 
::>u 
VCC= 5.0V 


"" 
75 
TA = 25°C 
z 
Vi 
>- 
50 
::>~ 
::> 
25 
0 


0 
0 
1.0 
2.0 
3.0 
4.0 


OUTPUT VOLTAGE (V) 


0086-12 


~ 
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Ordering Information 


Speed 
Ordering 
Package 
Operating 


(n5) 
Code 
Type 
Range 


45 
CY7C251-45PC 
P21 
Commercial 


CY7C251-45WC 
W22 


CY7C254-45WC 
W16 


CY7C254-45PC 
PIS 


CY7C254-450C 
016 


55 
CY7C251-55PC 
P21 


CY7C251-55WC 
W22 


CY7C254-55WC 
WI6 


CY7C254-55PC 
PIS 


CY7C254-550C 
016 


CY7C251-55WMB 
W22 
Military 


CY7C251-55DMB 
022 


CY7C254-55WMB 
W16 


CY7C254-550MB 
016 


65 
CY7C251-65PC 
P21 
Commercial 


CY7C251-65WC 
W22 


CY7C254-65WC 
WI6 


CY7C254-65PC 
PIS 


CY7C254-650C 
016 


CY7C251-65WMB 
W22 
Military 


CY7C25 I-650MB 
022 


CY7C251-65LMB 
L55 


CY7C251-65QMB 
Q55 


CY7C254-65WMB 
WI6 


CY7C254-65LMB 
L55 


CY7C254-65QMB 
Q55 


CY7C254-650MB 
016 


5n 


CY7C251 


~; 
CY7C254 


~ 
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=================================~ 
MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IIX 
1,2,3 


IOZ 
1,2,3 


ICC 
1,2,3 


ISB[2] 
1,2,3 
• 


Parameters 
Subgroups 


tAA 
7,8,9,10,11 


tACSI[1] 
7,8,9,10,11 


tACS2[2] 
7,8,9,10,11 


Notes; 
I. 7C254 and 7C251 (CS2, CSJ and CS. only). 
2. 7C251 (CS, only). 
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8192 x 8 Power-Switched 
and 


Reprogrammable 
PROM 


The CY7C261, CY7C263, and CY7064 
are plug-in replacements 
for bipolar de- 


vices and offer the advantagcs 
of lower 
power, 
superior 
performance 
and 
pro- 


gramming 
yield. The 
EPROM 
cell re- 


quires only 12.5V for the supcrvoltage and 
low current 
requirements 
allow for gang 
programming. 
The 
EPROM 
cells allow 
for each memory 
location 
to be tested 
100%. as each location 
is written 
into, 


erased, and repeatedly exercised prior to 
encapsulation. 
Each PROM is also tested 


for AC performance 
to guarantee that af· 


ter customer 
programming 
the product 


will meet DC and AC specification limits. 


Read is accomplished by placing an active 
LOW signal on CS. Thc contents of the 
memory location addressed by thc addrcss 
line (Ao- A12)will become available on the 
output lines (00 - 07). 


• 
TTl".compatible 
I/O 
• 
Direct replacement 
for bipolar 


PROMs 


Functional 
Description 


The CY7C261, CY7C263, and CY7C264 
are high-performance 
8192 word by 8 bit 


CMOS 
PROMs. 
When 
deselected, 
the 
7C261 automatically powers down into a 
low-power standby mode. It is packaged in 
the 3llO-mil-widepackage. The 7C263 and 
7064 
arc packaged in 3llO-mil-wide and 
600-mil-wide packages respectively, and do 
not power down when deselected. The re- 
programmable 
CerDIP 
packages 
are 
equipped with an erasure window; when 
exposed to UV light, these PROMs 
are 
erased and can then be reprogrammed. 
Thc memory cells utilize proven EPROM 
floating-gate technology and byte-wide in- 
telligent programming 
algorithms. 


Features 


• 
CMOS for optimum speed/power 


• 
Windowed for reprogrammability 


• 
High speed 
- 20 ns (commercial) 
- 
25 ns (military) 


• 
Low power 
- 
770 mW (commercial) 
- 960 mW (military) 


• 
Super low standby power (7C261) 
- 
Less than 250 mWwhen 
dese- 
lected 
- 
Fast access: 
20 ns 


• 
EPROM technology 100% program- 
mable 
• 
Slim 300-mil or standard 
600-mil 


packaging available 
• 
5V ± 10% Vcc, commercial 
and mili· 
tary 


Pin Configurations 


0, 


DIP/SOJ 
TopView 
LCC 
0. 
Top View 
A, 
2' 
Vce 


tv, 
23 
tv, 
.£'.f~~>8~ :p 


0, 
•• 
22 
"" 
•.. 
21 
A" 
4 3 2~~,282726 
A,o 


A, 
20 
cs 
•.. 
Je261 
25 


0. 
0'9 
Au 
A, 
7C263 
2. 
cs 


A, 
A, 
0 


23 
Au 


A, 
7 
16 
A" 
A, 
22 
A" 


0, 
•• 
6 7C261 17 
0, 
•• 
21 
NC 


00 
9 ~g~~ 
16 
0. 
NC 
10 
7C264 
20 
0, 


00 
11 
19 
0, 
0, 
10 
15 
0, 
121314151617 
18 
0, 
0, 
11 


" 


0. 


GND 
12 
13 
0, 


•....NO 
0 
MN 
Ll'l 
OOzzooo 


" 
0, 
C261-2 
C261-3 


0. 


C261-1 


7C261-30 
7C261·35 
7C261-40 
7C261-45 
7C261-55 


7C263-30 
7C263-35 
7C263-40 
7C263·45 
7C263·55 


7C264-30 
7C264-35 
7C264-40 
7C264-45 
7C264-55 


30 
35 
40 
45 
55 


140 
100 
100 
100 
100 
120 
120 
120 


40 
30 
30 
30 
30 
30 
30 
30 


128 x 512 
PROORAM- 
MABLE 
ARRAY 


Maximum Access Time (ns) 
Maximum Operating 
Commercial 


Current (mA) 
Military 


Commercial 
Maximum Standby 
Current (mA) 


CY7C261 
CY7C263/CY7C264 


Maximum 
Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage.... 
>2001V 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current..................... 
>200 mA 
Supply Voltage to Ground Potential 
UV Exposure 
7258 Wseclcm2 


(Pin 24 to Pin 12) 
- O.5V to + 7.0V 


DC Voltage Applied to Outputs 
Operating 
Range 
in High Z State 
- 0.5V to + 7.0V 


DC Input Voltage. . . . . . . . . . . . . . . . . . . . . .. 
- 3.OV to + 7.0V 


~~ 790g;;pY~Ii3gfcC) 
13.0V 


Electrical 
Characteristics 
Over the Operating Rangel2) 


7C261-30 
7C263-30 
7C264-30 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH 
Vcc = Min., 
V 


Voltage 
IOH = - 4.0 mA 


VOH 
Output HIGH 
Vee = Min., 
2.4 
V 


Voltage 
IOH = - 2.0 mA 


VOL 
Output LOW 
Vee = Min., 
V 


Voltage 
IOL = 16 mA 


VOL 
Output LOW 
Vce = Min., 
0.4 
V 


Voltage 
IoL=8mA 
(6 mAMiI) 
VIH 
Input HIGH Level13j 
2.0 
V 


V,L 
Input LOW Leve1(3) 
0.8 
V 


ILX 
Input Current 
GND~ 
V'N~ 
Vee 
-10 
+ 10 
J.lA 


Ven 
Input Diode Clamp 
Voltage 


Ioz 
Output Leakage 
VOL~ 
VOUT~ VOH, 
-40 
+40 
J.lA 
Current 
Output Disabled 


Ios 
Output Short 
Vce = Max., 
-20 
- 90 
mA 
Circuit CurrentlSj 
VOUT= GND 


Ice 
Power Supply 
Vee = Max., 
140 
mA 
Current 
V'N = 2.0V 


ISB 
Standby Supply 
Vee = Max., CS ~ 
VIH 
40 
mA 
Current (7C261) 
lOUT= 0 mA 


Shaded area conlains preliminaryinformation. 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military"] 
- 55°C to + 125°C 
5V ± 10% 


7C261-35 
7C261-40 
7C261-45,55 
7C263-35 
7C263-40 
7C263-45, 55 
7C264-35 
7C264-40 
7C264-45, 55 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH 
Vee = Min., 
Com'l 
2.4 
2.4 
2.4 
V 


Voltage 
IOH = - 4.0 mA 
Mil 
2.4 
2.4 


VOH 
Output HIGH 
Vee = Min., 
Com'l 
V 


Voltage 
IOH = - 2.0 mA 
Mil 
2.4 


VOL 
OutputWW 
Vee = Min., 
Com'I 
0.4 
0.4 
0.4 
V 


Voltage 
IOL = 16 mA 


0.4 
Mil 
0.4 


VOL 
OutputWW 
Vee = Min., 
Com'I 
V 


Voltage 
IOL=8mA 
Mil 


VIH 
Input mGH Level131 
2.0 
2.0 
2.0 
V 


V1L 
Input LOW LeveII3] 
0.8 
0.8 
0.8 
V 


II){ 
Input Current 
GND ..$..V1N..$..Vee 
- 10 
+10 
- 10 
+10 
- 10 
+ 10 
j.lA 


VeD 
Input Diode Clamp 
Nole4 
Voltage 


loz 
Output Leakage 
VOL..$..VOUT..$..VOH, 
-40 
+40 
-40 
+40 
-40 
+40 
j.lA 
Current 
Output Disabled 


Ios 
Output Short 
Vee = Max., 
-20 
- 90 
-20 
- 90 
-20 
- 90 
mA 
Circuit Currentl51 
VOUT= GND 


Ice 
Power Supply 
Vee - Max., 
Com'l 
100 
100 
100 
mA 
Current 
V1N= 2.0V 
Mil 
120 
120 


ISB 
Standby Supply 
Vee = Max., CS 2. VIH 
Com') 
30 
30 
30 
mA 
Current (7C261) 
lOUT= 0 mA 
Mil 
30 
30 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Notes: 
1. 
TA is the "instant 
on" case temperature. 
2. 
See the last page of this specificationfor Group A subgroup testing 
information. 
3. 
These are absolute voltageswithrespect to deviceground pin and in- 
cludeall overshootsdue tosystemand/or tester noise.Do notattempt 
to test these values without suitable equipment. 


4. 
The CMOS process does not provide a clamp diode. However, the 
CY7C261,CY7C263,and CY7C264are insensitiveto - 3Vde input 
levelsand -5V undershoot pulsesof lessthan 10 ns(measured at 50% 
point). 


5. 
For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 


CY7C261 
CY7C263/CY7C264 


OUTPUT 
OUTPUT 


30pF I 
A2 
5pFI 
A2 


INCLUDING 
INCLUDING 


JIG AND 
_ 
-= 
JIG AND 
_ 
-= 
SCOPE 
- 
SCOPE 
- 
(a) 
(b) 
C261-4 
k: 


10% 


..s.. 5 ns 


IoH/IoL 
-2mNSmA 
-4 mNl6 mA 


Rl 
soon 
250n 


(65Sn 
Mil) 


R2 
333n 
l67n 


(403n 
Mil) 


RTH 
200n 
loon 


(250n 
Mil) 
• 


Vcc 


SUPPLY 
CURRENT 


-NOTE6 


-NOTE6 


C261-7 


Switching 
Characteristics 
Over the Operating Rangel1,2l 


7C261-30 
7C261-35 


7C263-30 
7C263-35 
7C264-30 
7C264-35 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Units 


tAA 
Address to Output Valid 
30 
35 
ns 


tHZCSI 
Chip Select Inactive to High Zl6l 
25 
25 
ns 


tHZCS2 
Chip Select Inactive to High ZI6l(7C26l) 
30 
30 
ns 


tACSI 
Chip Select Active to Output Valid 
20 
20 
ns 


lACS2 
Chip Select Active to Output Valid (7C26l) 
35 
40 
ns 


tpu 
Chip Select Active to Power-Up (7C26l) 
0 
0 
ns 


tpD 
Chip Select Inactive to Power-Down (7C26l) 
30 
35 
ns 


CY7C261 
CY7C263/CY7C264 


7C261-40 
7C261-45 
7C26 1-55 


7C263-40 
7C263-45 
7C263-55 


7C264-40 
7C264-45 
7C264-55 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tAA 
Address 
to Output 
Valid 
40 
45 
55 
ns 


tHZCSI 
Chip 
Select 
Inactive 
to High 
Z(6) 
25 
30 
35 
ns 


tHZCS2 
Chip 
Select 
Inactive 
to High 
Z(6) (7C261) 
35 
45 
55 
ns 


tACSI 
Chip 
Select 
Active 
to Output 
Valid 
25 
30 
35 
ns 


tACS2 
Chip 
Select 
Active 
to Output 
Valid (7C261) 
45 
45 
55 
ns 


tpu 
Chip 
Select 
Active 
to Power-Up 
(7C261) 
0 
0 
0 
ns 


tPD 
Chip 
Select Inactive 
to PO\\er-Down 
(7C261) 
40 
45 
55 
ns 


Notes: 
6. 
tHZCSis tested using the load as shown in part <a) of AC "Iest Loads 
and Waveforms. The transition time is measured from l.SV on the CS 
LOW to HIGH transition 
to the output transition 
through the ± SOD 
mV level respective 
to the 2.0V bias voltage 
<VTHZCSL= 
l.Sy, 


VTHZCSH= 2.SV). 


CY7C261 
CY7C263/CY7C264 


Erasure Characteristics 


Wavelengths of light less than 4000 angstroms begin to erase the 
devices in the windowed package. For this reason, an opaque label 
should be placed over the window if the PROM is exposed to sun- 
light or fluorescent lighting for extended periods of time. 


The recommended 
dose of ultraviolet light for erasure is a wave- 


length of 2537 angstroms for a minimum dose (UV intensity x ex- 
posure time) or 25 Wsee/cm2 For an ultraviolet lamp with a 12 
mW/cm' power rating. the exposure time would be approximately 
45 minutes. The 7C261 or 7C263 needs to be within 1 inch of the 
lamp during erasure. Permanent damage may result if the PROM 
is exposed to high-intensity 
UV light for an extended period of 


time. 7258W x see/cm' is the recommended 
maximum dosage. 
Operating 
Modes 
• 


Read is the normal operating mode for a programmed 
device. In 


this mode, all signals are normal TTL levels. The PROM is ad- 
dresscd with a 13-bit field, a chip select, (active LOW), is applied 
to the CS pin, and the contents of the addressed location appear 
on the data out pins. 


Program, 
Program 
Inhibit, Program 
Verify 


These modes are entered by placing a high voltage V pp on pin 19, 
with pins 18and 20 set to VILP.In this state, pin 21 becomes a latch 
signal, allowing the upper 5 address bits to be latched into an on- 
board register, pin 22 becomes an active LOW...£!Qgram (PGM) 
signal and pin 23 becomes an active LOW verify (VFY) signal. Pins 
22 and 23 should never be active LOW at the same time. The 
PROGRAM 
mode exists when PGM is LOW, and VFY is HIGH. 


The verify mode exists when the reverse is true, PGM HIGH and 
VFY LOW and the program inhibit mode is entered with both 
PGM and VFY HIGH. Program inhibit is specifically provided to 
allow data to be placed on and removed from the data pins without 
conflict. 


CY7C261 
CY7C263/CY7C264 


NORMALIZED 
SUPPLY CURRENT 


vs. SUPPLY VOLTAGE 
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Jl1.4 
o 
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::;;a:oz 
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NORMALIZED 
SUPPLY CURRENT 
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TEMPERATURE 
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N:J« 
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a:oz 


0.8 
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AMBIENT 
TEMPERATURE 
(0C) 


NORMALIZED 
ACCESS TIME 


vs. SUPPLY VOLTAGE 
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SUPPLY 
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NORMALIZED 
ACCESS TIME 
OUTPUT 
SOURCE 
CURRENT 
TYPICAL ACCESS TIME CHANGE 


vs. TEMPERATURE 
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vs. OUTPUT 
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AMBIENT 
TEMPERATURE 
(0C) 
OUTPUT 
VOLTAGE M 


OUTPUT 
SINK CURRENT 
vs. OUTPUT 
VOLTAGE 
:< 175 
.s 150 
f-z 
~ 
125 
a: 
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'"z 
75 
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5 
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CY7C261 
CY7C263/CY7C264 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYPe 
Range 


20 
CY7C261-20PC 
P13 
Commercial 


CY7C261-20WC 
W14 


25 
CY7C261-25PC 
P13 
Commercial 


CY7C261-25WC 
W14 


CY7C261-25DMB 
D14 
Military 


CY7C261-25WMB 
W14 


CY7C261-25LMB 
1.64 


CY7C261-250MB 
064 


30 
CY7C261-30PC 
P13 
Commercial 


CY7C261-30WC 
W14 


35 
CY7C261-35PC 
P13 
Commercial 


CY7C261-35WC 
W14 


CY7C261-35DMB 
D14 
Military 


CY7C261-35WMB 
W14 


CY7C261-35LMB 
1.64 


CY7C261-350MB 
064 


40 
CY7C261-40PC 
P13 
Commercial 


CY7C261-40WC 
W14 


45 
CY7C261-45PC 
P13 
Commercial 


CY7C261-45WC 
W14 


CY7C261-45DMB 
D14 
Military 


CY7C261-45WMB 
W14 


CY7C261-45LMB 
1.64 


CY7C261-450MB 
064 


55 
CY7C261-55PC 
P13 
Commercial 


CY7C261-55WC 
W14 


CY7C261-55DMB 
D14 
Military 


CY7C261-55WMB 
W14 


CY7C261-55LMB 
1.64 


CY7C261-550MB 
064 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYPe 
Range 


20 
CY7C263-20PC 
P13 
Commercial 


CY7C263-20WC 
W14 


25 
CY7C263-25PC 
P13 
Commercial 


CY7C263-25WC 
W14 


CY7C263-25DMB 
D14 
Military 


CY7C263-25WMB 
W14 


CY7C263-25LMB 
1.64 


CY7C263-250MB 
064 


30 
CY7C263-30PC 
P13 
Commercial 


CY7C263-30WC 
W14 


35 
CY7C263-35PC 
P13 
Commercial 


CY7C263-35WC 
W14 


CY7C263-35DMB 
D14 
Military 


CY7C263-35WMB 
W14 


CY7C263-35LMB 
1.64 


CY7C263-350MB 
064 


40 
CY7C263-40PC 
P13 
Commercial 


CY7C263-4OWC 
W14 


45 
CY7C263-45PC 
P13 
Commercial 


CY7C263-45WC 
W14 


CY7C263-45DMB 
D14 
Military 


CY7C263-45WMB 
W14 


CY7C263-45LMB 
1.64 


CY7C263-450MB 
064 


55 
CY7C263-55PC 
P13 
Commercial 


CY7C263-55WC 
W14 


CY7C263-55DMB 
D14 
Military 


CY7C263-55WMB 
W14 


CY7C263-55LMB 
1.64 


CY7C263-550MB 
064 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
Type 
Range 


20 
CY7C264-20PC 
P11 
Commercial 


CY7C264-20WC 
W12 


CY7C264-200C 
012 


25 
CY7C264-25PC 
P11 
Commercial 


CY7C264-25WC 
W12 


CY7C264-250C 
012 


CY7C264-250MB 
012 
Military 


CY7C264-25WMB 
W12 


30 
CY7C264-30PC 
P11 
Commercial 


CY7C264-30WC 
W12 


CY7C264-300C 
012 


35 
CY7C264-35PC 
P11 
Commercial 


CY7C264-35WC 
W12 


CY7C264-350C 
012 


CY7C264-350MB 
012 
Military 


CY7C264-35WMB 
W12 


40 
CY7C264-4OPC 
P11 
Commercial 


CY7C264-4OWC 
W12 


CY7C264-400C 
012 


45 
CY7C264-45PC 
P11 
Commercial 


CY7C264-45WC 
W12 


CY7C264-450C 
012 


CY7C264-450MB 
012 
Military 


CY7C264-45WMB 
W12 


55 
CY7C264-55PC 
P11 
Commercial 


CY7C264-55WC 
W12 


CY7C264-550C 
012 


CY7C264-550MB 
012 
Military 


CY7C264-55WMB 
W12 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


V'H 
1,2,3 


V'L 
1,2,3 


I,x 
1,2,3 
Ioz 
1,2,3 
Icc 
1,2,3 
IsBI7j 
1,2,3 


Parameters 
Subgroups 


tAA 
7, 8, 9, 10, 11 


tHZCS,'8j 
7, 8, 9, 10, 11 


tHZCS'p' 
7, 8, 9, 10, 11 


tAcs,'8] 
7, 8, 9, 10, 11 
tAcS,[8j 
7, 8, 9, 10, 11 


Noles: 
7. 
7C261 only. 


8. 
7C263 and 7C264 only. 
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Features 


• 
CMOS for optimum speed/power 


• 
High speed 
- 
15 os max. set-up 
- 
12 os clock to output 


• 
Low power 
- 
770 mW (commercial) 
- 
965 mW (military) 


• 
On-chip edge-triggered 
registers 
- 
Ideal for pipelined micropro- 
grammed systems 


• 
EPROM technology 
- 
100% programmable 
- 
Reprogrammable 
(7C265W) 


• 
5V ± 10% Vcc, commercial 
and 
military 
• 
Capable of withstanding> 
2001V 
static discharge 
• 
Slim 28-pin, 300-mil plastic or her- 
metic DIP 


ROW 
DECODER 
1 OF 128 


128 x 512 
PROGRAMMABLE 
ARRAY 


COLUMN 
DECODER 
1 DF64 


Functional Description 


The CY7C265 is a 64K registered PROM. 
It is organized as 8,192words by 8 bits wide. 
and has a pipeline output register. In addi- 
tion. the device features a programmable 
initialize byte that may be loaded into the 
pipeline register with the initialize signal. 
The programmable 
initialize byte is the 
8.193rd byte in the PROM and its value is 
programmed 
at the time of use. 


Packaged with 28 pins. the PROM has 13 
address signals (Aothrou&.h_A12).8 data out 
signals (00 through 07). Ell (enable or ini- 
tialize). and CLOCK. 


CLOCK 
functions 
as a pipeline 
clock. 
loading 
the 
contents 
of the 
addressed 
memory location into the pipeline register 
on each rising edge. The data will appear 
on the outputs if they are enabled. One pin 
on the CY7C265 is programmed 
to per- 
form either 
the enable 
or the initialize 
function. 


8-BIT 
EOGE- 
TRIGGERED 
REGISTER 


64K Registered PROM 


If the asynchronous 
enable (E) is being 


used. the outputs may be disabled at any 
time by switching the enable to a logic 
HIGH. and may be returned to the active 
state by switching the enable to a logic 
LOW. 


If the synchronous 
enable (Es) is being 


used. the outputs will go to the OFF or 
high-impedance 
state upon the next posi- 
tive clock edge after the synchronous en- 
able input is switched to a HIGH level. If 
the synchronous enable pin is switched to 
a logic LOW. the subsequent positive clock 
edge will return the output to the active 
state. Following a positive clock edge. the 
address 
and synchronous 
enable 
inputs 


are free to change since no change in the 
output will occur until the next LOW-to- 
HIGH transition of the clock. This unique 
feature allo'M;the CY7C265 decoders and 
sense amplifiers to access the next location 
while previously addressed 
data remains 


stable on the outputs. 
• 


Functional 
Description 
(continued) 


If the Ell pin is used for INIT (asynchronous), 
then the outputs 


are permanently 
enabled. The initialize function is useful during 


power-up and time-out sequences, and can facilitate implementa- 
tion of other sophisticated functions such as a built-in "jump start" 
address. When activated, the initialize control input causes the 
contents of a user programmed 8193rd 8-bit word to be loaded into 
the on-chip register. Each bit is programmable 
and the initialize 


function can be used to load any desired combination of l's and 


CY7C265 


O'sinto the register. In the unprogrammed 
state, activating INIT 


will generate a register clear (all outputs LOW). If all the bits of 
the initialize word are programmed, 
activating INIT performs a 


register preset (all outputs HIGH). 
Applying a LOW to the INIT input causes an immediate load of 
the programmed initialize word into the pipeline register and onto 
the outputs. The INITLOWdisables 
clock and mustretum 
HIGH 


to enable clock independent 
of all other inputs, including the 


clock. 


7C265·15 
7C265·18 
7C265·25 
7C265-40 
7C265·50 
7C265·60 


Maximum Set-Up Time (ns) 
15 
18 
25 
40 
50 
60 


Maximum Clock to Output (ns) 
12 
15 
20 
20 
25 
25 


Maximum Operating Current (mA) 
I Com'l 
140 
140 
100 
80 
80 


rMiI 
175 
175 
120 
100 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Tem~,erature 
- 65°C to + 150°C 
Latch-Up Current 
> 200 mA 


Ambient Temperature 
with 


Power Applied 
- 55°C to + 125°C 
Operating 
Range 


Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 


DC Input Voltage. . . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


DC Program Voltage 
l3.0V 


UV Exposure 
7258 Wseclcm2 


Static Discharge Voltage . . . . . . . . . . . . . . . . . . . . . . . .. 
>200IV 


(per MIL-STD-883, Method 3015) 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military(1) 
- 55°C to + 125°C 
5V + 10% 


7C265·15 
7C265·18 
7C265-25 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = - 2.0 mA 
2.4 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA I Com'l 
0.4 
0.4 
0.4 
V 


Vee = Min., IOL = 6.0 mA I Mil 
0.4 
0.4 
0.4 


VIH 
Input HIGH Voltage 
2.0 
2.0 
2.0 
V 


V1L 
Input LOW Voltage 
0.8 
0.8 
0.8 
V 


I,x 
Input Load Current 
GND..$.. V'N..$..Vee 
-10 
+10 
-10 
+10 
- 10 
+10 
iJ.A 


Ioz 
Output Leakage Current 
GND..$.. VOUT..$..Vee, 
-40 
+40 
-40 
+40 
-40 
+40 
iJ.A 


Output Disabled 


Ios 
Output Short 
Vee = Max., VOUT= GND 
90 
90 
90 
mA 
Circuit Current 


Ice 
Vee Operating 
Vee - 
Max., 
ICom'! 
140 
140 
mA 
Supply Current 
lOUT= 0 mA 
I Mil 
175 
175 


7C265·40 
7C265·50 
7C265·60 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = - 2.0 mA 
2.4 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IoL = 120 mA ICorn'l 
0.4 
0.4 
0.4 
V 


Vee = Min., IOL= 8.0 mA I Mil 
0.4 
0.4 
0.4 


VIH 
Input HIGH Voltage 
2.0 
2.0 
2.0 
V 


V1L 
Input LOW Voltage 
0.8 
0.8 
0.8 
V 


IIX 
Input Load Current 
GND -=>.. V1N -=>.. Vee 
-10 
+ 10 
- 10 
+ 10 
-10 
+10 
vA 


Ioz 
Output Leakage Current 
GND -=>.. VOUT-=>" Vee, 
-40 
+40 
-40 
+40 
-40 
+40 
vA 


Output Disabled 


Ios 
Output Short 
Vee = Max., VOUT= GND 
90 
90 
90 
mA 


Circuit Current 


Ice 
Vee Operating 
Vee = Max., 
ICorn'l 
100 
80 
80 
rnA 


Supply Current 
lOUT= 0 rnA 
I Mil 
120 
100 • 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 


CoUT 
Output Capacitance 
Vcc = 5.0V 
10 
pF 


5V 


OUTPUT 


5V 


OUTPUT 


INcLUDIN'iiI 


JIG AND 


SCOPE -= 


5 
PFI 
INCLUDING 
JIG AND_ 


SCOPE 
- 
(b) 


~ 


10% 


..s..5 
ns 


IowIoL 
-2 mN8 mA 
-2 mN12mA 


R1 
5000 
(6580 Mil) 
2500 


R2 
3330 
(4030 Mil) 
1670 


RTH 
2OO!l (2500 Mil) 
1000 


CL 
30pF 
50pF 


VTH 
I Com 'I 
2.0V 
2.11 
I Mil 
1.9V 
2.0 


7C265-15 
7C265-18 
7C265-25 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tAS 
Address Set-Up to Clock 
15 
18 
25 
ns 


tHA 
Address Hold from Clock 
0 
0 
0 
ns 


leo 
Clock to Output Valid 
12 
15 
20 
ns 


tpw 
Clock Pulse Width 
12 
15 
20 
ns 


tSES 
Es Set-Up to Clock (Sync. Enable Only) 
12 
15 
20 
ns 


tHES 
Es Hold from Clock 
5 
7 
10 
ns 


to! 
INIT to Output Valid 
15 
18 
25 
ns 


tRI 
INIT Recovery to Clock 
12 
15 
20 
ns 


tPWl 
INIT Pulse Width 
12 
15 
20 
ns 


leas 
Output Valid from Clock (Sync. Mode) 
12 
15 
20 
ns 


tHZC 
Output Inactive from Clock (Sync. Mode) 
12 
15 
20 
ns 


tDOE 
Output Valid from E LOW (Async. Mode) 
12 
15 
20 
ns 


tHZE 
Output Inactive from E HIGH (Async. Mode) 
12 
15 
20 
ns 


7C265-40 
7C265·50 
7C265·60 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tAS 
Address Set-Up to Clock 
40 
50 
60 
ns 


tHA 
Address Hold from Clock 
0 
0 
0 
ns 


leo 
Clock to Output Valid 
20 
25 
25 
ns 


tpw 
Clock Pulse Width 
15 
20 
20 
ns 


tSES 
Es Set-Up to Clock (Sync. Enable Only) 
15 
15 
15 
ns 


tHES 
Es Hold from Clock 
5 
5 
5 
ns 


to! 
INIT to Output Valid 
25 
35 
35 
ns 


tRI 
INIT Recovery to Clock 
20 
25 
25 
ns 


tpWl 
INIT Pulse Width 
25 
35 
35 
ns 


leas 
Output Valid from Clock (Sync. Mode) 
20 
25 
25 
ns 


tHZC 
Output Inactive from Clock (Sync. Mode) 
20 
25 
25 
ns 


tDOE 
Output Valid from E LOW (Async. Mode) 
20 
25 
25 
ns 


tHZE 
Output Inactive from E HIGH (Async. Mode) 
20 
25 
25 
ns 


NOles: 
1. TAis the "instant on" case temperature. 
3. Testedinitiallyand after anydesignor processchangesthat mayaffect 
2. 
See the last page of this specificationfor Group A subgroup testing 
these parameters. 
Information. 


SYNCHRONOUS 
ENABLE 


(PROGRAMMABLE) 


ASYNCHRONOUS 
INIT 


(PROGRAMMABLE) 


Notes on Testing: 
Incoming 
test procedures 
on these devices should be carefully 
planned, 


taking into account 
the high performance 
and output drive capabilities of 


the parts. The following notes may be useful. 
A. 
Ensure that adequate 
decoupling 
capacitance 
is employed across the 
device Vcc 
and ground terminals. Multiple capacitors are recom- 
mended, 
including 
a O.l-~F 
or larger capacitor 
and a O.Ol-~F 
or 


smaller capactor placed as close to the device terminals as JX>SSible. 
Inadequate 
decoupling 
may result in large variations of power supply 
voltage. creating erroneous function or transient performance fail- 
ures. 
B. 
Do not leave any inputs disconnected 
(floating) during any tests. 


C. 
Do not attempt 
to perform threshold 
tests under AC conditions. 
Lar- 


ge-amplitude, fast ground-current transients normally occur as the de- 
vice outputs discharge the load capacitances. 
These transients, which 


flow through the parasitic inductance between the device ground pin 
and the test system ground, can create significant 
reductions 
in observ- 
able input noise immunity. 
D. 
Output levels are measured at 1.5V reference levels. 


E. 
"fransition is measured at steady-state 
HIGH level- 
500 mV or steady- 


state WW level + 500 mV on the output 
from the 1.5V level on in- 


puts with load as shown in (b) of AC Test Loads and Waveforms. 


Programming Algorithm for the Architecture 


The 7C2f)5 offers a limited selection of programmed architecture. 
Programming these features should be done with a single 10-ms- 
wide pulse in place of the intelligent algorithm, mainly because 
these features are verified operationally, not with the VFY pin. Ar- 
chitecture programming is implemented by applying the supervol- 
tage to two additional pins during programming. In programming 
the 7C2f)5 architecture, 
V pp is applied to pins 3, 9, and 22. The 


choice of a particular mode depends on the states of the other pins 
during programming, 
so it is important that the condition of the 


other pins be met as set forth in the mode table. The consider- 
ations that apply with respect to power-up and power-down during 
intelligent programming 
also apply during architecture program- 


ming. Once the supervoltages have been established and the cor- 
rect logic states exist on the other device pins, programming 
may 


begin. Programming is accomplished by pulling PGM from HIGH 
to LOW and then back to HIGH with a pulse width equal to 10 
ms. 


Erasure Characteristics 


Wavelengths of light less than 4000 angstroms begin to erase the 
7C2f)5 in the windowed package. For this reason, an opaque label 
should be placed over the window if the PROM is exposed to sun- 
light or fluorescent lighting for extended periods of time. 
The recommended 
dose of ultraviolet light for erasure is a wave- 
length of 2537 angstroms for a minimum dose (UV intensity· 
ex- 


posure time) or 25 Wseclcmz. For an ultraviolet lamp with a 12 
mW/cmz power rating the exposure time would be approximately 
45 minutes. The 7C2f)5 needs to be within one inch of the lamp 
during erasure. Permanent damage may result if the PROM is ex- 
posed to high-intensity 
UV light for an extended period of time. 


7258 Wseclcmz is the recommended 
maximum dosage. 


1'22 
1'2 
1'3 
1'26 
1'6 
1'7 
1'8 
P9 
1'10 
1'20 
1'24 
"Ell 
1'23 


Mode Select 
Ao 
As 
A. 
Az 
PGM 
CLK 
AI 
Ao 
VFY 
All 
Vpp 
Au 


Normal Read 
At, 
As 
PM; 
Az 
L 
UH 
AI 
Ao 
HIZ 
All 
H/L 
A1z 


Program (Memory) 
At, 
As 
PM; 
Az 
L 
L 
AI 
Ao 
H 
All 
Vpp 
Au 


Program Verify 
At, 
As 
Po" 
Az 
H 
L 
AI 
Ao 
L 
All 
Vpp 
A1z 


Program Inhibit 
At, 
As 
PM; 
Az 
H 
L 
AI 
Ao 
H 
All 
Vpp 
Au 


Async. Enable Read 
At, 
As 
PM; 
Az 
L 
L 
AI 
Ao 
HIZ 
All 
L 
Au 


Sync. Enable Read 
At, 
As 
Po" 
Az 
L 
UH 
AI 
Ao 
HIZ 
All 
L 
Au 
Async. Inil. Read 
At, 
As 
PM; 
Az 
L 
L 
AI 
Ao 
HIZ 
All 
L 
Au 


Program Sync. Enablel"1 
H 
Vpp 
Po" 
H 
L 
L 
Vpp 
L 
H 
H 
Vpp 
H 


Program InitializelSI 
H 
Vpp 
Po" 
L 
L 
L 
Vpp 
L 
H 
H 
Vpp 
L 


Program Initial Byte 
H 
Vpp 
Po" 
L 
L 
L 
Vpp 
H 
H 
L 
Vpp 
Au 


Notes: 
4. 
Default 
is asynchronous 
enable. 


Bit Map Data 


Programmer 
Address (Hex.) 
RAM Data 


Decimal 
Hex 
Contents 


0 
0 
Data 


8191 
IFFF 
Data 
8192 
2000 
INIT B~te 
8193 
2001 
Control 
yte 


Control Byte 


00 Asynchronous 
output enable (default condition) 
01 Synchronous output enable 
02 Asynchronous 
initialize 


NORMALIZED 
SUPPLY CURRENT 


\'S. SUPPLY VOLTAGE 
1.6 


Jl1.4 
o 
~ 
1.2 
::J 
c{ 


~ 
1.0 
oz 


TA = 25°C 
f = MAX. 


4.5 
5.0 
5.5 


SUPPLY 
VOLTAGE M 


NORMALIZED 
ACCESS TIME 


\'S. AMBIENT 
TEMPERATURE 


:[ 
16 


w 
~ 
1.4 
en 
en 
w 
1.2 
~ 
@ 
1.0 
N:J 
c{ 
::;:croz 
0.6 
-55 
25 
125 


AMBIENT 
TEMPERATURE 
(0C) 


NORMALIZED 
SUPPLY CURRENT 


\'S. AMBIENT 
TEMPERATURE 
1.2 


Jl 
1.1 


@ 
N 
~ 
1.0 
::;:croz 
0.9 


0.8 


-55 
25 
125 


AMBIENT 
TEMPERATURE 
(0C) 


OUTPUT 
SINK CURRENT 
vs. OUTPUT VOLTAGE 
« 175 
E.15O 
l-z 
~ 
125 
cra 100 
~z 
75 
ii5 
~ 
50 
Cl. 


~ 
25 
o 


./ ,... 
/ 
/ 
Vcc = 5.0V 
/ 
TA = 25°C 
o 
0.0 
1.0 
2.0 
3.0 
4.0 


OUTPUT 
VOLTAGE 
M 


OUTPUT 
SOURCE 
CURRENT 


vs. OUTPUT 
VOLTAGE 


«60 
E. 
l- 
Zwcrcr 
::::>() 


~ 
30 
cr 
::::>g 
20 


~ 
10 
~o 
0 
0.0 
1.0 
2.0 
3.0 
4.0 


OUTPUT 
VOLTAGE 
M 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT 
WADING 


30.0 
• 


en.s 25.0 
w 


~ 
20.0 
en 
ffl 
15.0 
8 


c{ 
10.0 
~ 
wo 


200 
400 
600 
800 
1000 


CAPACITANCE 
(pF) 


Speed 
Ice 
Package 
Operating 
(ns) 
(mA) 
Ordering 
Code 
Type 
Range 


15 
140 
CY7C265-15PC 
P21 
Commercial 


CY7C265-15DC 
D22 


CY7C265-15LC 
L64 


CY7C265-150C 
064 


CY7C265-15WC 
W22 


18 
140 
CY7C265-18PC 
P21 
Commercial 


CY7C265-18DC 
D22 


CY7C265-18LC 
L64 


CY7C265-180C 
064 


CY7C265-18WC 
W22 


175 
CY7C265-18DMB 
D22 
Military 


CY7C265-18WMB 
W22 


CY7C265-18LMB 
L64 


CY7C265-180MB 
064 


25 
175 
CY7C265-25DMB 
D22 
Military 


CY7C265-25WMB 
W22 


CY7C265-25LMB 
L64 


CY7C265-250MB 
064 


40 
100 
CY7C265-40PC 
P21 
Commercial 


CY7C265-40DC 
D22 


CY7C265-40LC 
L64 


CY7C265-4OQC 
Q64 


CY7C265-4OWC 
W22 


50 
80 
CY7C265-50PC 
P21 
Commercial 


CY7C265-50DC 
D22 


CY7C265-50LC 
L64 


CY7C265-5OQC 
064 


CY7C265-50WC 
W22 


175 
CY7C265-50DMB 
D22 
Military 


CY7C265-50WMB 
W22 


CY7C265-50LMB 
L64 


CY7C265-5OQMB 
064 


60 
80 
CY7C265-6OPC 
P21 
Commercial 


CY7C265-6ODC 
D22 


CY7C265-6OLC 
L64 


CY7C265-6OQC 
064 


CY7C265-6OWC 
W22 


100 
CY7C265-6ODMB 
D22 
Military 


CY7C265-6OWMB 
W22 


CY7C265-60LMB 
L64 


CY7C265-6OQMB 
064 


MILITARY 
SPECIFICATIONS 
Group 
A Subgroup 
Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1L 
1,2,3 


Ilx 
1,2,3 
Ioz 
1,2,3 


Ice 
1,2,3 
ISB 
1,2,3 


Parameters 
Subgroups 


tAs 
7, 8, 9, 10, 11 


tHA 
7, 8, 9, 10, 11 


teo 
7, 8, 9, 10, 11 


tpw 
7, 8, 9, 10, 11 


tSES 
7, 8, 9, 10, 11 


tHES 
7, 8, 9, 10, 11 


teos 
7, 8, 9, 10, 11 


~- 
~....~ 
CY7C266 
'fjE CYPRESS~~~~~~~~~~~~~ 
iF 
SEMICONDUCTOR 
8192 x 8 PROM Power 


Switched and Reprogrammable 


Features 


• 
CMOS for optimum speed/power 
• 
Windowed for reprogrammability 


• 
High speed 
- 
20 ns (commercial) 


- 
25 ns (military) 


• 
Low power 
- 
770 mW (commercial) 


- 
965 mW (military) 


• 
Super low standby power 
- 
Less than 85 mW when deselected 


• 
EPROM technology 100% 
programmable 
• 
5V ± 10% Vcc, commercial 
and 
military 


128 x 512 
PROGRAMMABLE 
ARRAY 


• 
TTL-compatihle 
I/O 
• 
Direct replacement 
for EPROMs 
Functional Description 


The CY7C266 is a high-performance 
8192 
word by 8 bit CMOS PROM. 
When dese- 
lected, the CY7C266 automatically powers 
down into a low-power standby mode. 
It 
is packaged in the 600-mil-wide package. 
The 
reprogrammable 
CerDIP 
packages 
are equipped 
with an erasure 
window; 


when exposed to UV light, these PROMs 
are erased and can then be reprogrammed. 
The memory cells utilize proven EPROM 
floating-gate technology and byte-wide in- 
telligent programming 
algorithms. 


The CY7C266 is a plug-in replacement for 
EPROM devices.The EPROM cellrequires 


only 12.5V for the super voltage and low- 
current requirements 
allow for gang pro- 


gramming. 
The EPROM 
cells allow for 


each memory location to be tested 100%, 
as each location is written into, erased, and 
repeatedly 
exercised prior to encapsu la- 
tion. 
Each PROM 
is also tested for AC 


performance 
to guarantee 
that after cus- 


tomerprogramming, 
the product will meet 


DC and AC specification limits. 


Reading is accomplished by ~cing 
an ac- 


tive LOW signal on OE and CEo The con- 
tents of the memory location addressed by 
the address lines (Ao through A,,) will be- 
come available on the output 
lines (00 


through 0,). 
• 


CerDIP 
Top View 


1 
28 
Vo: 


2 
27 
Vcc 


3 
26 
NC 


4 
2S 
Ao 


5 
24 
Ao 


6 
23 
All 


7022 
DE 


8 
21 
A10 


9 7C266 20 
CE 


10 
19 
01 


11 
18 
0. 


12 
17 
O!l 


13 
16 
o~ 


14 
15 
0, 


LCC 


Top View 
.(~9~~~~ 


Ao 
432t~323130 
Ao 
5 
29 


A, 
8 
28 
Ao 


"" 
7 0 


2' 
A" 
A, 
8 
26 
NC 


A, 
9 
25 
DE 


A, 
10 
24 
A" 


"" 
11 
23 
CE 


NC 
12 
7C266 
22 
0, 


0, 
13 
21 
0, 


14151617181920 
"a'~§10' 0'Cf' 
C266-3 
" 


7C266-20 
7C266-25 
7C266-35 
7C266-45 
7C266-55 


Maximum Access Time (ns) 
20 
25 
35 
45 
55 


Maximum Of 
rating 
Commercial 
140 
140 
100 
100 
100 
Current (mA 
Military 
175 
125 
125 
Maximum Standby 
Commercial 
15 
15 
15 
15 
15 
Current (mA) 
Military 
15 
15 
15 


Storage 
Temperature 
-65°C 
to + 150°C 


Ambient 
Temperature 
with 


Power 
Applied 
- 55°C 
to + 125°C 


Supply 
Voltage 
to Ground 
Potential 


(pin 28 to Pin 14) 
- 0.5V to + 7.0V 


DC Voltage 
Applied 
to Outputs 
in High 
Z State 
- 0.5V to + 7.0V 


DC Input 
Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


DC Program 
Voltage 
................•.............. 
14.0V 


Static 
Discharge 
Voltage 
...................•..... 
> 2001V 
(per 
MIL-STD-883, 
Method 
3015) 


Electrical 
Characteristics 
Over 
the Operating 
Rangel21 


> 200 mA 


7258 Wseclcm2 


Latch-Up 
Current. 


UV Exposure 
. 


Operating 
Range 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to 
+ 70°C 
5V ± 10% 


Militaryll\ 
- 55°C 
to + 
125°C 
5V ± 10% 


7C266-20 
7C266-25 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output 
HIGH 
Voltage 
Vee 
= Min., 
IOH = - 4.0 mA 
Com'l 
V 


Mil 


VOH 
Output 
HIGH 
Voltage 
Vee 
= Min., 
IOH = - 2.0 mA 
Com'l 
2.4 
2.4 
V 


Mil 
2.4 


VOL 
Output 
LOW 
Voltage 
V cc = Min., 
IOL = 16.0 mA 
Com'l 
V 


Mil 


VOL 
Output 
LOW 
Voltage 
V cc = Min., 
IOL = 8.0 mA 
Com'l 
0.4 
0.4 
V 


V cc = Min., 
IOL = 6.0 mA 
Mil 
0.4 


VIH 
Input 
HIGH 
VoltagePI 
2.0 
2.0 
V 


VIL 
Input 
LOW 
Voltagel3] 
0.8 
0.8 
V 


Ilx 
Input 
Current 
GNDs. 
VINs. 
Vec 
-10 
+10 
- 10 
+10 
).lA 


VeD 
Input 
Diode 
Clamp 
Note 
4 
Voltage 


Ioz 
Output 
Leakage 
Current 
VOLs. 
VOUT s. 
VOH, 
-40 
+40 
-40 
+40 
).lA 
Output 
Disabled 


Ios 
Output 
Short 
Vce 
= Max., VOUT = GND 
-20 
- 90 
-20 
-90 
mA 
Circuit 
Current!'1 


Ice 
Power 
Supply 
Current 
Vcc 
= Max., VIN = 2.0V, 
Com'l 
140 
140 
mA 


lOUT = 0 mA 
Mil 
175 


ISB 
Standby 
Supply 
Current 
Chip 
Enable 
Inactive, 
Com'l 
15 
15 
mA 
CE 2. VIH, lOUT = 0 mA 
Mil 
15 


Notes: 
1. 
TA is the "instant 
on" case temperature. 
2. 
See the la,t page of this specification 
for Group A subgroup 
testing 
information. 
3. 
These are absolute voltages with respect to device ground pin and in- 
clude all overshoots due to system and/or tester noise. Do not attempt 
to test these values without suitable equipment. 


4. 
The CMOS process does not provide a clamp diode. However, 
the 
CY7C266 
is insensitive 
to -3V 
de input levels and -5V undershoot 


pulses of less than 10 ns (measured 
at 50% point). 
5. 
For test purposes, 
not more 
than one output 
at a time should be 
shorted. 
Short circuit test duration 
should not exceed 30 seconds. 


6. 
Tested initially and after any design or process changes thai mayaffecl 
these parameters. 


7. 
Test conditions 
assume signal transition 
times of 5 os or less, timing 


reference 
levels of 1.5V, OUlput loading of the specified IOL/lolI. and 


loads shown in parts (a) and (b) of AC Test Loads and Waveforms. 


8. 
tHzcEand 
tllWE is tested wilh load shown in part (b)of AClesl 
Loads 
and Waveforms. Transition is measured at steady-state 
I-IIGH 
level 


-500 
mV or steady-stale 
LOW level + 500 mV on the output 
from 


the 1.5V level on Ihe input. 


7C266-3S 
7C266-4S 
7C266-SS 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = - 4.0 mA 
Com'l 
2.4 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 16.0 mA 
Com'l 
0.4 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage!'1 
2.0 
2.0 
V 


V1L 
Input LOW Voltage!'1 
0.8 
0.8 
V 


II)( 
Input Current 
GND..$.. V'N..$..Vee 
-10 
+10 
- 10 
+10 
-10 
+10 
IJ.A 


VeD 
Input Diode Clamp 
Note 4 
Voltage 


loz 
Output Leakage Current 
VOL..$..VOUT..$..VOH, 
- 10 
+10 
-10 
+10 
- 10 
+10 
~A 
Output Disabled 


les 
Output Short 
Vee = Max., VOUT= GND 
-20 
-90 
-20 
-90 
-20 
-90 
mA 
Circuit Current(5) 


Ice 
Power Supply Current 
Vec = Max., V'N = 2.0Y, 
Com'l 
100 
100 
100 
mA 


lOUT= 0 mA 
Mil 
125 
125 


ISB 
Standby Supply Current 
Chip Enable Inactive, 
Com'l 
15 
15 
15 
mA 


CE 2. V'H, lOUT= 0 mA 
Mil 
15 
15 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


AC Test Loads and Waveforms 


R1 
5V31 


OUTPUT 


30pF 
RZ 


INCLUDING I 


JIG AND 
_ 
_ 


SCOPE 
- 
- 
(a) 
k 


10% 


..s.5 
ns 
5 
PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(b) 


Iow'IoL 
-2mN8mA 
-4 mN16 mA 


Rl 
500n 
250n 
(658n 
Mil) 


R2 
333n 
167n 
(403n 
Mil) 


RTH 
200!1 
lOOn 


(250n 
Mil) 


• 


Vcc 


SUPPLY 
_ 


CURRENT 
'\.. .•••• 
.-/ 


NOTE 7 


NOTE 7 


7C266-20 
7C266-25 
7C266-35 
7C266-45 
7C266-55 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tAA 
Address to 
Com'l 
20 
25 
35 
45 
55 
ns 


Output Valid 
Mil 
25 
35 
45 
55 


tHZCE[6,8) 
Chip Enable Inactive 
Com'l 
25 
30 
40 
45 
55 
ns 


to High Z 
Mil 
30 
40 
45 
55 


tHWEl6,8) 
Output Enable Inactive 
Com'l 
12 
15 
20 
20 
20 
ns 


to High Z 
Mil 
15 
20 
20 
20 


tAoE 
Output Enable Active 
Com'l 
12 
15 
20 
20 
20 
ns 


to Output Valid 
Mil 
15 
20 
20 
20 


tAcE 
Chip Enable Active 
Com'l 
25 
30 
40 
45 
55 
ns 


to Output Valid 
Mil 
30 
40 
45 
55 


!aHA 
Data Hold from 
Com'l 
3 
3 
3 
3 
3 
ns 


Address Change 
Mil 
3 
3 
3 
3 


Erasure Characteristics 
Wavelengths of light less than 4000 angstroms begin to erase the 
devices in the windowed package. For this reason, an opaque label 
should be placed over the window ifthe EPROM is exposed to sun- 
light or fluorescent lighting for extended periods of time. 


The recommended 
dose of ultraviolet light for erasure is a wave- 
length of 2537 angstroms for a minimum does CUVintensity x ex- 


posure time) or 25 Wsee/cm2. For an ultraviolet lamp with a 12 
mW/cm2 power rating, the exposure time would be approximately 
45 minutes. The CY7C266 needs to be within 1 inch of the lamp 
during erasure. Permanent 
damage may result if the EPROM 
is 


exposed to high-intensity UV light for an extended period of time. 


7258W x see/cm2 is the recommended 
maximum dosage. 
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ACCESS TIME 
OUTPUT 
SOURCE 
CURRENT 
TYPICAL ACCESS TIME CHANGE 


>'S. TEMPERATURE 
>'S. VOLTAGE 
>'S. OUTPUT 
LOADING 


1.6 
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60 
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w 
.s 
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f= 
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z 
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w 
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Z 
~ 
0.6 
0 
0.0 
-55 
25 
125 
1.0 
2.0 
3.0 
4.0 
0 
200 
400 
600 
600 
1000 


AMBIENT 
TEMPERATURE 
(0G) 
OUTPUT VOLTAGE M 
CAPACITANCE 
(pF) 


OUTPUT 
SINK CURRENT 


>'S. OUTPUT 
VOLTAGE 
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.s150 
f-zli! 125 
a:i3 100 
~z 
75 
iii 
~ 
Cl. 
~o 


1.0 
2.0 
3.0 
4.0 


OUTPUT VOLTAGE M 


Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
Type 
Range 


20 
CY7C266-20PC 
P15 
Commercial 


CY7C266-20WC 
W16 


CY7C266-200C 
016 


25 
CY7C266-25PC 
P15 
Commercial 


CY7C266-25WC 
W16 


CY7C266-250C 
016 


CY7C266-25WMB 
W16 
Military 


CY7C266-250MB 
016 


CY7C266-25LMB 
1.55 


CY7C266-25QMB 
Q55 


35 
CY7C266-35PC 
P15 
Commercial 


CY7C266-35WC 
W16 


":Y7C266-350C 
016 


45 
CY7C266-45PC 
P15 
Commercial 


CY7C266-45WC 
W16 


CY7C266-450C 
016 


CY7C266-45WMB 
W16 
Military 


CY7C266-450MB 
016 


CY7C266-45LMB 
1.55 


CY7C266-45QMB 
Q55 


55 
CY7C266-55PC 
P15 
Commercial 


CY7C266-55WC 
W16 


CY7C266-550C 
016 


CY7C266-55WMB 
W16 
Military 


CY7C266-550MB 
016 


CY7C266-55LMB 
1.55 


CY7C266-55QMB 
Q55 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V'L 
1,2,3 


I,x 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


ISB 
1,2,3 


Parameters 
Subgroups 


tAA 
7, 8, 9, 10, 11 


tAOE 
7, 8, 9, 10, 11 


tACE 
7, 8, 9, 10, 11 


Features 


• 
CMOS for optimum speed/power 


• 
High speed 
- 
IS-ns max set-up 


- 
12-ns clock to output 


• 
Low power 
- 
770 mW (commercial) 


- 96S mW (military) 


• 
On-chip edge-triggered 
registers 


- 
Ideal for pipelined micropro- 
grammed systems 


• 
On-chip diagnostic 
shift register 


- 
For serial observability 
and con- 
trolability 
of the output register 


• 
EPROM technology 
- 
100% programmable 


- 
Reprogrammable 
(7C269W) 


• 
SV ± 10% Vcc, commercial 
and 
military 


• 
Capable of withstanding> 
200lV 


static discharge 
• 
Slim 300-mil, 28-pin plastic or her- 
metic DIP (7C269) 


MODE 


EJj 


(7C269) 
CLOCK 
(7C269) 


PCLK 


(7C~ 


ENA 


(7C~ 
INIT 


(7C268) 


Functional 
Description 


The CY7C268 and the CY7C269 are 64K 
registered diagnostic PROMs. 
They are 
both organized 
as 8,192 words by 8 bits 
wide, and they have both a pipeline output 
register and an onboard 
diagnostic shift 
register. Both devices feature a program- 
mable initialize byte that may be loaded 
into the pipeline register with the initialize 
signal. The programmable initialize byte is 
the 8,193rd byte in the PROM, and may be 
program med to any desired value. 
The CY7C268 has 32 pins and features full 
diagnostic capabilities while the CY7C269 
provides limited diagnostics and is avail- 
able in a space-efficient 
28-pin package. 
This allows the designers to optimize de- 
signs for either board-area efficiency with 
the CY7C269, or combine the CY7C268 
with other diagnostic products using the 
standard interfaoe. 


CY7C268 
The CY7C268 provides 13 address signals 
(Ao through ~8 
data out signals (00 
through 07), ENA (enable), PCLK (pipe- 
line clock) and INIT (initialize) for control. 


SDI 


OCLK 
(7C268) 
so0 


CY7C268 
CY7C269 


64K Registered 
Diagnostic PROM 


The full standard 
feature diagnostics of 


the CY7C268 utilize the SOl and SDO 
(shift in and shift out1 MODE, and DCLI< 
signals. These signals allow serial data to be 
shifted into and out of the diagnostICshIft 
register at the same time the pipeline regis- 
ter 
is used 
for normal 
operation. 
The 


MODE signal isused to control the transfer 
of the information in the diagnostic register 
to the pipeline register, or the data on the 
output bus into the diagnostic register. The 
data on the output bus may be provided 
from the pipeline register or from an exter- 
nal source. 


When 
the MODE 
signal is LOW, the 


PROM 
operates 
in a normal 
pipeline 


mode. 
The 
contents 
of the 
addressed 


memory location are loaded into the pipe- 
line register on the rising edge of PCLK. 
the outputs are enabled with the ENA sig- 
nal either synchronously or asynChronous- 
ly, depending on how the dcvice is confi- 
gured when programmed ..!!:.Q!:.ogrammed 
for asynchronous enable, ENA LOW en- 
ables the outputs. 
If configured 
for syn- 


chronous enable, ENA LOW will enable 
the 
outputs 
synchronously 
with PCLK 


during the rising edge of PCLK. ENA 


Pin Configurations 
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Functional 
Description 
(continued) 
HIGH will synchronously 
disable the outputs during the rising 


edge of PCLK. The asynchronous initialize signal, INIT, transfers 
the initialize byte into the pipeline register on a HIGH to LOW 
transition. !NIT LOW disables PCLK and must transition back to 
a HIGH in order to enable PCLK. DCLK shifts data into SDI and 
out of SDO on each rising edge. 


When MODE is HIGH, the rising edge of the PCLK signal loads 
the pipeline register with the contents of the diagnostic register. 
Similarly, DCLK, in this mode, loads the diagnostic register with 
the information on the data output pins. The information loaded 
will be either the contents of the pipeline register if the outs are 
enabled, or data on the bus if the outputs are disabled (in a high- 
impedance state). 


CY1C269 
The CY1C269 is optimized for applications that require diagnos- 
tics in a minimum amount of board area. Packaged in 28 pins, it 
has 13 address signals (Ao through Al2), 8 data out signals (00 
through 07), E/I (Enable or Initialize), and CLOCK (pipeline and 
diagnostic clock). Additional diagnostic signals consist of MODE, 
SDI (shift in) and SDO (shift out). Normal pipelined operation and 
diagnostic operation 
are mutually exclusive. 
When the MODE signal is LOW, the 1C269 operates in a normal 
pipelined mode. CLOCK functions as a pipeline clock, loading the 
contents of the addressed memory location into the pipeline regis- 
ter on each rising edge. The data will appear on the outputs if they 
are enabled. One pin on the 1C269 is programm..Ec:!to perform ei- 
ther the Enable or the Initialize function. If the E/I pin is used for 


a INIT (asynchronous initialize) function, the outputs are perma- 
nently enabled and the initialize word is loaded into the pipeline 
register on a HIGH to LOW transition of the IN IT signal. The 
!NIT LOW disables CLOCK and must return high to re-enable 
CLOCK. If the E/I pin is used for an enable signal, it may be pro- 
grammed for either synchronous or asynchronous operation. This 
enable function then operates exactly the same as the 1C268. 


When the MODE~ignal is HIGH, the 7C269 operates in the diag- 
nostic mode. The E/I signal becomes a secondary mode signal des- 
ignating whether to shift the diagnostic shift register .Qr.to load ei- 
ther the diagnostic register or the pipeline register. If E/I is HIGH, 
CLOCK performs the function of DCLK, shifting SDI into the 
least-significant location of the diagnostic register and all bits one 
location toward the most-significant location on each rising edge. 
The contents of the most-significant location in the diagnostic reg- 
ister are available on the SDO pin. 


If the E/I signal is LOW, SDI becomes a direction signal, transfer- 
ring the contents of the diagnostic register into the pipeline regis- 
ter when SDI is LOW: When SDI is HIGH, the contents of the 
output pins are transferred into the diagnostic register. Both trans- 
fers occur on a LOW to HIGH transition of the CLOCK. If the 
outputs are enabled, the contents of the pipeline register are trans- 
ferred into the diagnostic register. If the outputs are disabled, an 
external source of data may be loaded into the diagnostic register. 
In this condition, the SDO signal is internally driven to be the same 
as the SDI signal, thus propagating the "direction of transfer infor- 
mation" to the next device in the string. 


1C269-15 
1C269-18 
1C269-25 


Maximum Set-Up Time (ns) 
15 
18 
25 


Maximum Clock to Output (ns) 
12 
15 
20 


Maximum Operating Current (mA) 
I 
Commercial 
140 
140 


I 
Military 
175 
175 


1C268-40 
1C268-50 
1C268-60 


1C269-40 
1C269-50 
1C269-60 


Maximum Set-Up Time (ns) 
40 
50 
60 


Maximum Clock to Output (ns) 
20 
25 
25 


Maximum Operating Current (mA) 
I 
Commercial 
100 
80 
80 


I 
Military 
120 
100 


Maximum 
Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature· 
- 65°C to + 150°C 
Static Discharge Voltage 
. 


Ambient Temperature 
with 
(per MII.rSTD-883, Method 3015) 
Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 1.0V 
DC Program Voltage 
l3.0V 


UV Exposure 
7258 Wsec/cm' 


Ambient 
Range 
Temperature 
Vcc 
Commercial 
O°C to + 10°C 
5V ± 10% 


Military"] 
- 55°C to + 125°C 
5V ± 10% 


CY7C268 
CY7C269 


7C269·15 
7C269·18 
7C269·25 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min.,IoH = - 20 mA 
Com'l 
2.4 
2.4 
2.4 
V 


Mil 
2.4 
2.4 
2.4 


VOL 
Output LOW Voltage 
Vcc = Min., IOL = 8.0 mA 
Com'l 
0.4 
0.4 
0.4 
V 


Vcc = Min.,IoL = 6.0 mA 
Mil 
0.4 
0.4 
0.4 


VIH 
Input HIGH Voltage 
Com'l 
2.0 
2.0 
2.0 
V 


Mil 
2.0 
2.0 
2.0 


V'L 
Input LOW Voltage 
Com'l 
0.8 
0.8 
0.8 
V 


Mil 
0.8 
0.8 
0.8 


IIX 
Input Load Current 
GND~ 
V'N~ 
Vcc 
Com'l 
-10 
+ 10 
-10 
+10 
-10 
+10 
IlA 


Mil 
- 10 
+10 
-10 
+10 
-10 
+10 


Ioz 
Output Leakage Current 
GND ~ 
VOUT~ 
Vcc, 
Com'l 
-40 
+40 
-40 
+40 
-40 
+40 
IlA 


Output Disabled 
Mil 
-40 
+40 
-40 
+40 
-40 
+40 


Ios 
Output Short 
Vcc = Max., VOUT= GND 
Com'l 
90 
90 
90 
mA 
Circuit Current 
Mil 
90 
90 
90 


Icc 
Vcc Operating 
Vcc = Max., lOUT= 0 mA 
Com'l 
140 
140 
mA 


Supply Current 
Mil 
175 
175 


7C268·40 
7C268·50 
7C268·60 
7C269·40 
7C269·50 
7C269·60 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min.,IoH = - 20mA 
Com'l 
2.4 
2.4 
2.4 
V 


Mil 
2.4 
2.4 
2.4 


VOL 
Output LOW Voltage 
Vcc = Min., IOL= 12.0 mA 
Com'l 
0.4 
0.4 
0.4 
V 


Vcc = Min., IOL = 8.0 mA 
Mil 
0.4 
0.4 
0.4 


VIH 
Input HIGH Voltage 
Com'l 
2.0 
2.0 
2.0 
V 


Mil 
2.0 
2.0 
2.0 


V'L 
Input LOW Voltage 
Com'l 
0.8 
0.8 
0.8 
V 


Mil 
0.8 
0.8 
0.8 


Ilx 
Input Load Current 
GND ~ 
V1N~ 
Vcc 
Com'l 
-10 
+10 
- 10 
+10 
- 10 
+10 
IlA 


Mil 
-10 
+10 
-10 
+10 
-10 
+10 


Ioz 
Output Leakage Current 
GND ~ 
VOUT~ Vcc, 
Com'l 
-40 
+40 
-40 
+40 
-40 
+40 
IlA 


Output Disabled 
Mil 
-40 
+40 
-40 
+40 
-40 
+40 


Ios 
Output Short 
Vcc = Max., VOUT= GND 
Com'l 
90 
90 
90 
mA 


Circuit Current 
Mil 
90 
90 
90 


Icc 
Vcc Operating 
Vcc = Max., lOUT= 0 mA 
Com'l 
100 
80 
80 
mA 


Supply Current 
Mil 
120 
100 


• 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA=25°C,f= 
I MHz, 
10 
pF 


COUT 
Output Capacitance 
Vcc = 5.0V 
10 
pF 


Notes: 
3. Testedinitiallyand after anydesignor processchangesthat mayaffect 


these parameters. 


5V 


OUTPUT 


5v 


OUTPUT 


INCLUDINca I 
JIG AND 


SCOPE 
-.::"' 


5 
PFI 
INCLUDING 


JIG AND 
_ 


SCOPE 
- 
(b) 


IoH/loL 
-2mN6mA 
-2 mNI2 mA 


Rl 
500fl (658fl Mil) 
338 (500 Mil) 


R2 
333fl (403fl Mil) 
248 (333 Mil) 


RTH 
200fl (250fl Mil) 
143 (200 Mil) 


CL 
30 pF 
50 pF 


VTH 
I Com'l 
2.0V 
2.11 


I Mil 
I.9V 
2.0 


7C269-15 
7C269-18 
7C269-25 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tAS 
Address Set-Up to Clock 
15 
18 
25 
ns 


tRA 
Address Hold from Clock 
0 
0 
0 
ns 


teo 
Clock to Output Valid 
12 
15 
20 
ns 


tpw 
Clock Pulse Width 
12 
15 
20 
ns 


tSES 
Es Set-Up to Clock (Sync Enable Only) 
12 
15 
20 
ns 


tHES 
Es Hold from Clock 
5 
7 
10 
ns 


tm 
INIT to Out Valid 
15 
18 
25 
ns 


tR1 
INIT Recovery to Clock 
12 
15 
20 
ns 


tpwi 
INIT Pulse Width 
12 
18 
25 
ns 


teos 
Output Valid from Clock (Sync. Mode) 
12 
15 
20 
ns 


tHZS 
Output Inactive from Clock (Sync. Mode) 
12 
15 
20 
ns 


tDOE 
Output Valid from E LOW (Asynch. Mode) 
12 
15 
20 
ns 


tHZE 
Output Inactive from E HIGH (Async. Mode) 
12 
15 
20 
ns 


CY7C268 
CY7C269 


7C268-40 
7C268-50 
7C268-60 


7C269-40 
7C269-50 
7C269-60 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tAs 
Address Set-Up to Clock 
40 
50 
60 
ns 


tHA 
Address Hold from Clock 
0 
0 
0 
ns 


\co 
Clock to Output Valid 
20 
25 
25 
ns 


tpw 
Clock Pulse Width 
15 
20 
20 
ns 


tSES 
Es Set-Up to Clock (Sync Enable Only) 
15 
15 
15 
ns 


tHES 
Es Hold from Clock 
5 
5 
5 
ns 


to. 
INIT to Output Valid 
25 
35 
35 
ns 


tRl 
INIT Recovery to Clock 
20 
25 
25 
ns 


tpwi 
INIT Pulse Width 
25 
35 
35 
ns 


\cDS 
Output Valid from Clock (Sync. Mode) 
20 
25 
25 
ns 


tHZS 
Output Inactive from Clock (Sync. Mode) 
20 
25 
25 
ns 


tOOE 
Output Valid from E WW (Asynch. Mode) 
20 
25 
25 
ns 


tHZE 
Output Inactive from E HIGH (Async. Mode) 
20 
25 
25 
ns 


7C268-40,50,60 
7C269-15 
7C269-18 
7C269-25 
7C269-40,50,60 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tSSDl 
Set-Up SOl to Clock 
Com'l 
20 
25 
30 
ns 


Mil 
25 
30 
35 


tHSDI 
SOl Hold from Clock 
Com'l 
0 
0 
0 
ns 


Mil 
0 
0 
0 


tosoo 
SDO Delay from Clock 
Com'l 
20 
25 
30 
ns 


Mil 
25 
30 
40 


tOCL 
Minimum Clock LOW 
Com'l 
20 
25 
25 
ns 


Mil 
25 
30 
25 


tOCH 
Minimum Clock HIGH 
Com'l 
20 
25 
25 
ns 


Mil 
25 
30 
25 


tSM 
Set-Up to Mode Change 
Com'l 
20 
25 
25 
ns 


Mil 
25 
30 
30 


tHM 
Hold from Mode Change (7C269) 
Com'l 
0 
0 
0 
ns 


Mil 
0 
0 
0 


tMs 
Mode toSDO 
Com'l 
20 
25 
25 
ns 


Mil 
25 
30 
30 


tss 
SOl toSDO 
Com'l 
30 
35 
40 
ns 


Mil 
35 
40 
45 


tso 
Data Set-Up to DCLK 
Com'l 
20 
25 
25 
ns 


Mil 
25 
30 
30 


tHO 
Data Hold from DCLK 
Com'l 
10 
13 
10 
ns 


Mil 
13 
18 
15 


• 


CY7C268 
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Switching Waveforms 


Pipeline Operation (Mode = 0) 


SYNCHRONOUS 
ENABLE 
PROGRAMMABLE 


Notes on Testing: 
Incoming 
test procedures 
on these devices should be carefully planned, 
taking into account the high performance and output drive capabilities of 
the parts. The following notes may be useful. 
A. 
Ensure that adequate 
decoupling 
capacitance 
is employed across the 


device 
Vcc 
and 
ground 
terminals. 
Multiple 
capacitors 
are 
recom- 


mended, 
including 
a O.l-~F 
or larger capacitor 
and a O.Ol-~F 
or 


smaller capactor 
placed as close to the device terminals as possible. 


Inadequate 
decoupling 
may result in large variations of power supply 


voltage, 
creating 
erroneous 
function 
or transient 
performance 
fail- 


ures. 


B. 
Do not leave any inputs disconnected 
(floating) during any tests. 


C. 
Do not attempt 
to perform 
threshold 
tests under AC conditions. 
Lar~ 


ge-amplitude, 
fast ground-current 
transients normally 
occur as the de- 


vice outputs discharge the load capacitances. These transients, flowing 
through 
the parasitic 
inductance 
between 
the device ground 
pin and 


the test systemground, can create significant reduclions 
in observable 


input noise immunity. 


D. 
Output 
levels are measured 
at l.SV reference 
levels. 


E. 
Transition is measured at steady-state 
HIGH level- 
500 mVorsleady- 
state LOW level + 500 mV on the output 
from the l.SV level on in- 


puts with load as shown in (b) of AC Test Loads and Waveforms. 


Switching Waveforms (continued) 


Diagnostic Application 
for the 7C269 (Shifting the Shadow Register) 
• 


~tw 
~o*- 


DATA OUT 
DATA IN 


Notes: 
4. 
Asynchronous 
enable mode only. 


S. 
The mode transition 
to HIGH 
latches the asynchronous 
enable state. 


If the enable state is changed and held before leaving the diagnostic 
mode (mode H __ 
L) then the output impedance change delay is tMS. 


CY7C268 
CY7C269 


Programmer 
Address (Hex.) 
RAM Data 


Decimal 
Hex 
Contents 


0 
0 
Data 


8191 
IFFF 
Data 
8192 
2000 
Init Byte 
8193 
2001 
Control Byte 


Control Byte 


()() Asynchronous 
output enable (default condition) 


01 Synchronous output enable 
02 Asynchronous 
initialize (CY7C269 only) 


NORMALIZED 
SUPPLY CURRENT 
¥s. SUPPLY VOLTAGE 
1.6 


111.4 
o 
~ 
1.2 
::;« 
~ 
1.0 
oz 


TA = 25°C 
f = MAX. 


4.5 
5.0 
5.5 
6.0 


SUPPLY VOLTAGE M 


w 
::E 
~ 
1.4 


Cf) 
w 
[3«ow 
N::;« 
::Ea:oz 
0.6 
-55 
25 
125 


AMBIENT TEMPERATURE (0G) 


NORMALIZED 
SUPPLY CURRENT 


¥s. AMBIENT 
TEMPERATURE 
1.2 


II 1.1 
o 
w 
N::; 
1.0 
« 
::Ea:oz 
0.9 


0.8 


-55 
25 
125 


AMBIENT TEMPERATURE (0G) 


OUTPUT 
SINK CURRENT 


¥s. OUTPUT 
VOLTAGE 


;;{ 175 
E-150 
f-zli! 125 
a: 
G 100 
~z 
75 
en 
~ 
50 


"-~ 
25 
o 


./ ...- 
/ 
/ 
Vcc = 5.0V 
/ 
TA = 25°C 


OUTPUT 
SOURCE 
CURRENT 


¥s. OUTPUT 
VOLTAGE 
;;{ 60 
E- 
f- 
Z 
Wa:a:::JU 


1.0 
2.0 
3.0 


OUTPUT VOLTAGE (V) 


TYPICAL ACCESS TIME CHANGE 
¥s. OUTPUT 
LOADING 


30.0 


~ 
20.0 


.? 15.0 
« 
~ 
10.0 
o 


Vcc = 4.5V 
TA = 25°C 


200 
400 
600 
800 
1000 


CAPACITANCE (pF) 


CY7C268 
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Speed 
lee 
Package 
Operating 


(n5) 
(mA) 
Ordering Code 
Type 
Range 


40 
100 
CY7C268-400C 
020 
Commercial 


CY7C268-4OWC 
W20 


50 
80 
CY7C268-500C 
020 
Commercial 


CY7C268-50WC 
W20 


120 
CY7C268-500MB 
020 
Military 


CY7C268-50WMB 
W20 


CY7C268-50LMB 
1.55 


CY7C268-5OQMB 
055 


60 
80 
CY7C268-600C 
020 
Commercial 


CY7C268-6OWC 
W20 


100 
CY7C268-600MB 
020 
Military 


CY7C268-60WMB 
W20 


CY7C268-6OLMB 
1.55 


CY7C268-6OQMB 
055 


Speed 
lee 
Package 
Operating 


(n5) 
(mA) 
Ordering Code 
Type 
Range 


15 
140 
CY7C269-150C 
022 
Commercial 


CY7C269-15LC 
L64 


CY7C269-150C 
064 


CY7C269-15PC 
P21 


CY7C269-15WC 
W22 


18 
140 
CY7C269-180C 
022 
Commercial 


CY7C269-18LC 
L64 


CY7C269-180C 
064 


CY7C269-18PC 
P21 


CY7C269-18WC 
W22 


175 
CY7C269-180 MB 
022 
Military 


CY7C269-18WMB 
W22 


CY7C269-18LMB 
L64 


CY7C269-180MD 
064 


25 
175 
CY7C269-250MB 
022 
Military 


CY7C269-25WMB 
W22 


CY7C269-25LMB 
L64 


CY7C269-250MB 
064 


40 
100 
CY7C269-400C 
022 
Commercial 


CY7C269-4OPC 
P21 


CY7C269-4OWC 
W22 


50 
80 
CY7C269-500C 
022 
Commercial 


CY7C269-50PC 
P21 


CY7C269-50WC 
W22 


120 
CY7C269-500MD 
022 
Military 


CY7C269-50WMB 
W22 


CY7C269-50LMB 
L64 


CY7C269-5OQMB 
064 


60 
80 
CY7C269-600C 
022 
Commercial 


CY7C269-60PC 
P21 


CY7C269-6OWC 
W22 


100 
CY7C269-600MB 
022 
Military 


C7C269Y -6OWMB 
W22 


CY7C269-6OLMB 
L64 


CY7C269-6OQMB 
064 


• 


CY7C268 
CY7C269 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


V'H 
1,2,3 


V'L 
1,2,3 


I,x 
1,2,3 


Ioz 
1,2,3 


Ice 
1,2,3 


ISll 
1,2,3 


Parameters 
Subgroups 


IAS 
7, 8, 9, 10, 11 


IHA 
7, 8, 9, 10, 11 


lea 
7, 8, 9, 10, 11 


tpw 
7, 8, 9, 10, 11 


ISES 
7, 8, 9, 10, 11 


tHES 
7, 8, 9, 10, 11 


teas 
7, 8, 9, 10, 11 


Parameters 
Subgroups 


tSSDI 
7, 8, 9, 10, 11 


tHsDJ 
7, 8, 9, 10, 11 


tosDO 
7, 8, 9, 10, 11 


tOCL 
7, 8, 9, 10, 11 


lOCH 
7, 8, 9, 10, 11 


IHMI6J 
7, 8, 9, 10, 11 


IMS 
7, 8, 9, 10, 11 


Iss 
7, 8, 9, 10, 11 


Notes: 
6. 
7C269 only. 
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Features 
• 
CMOS 
for optimum 


speed/power 


• 
Windowed 
for reprogrammability 


• 
High speed 
- 
35 ns (commercial) 


- 
45 ns (military) 


• 
Low power 
- 
660 mW (commercial) 


- 
715 mW (military) 


• 
Super 
low standby 
power 
- 
Less than 165 mW when 
deselected 


• 
EPROM 
technology 


100% programmable 


• 
5V ± 10% Vcc, 
commercial 


and military 


• 
ITL 
compatible 
I/O 


• 
Slim 300 mil package 
(7C27l) 


• 
Direct 
replacement 
for 
bipolar 
PROMs 


CY7C271 
CY7C274 


• 
Capable 
of withstanding 


> 2001 V static 
discharge 


Product Characteristics 


The CY7C271 and CY7C274 are high 
performance 
32,768 word by 8 bit 
CMOS PROMS. 
When disabled (CE 
HIGH), 
the 7C27 1/274 automatically 


powers down into a low power standby 
mode. The CY7C27 I is packaged in 
the 300 mil slim package. The 
CY7C274 is packaged in the industry 
standard 
600 mil package. Both the 


7C271 and 7C274 are available in a 
CERDIP 
package equipped with an 


erasure window to provide for repro- 
grammability. 
When exposed to UV 
light, the PROM 
is erased and can be 
reprogrammed. 
The memory cells uti- 
lize proven EPROM 
floating gate tech- 
nology and byte-wide intelligent 
pro- 
gramming 
algorithms. 


The CY7C27 I and CY7C274 offer the 
advantage 
of lower power, superior 


32,768 X 8 PROM 
Power Switched and 


Reprogrammable 


performance 
and programming 
yield. 


The EPROM 
cell requires only 12.5V 


for the supervoltage 
and low current 


requirements 
allow for gang program- 


ming. The EPROM 
cells allow for each 
• 
memory location to be 100% tested, 
with each location being written into, 
erased and repeatedly 
exercised prior 


to encapsulation. 
Each PROM 
is also 


tested for AC performance 
to guaran- 
tee that after customer 
programming 


the product 
will meet DC and AC 
specification 
limits. 


Reading the 7C271 is accomplished 
by 


placing active LOW signals on CSI and 
CE, and an active HIGH 
on CSz. 


Reading the 7C274 is accomplished 
by 


~cing 
active LOW signals on OE and 


CEo The contents of the memory loca- 
tion addressed 
by the address lines 


(Ao-AI4) 
will become available on the 


output 
lines (00-07). 


Pin Configurations 


CY7C271 


, , 2;':323130 
, , 2:,:323130 
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23 
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22 
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22 
0, 


°0 " 
" 
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" 
0, 
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14151617181920 


o 


28 
Vec 


27 
",0 
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24 
All 


23 
"a 


22 
CS1 


21 
CSz 
cr 


19 
07 


18 
0, 


17 
0!i 


16 
O. 


15 
03 


7C271-35 
7C271-45 
7C271-55 


7C274-35 
7C274-45 
7C274-55 


Maximum Access Time (ns) 
35 
45 
55 


Maximum Operating 
Commercial 
120 
120 
120 
Current (mA) 
Military 
130 
130 


Standby Current (mA) 
Commercial 
30 
30 
30 


Military 
40 
40 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65°C 
to + 150°C 
Static Discharge 
Voltage 
>2001V 
Ambient Temperature 
with 
(per MIL-STD-883, 
Method 
3015) 
Power Applied 
- 55°C to + 125°C 
Latchup 
Current 
> 200 mA 


Supply Voltage to Ground 
Potential 
-0.5V 
to + 7.0V 
UV Exposure 
7258 Wsec/cm2 


DC Voltage Applied to Outputs 
Operating 
Range 


in High Z State 
-0.5V 
to + 7.0V 


DC Input VC",age 
- 3.0V to + 7.0V 


DC Program 
Voltage 
13.0V 


Range 
Ambient 
Vee 
Temperature 


Commercial 
O°Cto + 70°C 
5V ± 10% 


Military 14] 
- 55°C to + 12SOC 
5V ± 10% 


7C271-35, 45, 55 
Parameters 
Description 
Test Conditions 
7C274-35, 45, 55 
Units 


Min. 
Max. 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = - 2.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA' 
0.4 
V 


VIH 
Input HIGH Levelll] 
2.0 
Vee 
V 


VIL 
Input LOW Level[l] 
0.8 
V 


IIX 
Input Current 
GND ,,; VIN ,,; Vee 
~1O 
+10 
p.A 


VeD 
Input Diode Clamp 
Note 2 
Voltage 


loz 
Output Leakage 
VOL"; VOUT ,,; VOH, 
-40 
+40 
p.A 
Current 
Output Disabled 


los 
Output Short 
Vee = Max., VOUT = GND 
-20 
~90 
mA 
Circuit Currentl3] 


Ice 
Power Supply 
Vec = Max., VIN = 2.0V 
Commercial 
120 
mA 
Current 
lOUT = OmA 
Military 
130 
mA 


ISB 
Standby Supply 
Vec = Max., CS ~ VIH 
Commercial 
30 
mA 


Current 
lOUT = OmA 
Military 
40 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CtN 
Input Capacitance 
TA = 25°C, f = I MHz 
10 
pF 
COUT 
Output Capacitance 
Vce = 5.0V 
10 


Notes: 
1. These 
are absolute 
voltages 
with 
respect 
to device 
ground 
pin and 


include all overshoots due to system and/or 
tester noise. Do not at- 


tempt 
to test these 
values 
without 
suitable 
equipment. 


2. The 
CMOS 
process 
does 
not provide 
a clamp 
diode. 
However, 
the 


CY7C271 and CY7C274 are insensitive to - 3V de input levels and 
- SV undershoot 
pulses 
of less than 
10 os (measured 
at 50% 
point). 


3. For 
test purposes, 
not more 
than 
one output 
at a time 
should 
be 
shorted. 
Short 
circuit 
test duration 
should 
not exceed 
30 seconds. 


4. TA is the "instant 
on" 
case temperature. 


5. See the last page of this specification 
for Group 
A subgroup 
testing 


information. 


6. Tested 
initially 
and after 
any design 
or process 
changes 
that 
may 


affect 
these 
parameters. 


~ 
CY7C271 
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Switching Characteristics Over the Operating 
RangelS. 7] 


7C271-35 
7C271·45 
7C271-55 
Parameters 
Description 
7C274-35 
7C274-45 
7C274-S5 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


tAA 
Address to Output Valid 
35 
45 
55 
ns 


tHZCS 
Chip Select Inactive to High Z[S) (CSt and CS2-7C271 Only) 
25 
30 
30 
ns 


tACS 
Chip Select Active to Output Valid (CSI and CS2-7C271 Only) 
25 
30 
30 
ns 


tHZOE 
Output Enable Inactive to High Z[S] (OE- 7C274 Only) 
25 
25 
30 
ns 


tOE 
Output Enable Active to Output Valid (OE- 7C274 Only) 
25 
25 
30 
ns 


tHZCE 
Chip Enable Inactive to High Z[S] (CE Only) 
40 
50 
60 
ns 


tACE 
Chip Enable Active to Output Valid (CE Only) 
40 
50 
60 
ns 


tpu 
Chip Enable Active to Power Up 
0 
0 
0 
ns 


tPD 
Chip Enable Inactive to Power Down 
40 
50 
60 
ns 


tOH 
Output Hold from Address Change 
0 
0 
0 
ns 


Rl 


500n 
5V;Fi(65sn 
~IL) 


OUTPUT 


30 pF 
~;3!l 


INCLUDING I 
(403n 
~IL) 


JIG AND 


SCOPE -= 


Rl 


5DDn 
5Vj?i(65sn 
~IL) 


OUTPUT 


5 pr 
~~3n 


INCLUDING I 
(403n 
~IL) 


JIG AND 


SCOPE -= 


3.0Y~0% 
90% 


GNO 
10% 
10% 


~5ns- 
- 
~5ns 


Figure la 
Figure Ib 


Equivalentto: 
THE-YENINEQUIVALENT 


200n 


OUTPUT C>---'I/II\r-O 
2.00Y 
COMMERCIAL 


250n 


OUTPUT C>---'I/II\r-O 
, .90Y 
MILITARY 


Ycc 
SUPPLY 


CURRENT 
Ao-Au 


AOORESS 


CSz 


(9) OE, CE, CS, 
(IHZOE) 
-'HZCS(E)- 


OATA YALIO 


(IOE) 


'ACS(E) 


HIGH Z 
NOTE 8 


NOTE 8 


Notes: 


7. Test conditions 
assume 
signal 
transition 
times of 5 os or less. timing 
reference 
levels of 1.5V, output 
loading 
of the specified 
Ioi./IOH 
and 
loads shown 
in Figurela. lb. 


8. tHZCS(E) and tHZOE are tested with the load shown in Figure lb. 


Transition 
is measured 
at steady 
state High 
level 
- 500 mY or steady 


state Low level + 500 mV on the output 
from the 1.5 level on the 


input. 


9. CS2andCSIare usedon the 7C271only.OE isusedon the 7C274 
only. 


Erasure Characteristics 


Wavelengths 
of light less than 4000 Angstroms 
begin to 
erase the 7C271 and 7C274 in the windowed 
package. For 


this reason, an opaque label should be placed over the win- 
dow if the PROM 
is exposed to sunlight or fluorescent 


lighting for extended periods of time. 


The recommended 
dose of ultraviolet 
light for erasure is a 
wavelength 
of 2537 Angstroms 
for a minimum 
dose (UV 


intensity 
X exposure time) or 25 Wsec/cm2. 
For an ultra- 
violet lamp with a 12 mW /cm2 power rating the exposure 
time would be approximately 
45 minutes. The 7C271 and 
7C274 need to be within I inch of the lamp during erasure. 
Permanent 
damage may result if the PROM 
is exposed to 


high intensity UV light for an extended period of time. 
7258W X sec/cm2 
is the recommended 
maximum 
dosage. 


• 
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TA= 25°C 
f=MAX. 


5.5 


1.6 


w 
::> 
1.4 
"'"~ 
u 
1.2 
u..• 
8 
1.0 
N:;...~ 
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I 


TYPICAL ACCESS 
TIME CHANGE 
vs. OUTPUT 
LOADING 
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~ 
20.0 
J 
8o 
10.0 


TA= 25°C 
VCC = 4.5V 


200 
400 
600 
BOO 
1000 
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Part 
Vpp 
PGM 
VFY 


7C271 
VIL 
VIH 
VIL 


7C274 
VIL 
VIL 
VIL 


Reading PROMs 


Below are timing diagrams 
for the final read of the PROMs. 
Use I J1.stiming for pulse widths and overlaps . 


V1H 
----- 
------- 
------------~----------- 


VIL 
~o.-:.A_,~ 
X 
X 


tAS 


Vpp 
----------- 


VIL 
v~~ 
~ 
---j t 
DS 


V1H 
---------------------- 


I/o 
V1L ---------------------- 


V1H 
----- 


V 


1l 


V!'!.. 
_ 


V1H 
----- 


VIL 
- - !9~--------------------- 


Speed 
Ordering 
Package 
Operating 


(ns) 
Code 
Type 
Range 


35 
CY7C271-35PC 
P21 
Commercial 


CY7C271-35WC 
W22 


45 
CY7C271-45PC 
P21 
Commercial 


CY7C271-45WC 
W22 


CY7C27 I-450MB 
022 
Military 


CY7C271-45WMB 
W22 


CY7C271-45LMB 
L55 


CY7C271-45QMB 
Q55 


55 
CY7C271-55PC 
P21 
Commercial 


CY7C271-55WC 
W22 


CY7C271-550MB 
022 
Military 


CY7C271-55WMB 
W22 


CY7C271-55LMB 
L55 


CY7C271-55QMB 
Q55 


Speed 
Ordering 
Package 
Operating 


(ns) 
Code 
Type 
Range 


35 
CY7C274-35PC 
PI5 
Commercial 


CY7C274-35WC 
WI6 


45 
CY7C274-45PC 
PI5 
Commercial 


CY7C274-45WC 
WI6 


CY7C274-450MB 
016 
Military 


CY7C274-45WMB 
Wl6 


CY7C274-45LMB 
L55 


CY7C274-45QMB 
Q55 


55 
CY7C274-55PC 
PI5 
Commercial 


CY7C274-55WC 
WI6 


CY7C274-550MB 
016 
Military 


CY7C274-55WMB 
WI6 


CY7C274-55LMB 
L55 


CY7C274-55QMB 
Q55 


• 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IIX 
1,2,3 


Ioz 
1,2,3 


IcC 
1,2,3 


IS8 
1,2,3 


Parameters 
Subgroups 


IAA 
7,8,9,10,11 


IACS[I) 
7,8,9,10,11 


IOE(2) 
7,8,9,10,11 


lACE 
7,8,9,10,11 


Notes: 
1. 7C271 only. 
2. 7C274 only. 
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CY7C277 
CY7C279 


Reprogrammable 
32,768 x 8 


Registered PROM 


Features 


• 
Windowed 
for reprogrammability 


• 
CMOS 
for optimum 


speed/power 


• 
High speed 
- 
30 ns max set-up 
- 
15 ns clock to output 


• 
Low power 
- 
660 mW (commercial) 
- 
715 mW (military) 


• 
Programmable 
address 
latch 


enable input 


• 
Programmable 
synchronous 
or 
asynchronous 
output 
enable 
(7C277) 


• 
On-chip 
edge-triggered 
output 
registers 
(7C277) 


• 
Optional 
registered/latched 
address 
inputs (7C279) 


• 
EPROM 
technology, 
100% 


programmable 


"IT 
,""- 
TRIGG(IlEO 
Il(ClSTEIi 
(1C277 
OtllY) 
,~ 
BIT 
AODRESS 
REGIStER/LATCH 


(1e279) 


• 
Slim 300 mil, 28-pin plastic 
or 


hermetic 
DIP 


• 
5V ± 10% VCC, commercial 
and 


military 


• 
'ITL 
compatible 
I/O 


• 
Direct 
replacement 
for bipolar 


PROMs 


• 
Capable 
of withstanding 
greater 


than 2000V static 
discharge 


Pin Configurations 
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7C279-35 
7C277·30 
7C279-45 
7C277-40 
7C279-55 
7C277-50 


Maximum Access Time (ns) 
35 
45 
55 


Maximum Setup Time (ns) 
30 
40 
50 


Maximum Clock to Output (ns) 
15 
20 
25 


Maximum Operating 
Commercial 
120 
120 
120 
120 
120 
120 


Current (mA) 
Military 
130 
130 
130 
130 


Maximum Standby 
Commercial 
30 
30 
30 


Current (mA) 
Military 
40 
40 
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Product Characteristics 


The CY7C277 and CY7C279 are high performance 
32,768 
word by 8 bit CMOS PROMs. 
When deselected, 
the 7C279 


automatically 
powers down into a low power standby 
mode. The 7C277 and the 7C279 both are packaged in the 
slim 28 pin 300 mil package. The ceramic package may be 
equipped 
with an erasure window; when exposed to UV 
light, the PROM 
is erased and can then be reprogrammed. 
The memory cells utilize proven EPROM 
floating gate 


technology 
and byte-wide algorithms. 


The CY7C277 and CY7C279 offer the advantages 
of lower 


power, reprogrammability, 
superior performance 
and high 


programming 
yield. The EPROM 
cell requires only 12.5V 


for the supervoltage 
and low current 
requirements 
allow 


for gang programming. 
The EPROM 
cells allow for each 


memory location to be 100% tested, as each location is 
written into, erased, and repeatedly 
exercised prior to en- 


capsulation. 
Each PROM 
is also tested for AC perform- 


ance to guarantee 
that after customer 
programming 
the 
project will meet DC and AC specification 
limits. 


On the 7C277, the outputs are pipelined through 
a master- 


slave register. On the rising edge of CP, data is loaded into 
the 8 bit edge triggered output 
register. The lYEs provides 
a programmable 
bit to select between asynchronous 
and 


synchronous 
operation. 
The default condition 
is 


asynchronous. 
When the asynchronous 
mode is selected, 


the E/Es pin is sampled continuously 
and operates as an 
output enable. If the synchronous 
mode is selected, then 


the E/Es pin is sampled only when CP is HIGH. 
Enabling 


the outputs 
in this mode is accomplished 
by bringing the Es 


pin LOW and pulsing CP HIGH 
to latch the output enable 
state. The 7C277 also provides a programmable 
bit to en- 
able the ADDRESS 
LATCH 
ENABLE 
(ALE) pin. If this 


bit is not programmed, 
then the device will ignore the ALE 


pin. If the ALE function is selected, the user may define 
the polarity of the ALE signal with the default being 
ACTIVE 
HIGH. 


On the 7C279, address registers are provided to easily in- 
terface with the Cypress 7C601 and other microprocessors 
that clock their addresses. 
A programmable 
bit is provided 
to select between Latched and Registered 
address inputs. 


The default is registered 
inputs, which will sample the ad- 


dress on the RISING 
EDGE of CP and load the address 


register. The Latched 
address option will recognize any 


address changes while the ALE pin is ACTIVE 
and load 


the address into the address latches on the DEACTIV 
AT- 
ING EDGE of ALE. If the latched address option is se- 
lected, then another 
programmable 
bit is provided for the 


user to select the polarity that will define ALE ACTIVE, 
with the default being ACTIVE 
HIGH. 
Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65'C to + 150'C 
Static Discharge 
Voltage 
> 200 1V 
Ambient Temperature 
with 
(Per MIL-STD-883 
Method 3015) 
Power Applied 
- 55'C to + 125'C 
Latchup 
Current 
> 200 mA 


Supply Voltage to Ground 
Potential 


(Pin 24 to Pin 12) 
-0.5Vto 
+7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- O.5V to + 7.0V 


DClnputVoltage 
-3.0Vto 
+7.0V 


DC Program 
Voltage (Pins 7, 18,20) 
13.0V 


UV Erasure 
7258 Wsec/cm2 


Range 
Ambient 
Vee 
Temperature 


Commercial 
O'Cto 
+70'C 
5V ± 10% 


Military[2] 
- 55'C to + 125'C 
5V ± 10% 


7C277·30 
7C277-40,50 
Parameters 
Description 
Test Conditions 
7C279-35 
7C279·45, 55 
Units 


Min. 
Max. 
Min. 
Max. 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = - 2.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
0.4 
V 


VtH 
Input HIGH Level[4] 
2.0 
Vee 
2.0 
Vee 
V 


VtL 
Input LOW Leve![4] 
0.8 
0.8 
V 


IIX 
Input Leakage Current 
GND ,,; VtN ,,; Vee 
-10 
+10 
-10 
+10 
I-'A 


VeD 
Input Clamp Diode Voltage 
Note 5 


IOZ 
Output Leakage Current 
VOL"; VOUT ,,; VOH,Output Disabled[6] 
-40 
+40 
-40 
+40 
I-'A 


IOS 
Output Short Circuit Current 
Vee = Max., VOUT = 0.OV[71 
-20 
-90 
-20 
-90 
mA 


Ice 
Power Supply Current 
Vee = Max., VIH = 2.0V 
Commercial 
120 
120 


lOUT = OmA 
mA 


Military 
130 


ISBIll] 
Standby Supply Current 
Vee = Max., CS :<: VtH 
Commercial 
30 
30 
mA 
lOUT ~ OmA 
Military 
40 
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Capacitance [8] 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25°C, f = 1 MHz 
10 
pF 
COUT 
Output Capacitance 
YCC = 5.0Y 
10 


Notes: 
I. The 7C279onlyhasa standbymode. 
2. TA is the "instant on" case temperature. 
3. See the last page of this specification for Group A subgroup testing 
information. 
4. These are absolute voltages with respect to device ground pin and 


include all overshoots due to system and/or tester noise. Do not at- 
tempt to test these values without suitable equipment (see Notes on 
Testing). 
S. The CMOSprocessdoesnot providea clampdiode.However,the 
CY7C277 and CY7C279 are insensitive to - 3V de input levels and 
- 5V undershoot pulses of less than 10 os (measured at 50% point). 


6. For devices using the synchronous enable, the device must be clocked 
after applying these voltages to perform this measurement. 


7. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 


8. Tested initially and after any design or process changes that may 


affect these parameters. 


Parameters 
Description 
7C277·30 
7C277·40 
7077·50 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


tAL 
Address Setup to ALE Active 
5 
10 
10 
ns 


tLA 
Address Hold from ALE Inactive 
10 
10 
15 
ns 


tLL 
ALE Pulse Width 
10 
10 
15 
ns 


tSA 
Address Setup to Clock HIGH 
30 
40 
50 
ns 


tHA 
Address Hold from Clock HIGH 
a 
a 
a 
ns 


tSES 
Es Setup to Clock HIGH 
12 
15 
15 
ns 


tHES 
Es Hold from Clock HIGH 
5 
10 
10 
ns 


tCO[14] 
Clock HIGH to Output Valid 
15 
20 
25 
ns 


tpwc 
Clock Pulse Width 
15 
20 
20 
ns 


tLZC 
Output Low Z from Clock HIGH 
20 
20 
30 
ns 


tHZC[l4.91 
Output High Z from Clock HIGH 
20 
20 
30 
ns 


tLZE 
Output Low Z from E LOW 
20 
20 
30 
ns 


tHZE[IS,91 
Output High Z from E HIGH 
20 
20 
30 
ns 


tCESL 
Chip Enable Setup to Latch Close 
10 
10 
10 
ns 
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Parameters 
Description 
7C279·35 
7C279·45 
7C279·55 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


tCO[12] 
Clock 
to Output 
Valid 
35 
45 
55 
ns 


tHZCS 
Chip 
Select Inactive 
to High Z 
25 
30 
30 
ns 


tACS 
Chip 
Select Active 
to Output 
Valid 
25 
30 
30 
ns 


tAR 
Address 
Register 
Setup 
to ALE 
Active 
3 
10 
10 
ns 


tRA 
Address 
Hold 
from ALE 
Active 
6 
10 
10 
ns 


tADH 
Data 
Hold 
from 
ALE 
Active 
5 
5 
5 
ns 


tpu 
Chip 
Enable 
Active 
to Power 
Up 
0 
0 
0 
ns 


tPD 
Chip 
Enable 
Inactive 
to Power 
Down 
40 
50 
60 
ns 


tOH[12] 
Output 
Hold 
from 
Address 
Change 
0 
0 
0 
ns 


tpWA 
Address 
Register 
Pulse Width 
10 
20 
30 
ns 


tCESC 
Chip 
Enable 
Setup 
to Clock 
Rise 
10 
10 
10 
ns 


Notes: 
9. tHZCSand tHZE are tested wtih the load shown in Figure lb. Tran· 


sition is measured at steady state high level - 500 mV or steady state 
low level + 500 mV on the output from the 1.5V level on the input. 


10. These parameters apply to the 7C277 only. 
11. These parameters apply to the 7C279 only. 
12. tAA and tOH apply only when the latched mode is selected. 
13. Tests are performed with rise and fall times of 5 os or less. 


14. Applies only when the synchronous (ES) function is used. 
15. Applies only when the asynchronous (I:) function is used. 
16. See Figure fa for all switching characteristics except lHZCS and 
lHZE· 
17. See the last page of this specification for Group A subgroup testing 


information. 
18. All device test loads should be located within 2" of device outputs. 


Rl 
500n 
(65Sn 
MIL) 


Rl 
500n 


(65Sn 
MIL) 


30 pF 
TINCLUDING 
-L: JIG AND 
- 
SCOPE 
- 


R2 
333n 
(403n 
MIL) 
5pF 
TINCLUDING 
-L: JIG AND 
- 
SCOPE 


R2 
333n 
(403n 
MIL) 


Figure la 
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250n 
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MILITARY 
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Architecture Configuration Bits 


CY7C277 
CY7C279 


Architecture 
Device 
Architecture Verify 
Bit 
D7-DO 
Function 


ALE 
7C277 
Dl 
0= 
DEFAULT 
Input Transparent 


1 = PGMED 
Input Latched 


ALE 
7C279 
Dl 
0= 
DEFAULT 
Input Registered 


1 - 
PGMED 
Input Latched 


ALEP 
7C277 
D2 
0= 
DEFAULT 
ALE = ACTIVE HIGH 


1 - 
PGMED 
ALE 
ACTIVE LOW 


ALEP 
7C279 
D2 
0- 
DEFAULT 
ALE = ACTIVE HIGH 


1 - 
PGMED 
ALE 
ACTIVE LOW 


EVES 
7C277 
Do 
o ~ DEFAULT 
Asynchronous Output Enable (E) 


1= 
PGMED 
Synchronous Output Enable (105) 


Programmer Address (Hex) 
RAM Data 


סס oo 
Data 


• 
• 
• 
• 
· 
· 
7FFF 
Data 


8000 
Control Byte 


Architecture 
Byte (8000) 


D7 
Do 


C7 C6 Cs C4 C3 Cz C, Co 
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NORMALIZED 
SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 
1.6 


1.4 


u 
.£' 
8 
12 
N 
:::;..•,. 
1.0 
'"0z 


1.6 


1.4 
u 
_u 


0 
12 
.., 
N 
:::;..•,. 
1.0 
'"0z 
0.8 
- 
- 


NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 
12 


u 
1.1 


.£' 
8 
N 
1.0 
:::;..•,. 
'"0z 
0.9 


OUTPUT SOURCE CURRENT 
vs. VOLTAGE 
60 


OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 
175 
<- 
150 
..s 


>- 
125 
z.., 
'"'" 
100 
:::>u 


"" 
75 
z 
Vi 
>- 
50 
:::> 
:= 
25 
VCC= 5.0V 
:::>0 
TA= 25°C 
0 
0 
1.0 
2.0 
3.0 
4.0 


OUTPUT VOLTAGE (V) 


NORMALIZED ACCESS TIME 
vs. SUPPLY VOLTAGE 
12 


..,,. 
>= 
1.0 
(/) 
(/)..,uu..• 
0.8 
0.., 
N 
:::;..•,. 
0.6 


'"0z 


•... 
--- 


TA = 25°C 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT LOADING 
30 


J 
15 


8 
o 


TA = 25 
VCC=4.5V 


200 
400 
600 
800 
1000 


5n~~OR 


Timing Diagram (7C277) 


--I lpwe r- 
lHZEI>001 
HIGHZ4== 


I--- lLZE----I 


__________ 
----Jr-\ 


Timing Diagram (7C279) 


Registered 


Note: 
ALE is shown with positive polarity. 


Note: 
Negative ALE is a programmable option. 
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CY7C277 
CY7C279 


Speed 
Ordering 
Package 
Operating 
(ns) 
Code 
Type 
Range 


35 
CY7C277-30PC 
P21 
Commercial 


CY7C277-30WC 
W22 


CY7C279-35PC 
P21 


CY7C279-35WC 
W22 


45 
CY7C277-40PC 
P21 
Commercial 


CY7C277-40WC 
W22 


CY7C279-45PC 
P21 


CY7C279-45WC 
W22 


CY7C277-400MB 
022 
Military 


CY7C277-40WMB 
W22 


CY7C277-40LMB 
L55 


CY7C277-40QMB 
Q55 


CY7C279-450MB 
022 


CY7C279-45WMB 
W22 


CY7C279-45LMB 
L55 


CY7C279-45QMB 
Q55 


55 
CY7C277-50 PC 
P21 
Commercial 


CY7C277-50WC 
W22 


CY7C279-55PC 
P21 


CY7C279-55 WC 
W22 


CY7C277-500MB 
022 
Military 


CY7C277-50WMB 
W22 


CY7C277-50LMB 
L55 


CY7C277-50QMB 
Q55 


CY7C279-550MB 
022 


CY7C279-55WMB 
W22 


CY7C279-55LMB 
L55 


CY7C279-55QMB 
Q55 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IIX 
1,2,3 


IOZ 
1,2,3 


1CC 
1,2,3 


ISB(II] 
1,2,3 


Device 
Parameters 
Subgroups 


7C277 
tSA 
7,8,9,10,11 


tHA 
7,8,9,10,11 


tco 
7,8,9,10,11 


7C279 
tAR 
7,8,9,10,11 


tRA 
7,8,9,10,11 


tDHA 
7,8,9,10,11 


Note: 
II. These paramelers apply to the 7C279 only. 


Document 
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Features 


• 
CMOS 
for optimum 
speed/ 


power 


• 
High speed 
- 
30 ns (commercial) 
- 
45 ns (military) 


• 
Low power 
- 
495 mW (commercial) 
- 
660 mW (military) 


• 
EPROM 
technology 
100% 
programmable 


• 
Slim 300 or standard 
600 mil 
DIP 
or 28 pin LCC 


• 
5V ± 10% VCC, commercial 
and 
military 


• 
TTL compatible 
110 


• 
Direct 
replacement 
for bipolar 
PROMs 


ROW 


DECODER 
1 OF 64 


64 x 128 
PROGRAMMABLE 


ARRAY 


COLUMN 
DECODER 
1 OF 
16 


CY7C281 
CY7C282 


• 
Capable 
of withstanding 


> 1500V static 
discharge 


Product Characteristics 


The CY7C28I 
and CY7C282 are high 
performance 
1024 word by 8 bit CMOS 
PROMs. 
They are functionally 
identi- 
cal, but are packaged 
in 300 mil and 
600 mil wide packages respectively. 
The CY7C28I 
is also available in a 28 
pin leadless chip carrier. The memory 
cells utilize proven EPROM 
floating 
gate technology 
and byte-wide intelli- 
gent programming 
algorithms. 


The CY7C281 and CY7C282 are plug- 
in replacements 
for bipolar devices and 
offer the advantages 
of lower power, 


superior 
performance 
and program- 
ming yield. The EPROM 
cell requires 
only 13.5V for the supervoltage 
and 


low current 
requirements 
allow for 


gang programming. 
The EPROM 
cells 


allow for each memory location to be 
tested 100%, as each location is written 
into, erased, and repeatedly 
exercized 


prior to encapsulation. 
Each PROM 
is 


also tested for AC performance 
to 


guarantee 
that after customer 
program- 
ming the product 
will meet DC and 


AC specification 
limits. 


Reading is accomplished 
by placing an 


active LOW signal on CSt and CS2, 
and active HIGH 
signals on CS3 and 


CS4. The contents 
of the memory loca- 
tion addressed 
by the address lines 


(Ao-A9) 
will become available on the 


output 
lines (00-07). 


00 
06 


0, 
Os 


02 
04 


GND 
03 
0009-2 


4 
3 
2 111 28 27 26 


A4 
5 
~ 
25 
~1 


A3 
6 
24 
CSz 
AZ 
7 
23 
CS3 


A, 
8 
22 
CS. 
AO 
9 
21 
NC 


NC 
10 
20 
07 


00 
1\213141516171~9 
°6 


7C281·30 
7C281-45 
7C282-30 
7C282·45 


Maximum Access Time (ns) 
30 
45 


Maximum Operating 
Commercial 
100 
90 
Current (mA) 
Military 
120 


~ 
CY7C281 


.~gDOClOR 
=================================================C=Y==7=C=2=8=:;2 
Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65'C 
to + 150'C 
Static Discharge 
Voltage 
> 1500V 


Ambient 
Temperature 
with 
(per MIL-STD-883, 
Method 3015) 
Power Applied 
- 55'C to + 125'C 
Latch-up 
Current 
> 200 mA 


Supply Voltage to Ground 
Potential 


(Pin 24 to Pin 12) 
-0.5V 
to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
-0.5V 
to + 7.0V 


DC Input Voltage 
- 3.OV to + 7.0V 


DC Program 
Voltage (Pins 18,20) 
14.0V 


Range 
Ambient 
Vcc 
Temperature 


Commercial 
O'C to +70'C 
5V ± 10% 


Military!1] 
- 55'C to + 125'C 
5V ± 10% 


7C281-30 
7C281·45 
Parameters 
Description 
Test Conditions 
7C282·30 
7C282·45 
Units 


Min. 
Max. 
Min. 
Max. 


VOH 
Output HIGH Voltage 
Vcc = Min.,IOH = -4.0 
mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min.,IOL = 16.0 mA 
0.4 
0.4 
V 


VlH 
Input HIGH Level!3] 
2.0 
2.0 
V 


VIL 
Input LOW Level13] 
0.8 
0.8 
V 


IIX 
Input Current 
GND,;; 
VIN ,;; Vcc 
-10 
+10 
-10 
+10 
JLA 


VCD 
Input Diode Clamp 
Note 4 
Note 4 
Voltage 


loz 
Output Leakage Current 
VOL';; VOUT ,;; VOH, Output Disabled 
-40 
+40 
-40 
+40 
JLA 


los 
Output Short 
Vcc = Max., VOUT = GND 
-20 
-90 
-20 
-90 
mA 
Circuit Currentl5] 


Icc 
Power Supply 
Vcc = Max., 
I Commercial 
100 
90 
mA 


Current 
lOUT = OmA 
I Military 
120 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25'C, f = lMHz 
10 
pF 


COUT 
Output Capacitance 
Vcc = 5.0V 
10 


Notes: 
I. TA is the "instant on" case temperature. 
2. See the last page of this specification for Group A subgroup testing 


information. 
3. These are absolute voltages with respect to device ground pin and 


include all overshoots due to system and/or tester noise. Do not at- 
tempt to test these values without suitable equipment. 


4. The CMOS process does not provide a clamp diode. 


However,the CY7C281& CY7C282are insensitiveto - 3Vde input 
levels and - 5V undershoot pulses of less than 10 os (measured at 
50%point). 


5. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 


6. Tested initially and after any design or process changes that may 


affect these parameters. 
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CY7C281-30 
CY7C281-45 
Parameters 
Description 
CY7C282-30 
CY7C282·45 
Units 


Min. 
Max. 
Min. 
Max. 


tAA 
Address to Output Valid 
30 
45 
ns 


tHZCS 
Chip Select Inactive to High Z(8) 
20 
25 
ns 


tACS 
Chip Select Active to Output Valid 
20 
25 
ns 


INClUD'NGI 
30 pF 
JIG 
AND 


SCOPE 


INCLUDING I5 pF 
JIG AND 


SCOPE 


THE-VENIN EQUIVALENT 


100n 


A.-A" _* 
ADDRESS 
----------------------------------------- 


=:.::====L=2Qij===l="=l::: t=,=<i=( ==== 


Notes: 
7. Test conditions 
assume 
signal 
transition 
times of 5 os or less, timing 


reference 
levels 
of 1.5V, output 
loading 
of the specified 
IoLiIoH 
and 


loads shown 
in Figure la, lb. 


8. IHZCS is tested 
with load shown 
in Figure lb. Transition 
is measured 
at steady 
state High 
level + 500 m V or steady 
state Low level + 500 


mY on the output from the 1.5V level on the input. 
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NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 
1.2 


25 


AMBIENT TEMPERATURE 
rCI 


OUTPUT SOURCE CURRENT 
vs. VOLTAGE 
60 


NORMALIZED ACCESS TIME 
vs. SUPPLY VOLTAGE 


1.2 
• 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT LOADING 


30.0 


'" 
:J 15.0 
'"~ 
" 
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A, 
Vcc 
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AS 


AS 
A. 


A, 
CS, 


A, 
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A, 
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A, 
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Ao 
0, 


DO 
0, 
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Os 
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0, 
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CY7C282 


The CY7C281 and CY7C282 programming algorithm allows significantly faster programming than the "worst case" specification of 10 msec. 
Typical programming time for a byte is less than 2.5 msec. The use of EPROM cells allows factory testing of programmed cells. measurement of data 
retention and erasure to ensure reliable data retention and functional performance. A flowchart of the algorithm is shown in Figure 
4. 
The algorithm utilizes two different pulse types: initial and overprogram. The duration of the PGM pulse (tpp) is 0.1 msec which will then be followed by a 
longer overprogram pulse of 24 (0.1) (X) msec. X is an iteration counter and is equal to the NUMBER of the initial 0.1 msec pulses applied before 
verification occurs. Up to four 0.1 msec pulses are provided before the overprogram pulse is applied. 
The entire sequence of program pulses and byte verification is performed at VCC = 5.0. When all bytes have been programmed all bytes should be 
compared (Read mode) to original data with Ycc = S.OY. 


Figure 4. Programming 
Flowchart 


Programming Information 


The 7C281 and 7C282 IK x 8 CMOS PROMs 
are imple- 


mented with a differential 
EPROM 
memory cell. The 


PROMS 
are delivered in an erased state, containing 
neither 


"I s" nor "Os". This erased condition 
of the array may be 


assessed using the "BLANK 
CHECK 
ONES" 
and 


"BLANK 
CHECK 
ZEROS" 
function, 
see below. 


A virgin device contains neither ones nor zeros because of 
the differential 
cell used for high speed. To verify that a 


PROM 
is unprogrammed, 
use the two blank check modes 


provided in Table 3. In both of these modes, address and 
read locations 0 thm 
1023. A device is considered 
virgin if 


all locations are respectively 
"Is" and "Os" when addressed 


in the "BLANK 
ONES AND ZEROS" 
modes. 


Because a virgin device contains neither ones nor zeros, it 
is neccessary to program both ones and zeros. It is recom- 
mended that all locations be programmed 
to ensure that 


ambiguous 
states do not exist. 


Parameter 
Description 
Min. 
Max. 
Units 


Vpp 
Programming Voltage!1l 
13.0 
14.0 
V 


vccp 
Supply Voltage 
4.75 
5.25 
V 


VIHP 
Input HIGH Voltage 
3.0 
V 


VILP 
Input LOW Voltage 
0.4 
V 


VOH 
Output HIGH Voltage!2] 
2.4 
V 


VOL 
Output LOW Voltage!2) 
0.4 
V 


Ipp 
Programming Supply Current 
50 
mA 


Parameter 
Description 
Min. 
Max. 
Units 


tpp 
Programming Pulse WidthD] 
100 
10,000 
I's 


tAS 
Address Setup Time 
1.0 
I's 


tos 
Data Setup Time 
1.0 
I's 


tAH 
Address Hold Time 
1.0 
I's 


tOH 
Data Hold Time 
1.0 
I's 


tR,tf 
VPP Rise and Fall TimeD) 
1.0 
~ 
I'S 


tyO 
Delay to Verify 
1.0 
I's 
tvp 
Verify Pulse Width 
2.0 
I's 


tOY 
Verify Data Valid 
1.0 
I's 


toz 
Verify to High Z 
1.0 
1'5 


Notes: 
1. Veep 
must be applied 
prior 
to Vpp. 
2. During 
verify 
operation. 
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Mode Selection 


Pin Function 


Mode 
Read or Output Disable 
CS4 
CS3 
CS2 
CSt 
Outputs 


Other 
PGM 
VFY 
Vpp 
CSt 
(9-11, 
13-17) 


Pin Number 
(18) 
(19) 
(20) 
(21) 


Read 
VIH 
VIH 
VIL 
VIL 
Data Out 


Output Disabld4l 
X 
X 
VIH 
X 
HighZ 


Output Disable[4l 
X 
VIL 
X 
X 
High Z 


Output Disabld4l 
VIL 
X 
X 
X 
HighZ 


Output Disabld4J 
X 
X 
X 
VIH 
High Z 


Program 
VILP 
VIHP 
Vpp 
VILP 
Data In 


Program Verify 
VIHP 
VILP 
Vpp 
VILP 
Data Out 


Program Inhibit 
VIHP 
VIHP 
Vpp 
VILP 
High Z 


Intelligent Program 
VILP 
VIHP 
Vpp 
VILP 
Data In 


Blank Check Ones 
Vpp 
VILP 
VILP 
VILP 
Ones 


Blank Check Zeros 
Vpp 
VIHP 
VILP 
VILP 
Zeros 


Programming 
Sequence lK x 8 


Power the device for normal read mode operation 
with pin 
18, 19,20, and 21 at VIH. Per Figure 5 take pin 20 to Vpp. 
The device is now in the program 
inhibit mode of operation 


with the output 
lines in a high impedance 
state; see Tables 
3 and 4. Again per Figure 5 address program 
and verify 


one byte of data. Repeat this for each location to be pro- 
grammed. 


If the brute force programming 
method is used, the pulse 


width 
of the program 
pulse should 
be 10 ms, and each 


location is programmed 
with a single pulse. Any location 


that fails to verify causes the device to be rejected. 


If the intelligent 
programming 
technique 
is used, the pro- 
gram pulse width should be 100 /,-s. Each location is ulti- 
mately programmed 
and verified until it verifies correctly 


up to and including 4 times. When the location verifies, one 
additional 
programming 
pulse should be applied of dura- 
tion 24 X the sum ofth" 
previous programming 
pulses 


before advancing 
to the next address to repeat the process. 


PROGRAM 
OTHER 
BYTES 
~- 


Speed 
Ordering 
Package 
Operating 


(ns) 
Code 
Type 
Range 


30 ns 
CY7C281-30PC 
PI3 
Commercial 


CY7C282-30PC 
PII 


CY7C281-300C 
Dl4 


CY7C281-30LC 
L64 


CY7C282-300C 
012 


45 ns 
CY7C281-45PC 
P13 
Commercial 


CY7C282-45PC 
PII 


CY7C281-450C 
014 


CY7C281-45LC 
L64 


CY7C282-450C 
Dl2 


CY7C281-450MB 
014 
Military 
CY7C281-45LMB 
L64 


CY7C282-450MB 
Dl2 


CY7C281 
CY7C282 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IIX 
1,2,3 


Ioz 
1,2,3 


ICC 
1,2,3 


Parameters 
Subgroups 


IAA 
7,8,9,10,11 


lACS 
7,8,9,10, 
II 


~::=:~ 
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Features 


• 
CMOS for optimum speed/power 
• 
Windowed for reprogrammability 
• 
Unique fast column access 
- 
tM = 20 ns (commercial) 
- 
tM = 25 ns (military) 


• 
WAIT signal 


• 
Chip select decoding 
• 
EPROM technology, 100% program- 
mable 
• 
5V ± 10% Vcc, commercial 
and mili- 


tary 
• 
TTL-compatible 
I/O 


• 
Slim 300-mil package 
• 
Capable of withstanding> 
200 IV 


static discharge 


CY7C285 
CY7C289 


65,536 X 8 Reprogrammable 
Fast Column Access PROM 


Functional 
Description 


The CY7C285 and the CY7C289 are high- 
performance 
65,536 
by 
8-bit 
CMOS 
PROMs. 
The CY7C285 is available in a 
28-pin 
300-mil 
package. 
It 
features 
a 


unique fast column access feature that al- 
low access times as fast as 20 ns for each 
byte in a 64-byte page. There 
are 1024 
pages in the device. The access time when 
changing pages will be 65 ns. In order to 
easily facilitate the use of the fast column 
access feature, a WAlT signal will be gen- 
erated to advise the processor of a page 
change. The CY7C289 also incorporates 
the fast column access feature and through 
the use of the ALE option adds either syn- 
chronous 
address registers or asynchro- 
nous address latches. The CY7C289 is par- 
ticularly well suited to support applications 
using the CY7C601 as well as other RISC 
or CISC microprocessors. It is available in 
a 32-pin 300-mil package. 


The CY7C285 and CY7C289 offer the ad- 
vantage of lowjXMer,superior performance, 


and programming yield. The EPROM cell 
requires only 12.5V for the super voltage 
and 
low 
current 
requirements. 
The 


EPROM cells allow for each memory loca- 
tion to be 100% tested, with each location 
being written into, erased, and repeatedly 
exercised 
prior 
to encapsulation. 
Each 


PROM is also tested for AC performance 
to guarantee that after customer program- 
ming the product will meet DC and AC 
specification limits. 
Reading the CY7C285 is accomplished by 
placing an active LOW signal on the CS 
pin. 
Reading 
the 
CY7C289 
is accom- 
plished by placing an active LOW signal 
on the CE pin and by placing active HIGH 
signals on the CS, or CS2 pins as appropri- 
ate. The contents of the memory location 
addressed by the address lines (Ao - A,s) 
will become available on the output lines 
(00 - 07), 


Pin Configurations 


CerDIP 
CerDIP 


Top View 
Top View 


•• 
28 
Vcc 
•• 
1 
Vcc 
0, 
•• 
27 
A" 
•• 
2 
A" 


A, 
26 
A" 
A, 
3 
A" 


D,; 
•• 
25 
A" 
•• 
4 
A" 


A, 
24 
A" 
A, 
5 
A" 


A. 
23 
A" 
A. 
6 
A" 


0, 
'" 
0 


22 
A" 
'" 
7 
A" 


A, 
21 
cs 
CPIALE 
CE 


A, 
9 
7C285 20 
WAIT 
A, 
CS, 


0. 
•• 
10 
19 
0, 
A, 
WArT 


D,; 
11 
18 
D,; 
•• 
0, 


0, 
0, 
12 
17 
0, 
GND 
GND 


0, 
13 
16 
O. 
0, 
0, 


GND 
14 
15 
0, 
0, 
0, 


0, 
0, 
0. 


C285-2 
CS, 
0, 


0, 
C285-3 


LeC 


00 
Top View 
LCC 


00_ 
Top View 
:p~~~>o~~ 


A, 


4 3 2L~323'30 
A" 
5 
29 
A" 
A. 
6 
28 
A" 
A, 
5 
A, 
7 0 


27 
A" 
A. 
6 
A" 


NC 
8 
26 
A" 
'" 
7 0 


A" 


A, 
CPIALE 
8 
A" 
9 
25 
NC 
A, 
24 cs 


A, 
9 
CE 


•• 


10 
A, 
CS, 


11 
23 
WArT 
•• 


10 
11 
WArT 
GND 
12 
7C285 
22 
0, 
GND 
12 
7C289 
0, 
00 
13 
21 
GND 
0, 
13 
21 
D,; 


14151617181920 
14151617181920 
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7C285-65 
7C285-75 
7C285-85 


Description 
7C289-65 
7C289-75 
7C289-85 


Page Access Time 
65 
75 
85 


Maximum Access Time (ns) 
Column Access Time 
20 
25 
35 


Maximum Operating Current (mA) 
I Commercial 
180 
180 
180 


I Military 
200 
200 


Maximum 
Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
UV Exposure 
7258 Wseclcm2 


Ambient Temperature 
with 
Static Discharge Voltage 
>2OO1V 
Power Applied 
- 55°C to + 125°C 
(per MIL-STD-883, Method 3015) 
Supply Voltage to Ground Potential 
Latch-Up Current 
> 200 mA 
(CY7C285: Pin 28 to Pin 14) 
(CY7C289 Pin 32 to Pin 12,21) . . . . . . 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . • . . • . . . . .. 
- 3.0V to + 7.0V 


DC Program Voltage 
(CY7C285: Pins 21, 22) 
(CY7C289 Pins 24, 26) 
l3.0V 


Electrical 
Characteristics 
Over the Operating Rangel21 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Militaryltl 
- 55°C to + 125°C 
5V ± 10% 


7C285-65, 
75, 85 
7C289-65, 75, 85 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., 10H = - 2.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mAP] 
0.4 
V 


V1H14] 
Input HIGH Level 
2.0 
Vee 
V 


VtLI31 
Input LOW Level 
0.8 
V 


II)( 
Input Load Current 
GND ~ 
VtN~ 
Vee 
- 10 
+ 10 
f.lA 


VeD 
Input Diode Clamp Voltage 
Note 5 


Ioz 
Output Leakage Current 
GND ~ 
VOUT~ 
Vee, Output Disabled 
-40 
+40 
f.lA 


IDS 
Output Short Circuit Current!61 
Vee = Max., VOUT= GND 
-20 
-90 
mA 


Ice 
Vee Operating 
Supply Current 
Vee = Max., lOUT= 0 mA 
I Com'l 
180 
mA 


I Mil 
200 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 
C1N 
Input Capacitance 
TA=25°C,f= 
1 MHz, 
10 
pF 
COUT 
Output Capacitance 
Vee = 5.0V 
10 
pF 


Notes: 
1. 
TA is the "instant on" case temperature. 


2. 
See the last page of this specificationfor Group A subgroup testing 
information. 
3. 
IOL = 6.0 mA for military 7C285, IOL = 4.0 mA for commercial 
7C289, and IOL = 3.0 mA for military7C289. 


4. 
These are absolute voltages with respect to device ground pin and in- 
cludeallovershootsdue tosystemand/or tester noise.Do not atlempt 
to test these valueswithout suitable equipment. 


5. 
The CMOS process does not provide a clamp diode. However. the 
CY7C285 and CY7C289 are insensitiveto -3V dc input levelsand 
-5V undershootpulsesof lessthan 10ns(measuredat the 50% point). 


6. 
For test pUfJX>seS, 
not more than one output at a time should be 


shorted. Short circuit test duration should not exceed 30 seconds. 


7. 
Testedinitiallyand after anydesignor processchangesthat mayaffecl 
these parameters. 
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_ 
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Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRAC 
Slow Address 
Access 
Time 
(A,; - A,s) 
65 
75 
85 
ns 


teAA 
Fast Address 
Access 
Time 
(Ao - As) 
20 
25 
35 
ns 


tHZCS 
Output 
Tri-State 
from 
CS 
15 
20 
25 
ns 


lACS 
Output 
Valid 
from 
CS 
15 
20 
25 
ns 


two 
Wait Delay 
from 
First 
Slow Address 
Change 
20 
25 
35 
ns 


tow 
Wait Hold 
from 
Data 
Valid 
0 
0 
0 
ns 


tww 
Wait Recovery 
from 
Last 
Address 
Change 
90 
110 
120 
ns 


tpwD 
Wait 
Pulse 
Width 
10 
12 
15 
ns 


7C289-65 
7C289-75 
7C289-85 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRACl 
Slow Address 
Access 
Time 
(A,; - A,s) 
65 
75 
85 
ns 


teAAI 
Fast Address 
Access 
Time 
(Ao - As) 
20 
25 
35 
ns 


tARl 
Register 
Address 
Set-Up 
Time 
2 
4 
8 
ns 


tRAI 
Register 
Address 
Hold 
Time 
6 
6 
10 
ns 


tARPO) 
Register 
Address 
Set-Up 
8 
10 
15 
ns 


tRAll10J 
Register 
Address 
Hold 
Time 
2 
4 
8 
ns 


tllZCS 
Output 
Tri-State 
from 
Clock 
HIGH 
20 
20 
25 
ns 


lACS 
Output 
Valid 
from 
Clock 
HIGH 
20 
20 
25 
ns 


tpwc 
Clock 
Pulse 
Width 
11 
13 
15 
ns 


tADH 
Data 
Hold 
Time 
I Com'l 
5 
5 
5 
ns 


I Mil 
5 
5 
ns 


tSCE 
Chip 
Enable 
Set-Up 
2 
4 
8 
ns 


tHcE 
Chip 
Enable 
Hold 
6 
6 
10 
ns 


twO! 
Wait Delay 
from 
Clock 
LOW 
0 
19 
0 
25 
0 
30 
ns 


tWDJ11I) 
Wait 
Delay 
from 
Clock 
HIGH 
0 
16 
0 
20 
0 
25 
ns 


CY7C285 
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7C289-65 
7C289-75 
7C289-85 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRAC2[12j 
Slow Address Access Time (I\,; - A15) 
65 
75 
85 
ns 


lcAA2(121 
Fast Address Access Time (Ao - As) 
22 
30 
35 
ns 


tACE112] 
Output Valid from CE 
20 
25 
30 
ns 


tHZCE1121 
Output Tri-state from CE 
20 
25 
30 
ns 


tAL112] 
Address Set-Up Time 
5 
8 
12 
ns 


tLA(l2] 
Address Hold Time 
10 
12 
15 
ns 


tLL(l2j 
ALE Pulse Width 
10 
12 
15 
ns 


tpwo(l21 
Wait Pulse Width 
10 
12 
15 
ns 


two21121 
Wait Delay from First Slow Address Change 
21 
25 
30 
ns 


tDw21121 
Wait Hold from Data Valid 
0 
0 
0 
ns 


tww21121 
Wait Recovery from Last Address Change 
90 
110 
120 
ns 


tCES(l3j 
CE Set-Up Time for Tri-State Outputs 
3 
4 
8 
ns 


Architecture 
Architecture 
Verify 
Bit 
Device 
Do- D7 
Function 


TAS 
7C289 
D1 
0= 
Erased 
Address Set-Up < Address Hold 


1 = PGMED 
Address Set-Up > Address Hold 


ALE 
7C289 
D2 
o = Erased 
Input Registered (ADDR, CE, CS" CS2) 


1 = PGMED 
Input Latched (ADDR, CE, CS" CS2) 


ALEP 
7C289 
D3 
o = Erased 
ALE = LOW, Addresses Latched 


1 = PGMED 
ALE = HIGH, Addresses Latched 


WAITC 
7C289 
D. 
0= 
Erased 
WAIT Follows the Falling Edge of CP 


1 = PGMED 
WAIT Follows the Rising Edge of CP 


WAITP 
7C289 
Ds 
0= 
Erased 
WAIT Signal Active LOW 


1 = PGMED 
WAIT Signal Active HIGH 


CSlE 
7C289 
Do 
o = Erased 
CS1 (pin 24) = LOW, Disables Outputs 


1 = PGMED 
CS1 (Pin 24) = HIGH, Disables Outputs 


CS2E 
7C289 
D7 
0= 
Erased 
CS2 (pin 16) = LOW, Disables Outputs 


1= 
PGMED 
CS2 (pin 16) = HIGH, Disables Outputs 


Programmer 
Address (Hex.) 
RAM Data 


סס oo 
Data 


FFFF 
Data 
1סס oo 
Control Byte 


Architecture 
Byte (10000H) 
07 
Do 
C7 Co Cs C. C3 C2 C1 Co 


Notes: 
8. 
R1isa resistorconnected fromtheoutput toVcc and R2isconnected 
between the output and ground for testing purposes. 
9. 
Note that RI and R2 for the 7C7C289willbe 9610 and 5610 for 
commercial(Theveninequivalentis 3000 to 1.73V)and 12500 and 
5880 for military(Theveninequivalent is 2500 to 1.6V). 
10. Parameters for the 7C289 with tASoption enabled. 


II. Parameters for the 7C289 with WAITC option enabled. 
12. Parameters for the 7C289 with ALE option enabled. 
13. Test conditions 
assume signal transition 
times of 5 os or less, timing 


reference levelsof 1.5V,output loadingof the specifiedIOLlloH.and 
loads shownin parts (a) and (b) of AC Test Loads and Waveform. 
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Switching Waveform for the 7C289 


Fast Column Access 


CS,. CSz 
~ 
__ 
~ 
--I: tAR' 


Aa - A,s 


Ao- As 


tAR' 


tARz 


cr 


tSCE 


CP 


WAIT 
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Switching Waveforms for the 7C289 (continued) 


Using WAIT 
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x 
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Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


65 
CY7C285-65PC 
P21 
Commercial 


CY7C285-65WC 
W22 


75 
CY7C285-75PC 
P21 
Commercial 


CY7C285-75WC 
W22 


CY7C285-75DMB 
D22 
Military 


CY7C285-75WMB 
W22 


CY7C285-75LMB 
L55 


CY7C285-750MB 
055 


85 
CY7C285-85PC 
P21 
Commercial 


CY7C285-85WC 
W22 


CY7C285-85DMB 
D22 
Military 


CY7C285-85WMB 
W22 


CY7C285-85LMB 
L55 


CY7C285-850MB 
055 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1L 
1,2,3 


Ilx 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


Parameters 
Subgroups 


tAA 
7, 8, 9, 10, 11 


tACS 
7, 8, 9, 10, 11 


tACE(J4j 
7, 8, 9, 10, 11 


Notes: 
14. CY7C289 
only. 


Document 
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Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


65 
CY7C289-65WC 
W32 
Commercial 


75 
CY7C289-75WC 
W32 
Commercial 


CY7C289-75DMB 
D32 
Military 


CY7C289-75WMB 
W32 


CY7C289-75LMB 
L55 


CY7C289-750MB 
055 


85 
CY7C289-85WC 
W32 
Commercial 


CY7C289-85DMB 
D32 
Military 


CY7C289-85WMB 
W32 


CY7C289-85LMB 
L55 


CY7C289-850MB 
055 • 


CYPRESS 
SEMICONDUCTOR 


Features 


• 
CMOS for optimum speed/power 
• 
Windowed for reprogrammability 


• 
High speed 
- 
ts... = 45 ns (7C287) 


- teo = IS ns (7C287) 


- 
tACC= SOns (7C286) 


• 
Low power 
- 
120 mA active (7C286) 
- 
40 mA standby 


• 
On-chip, edge-triggered 
registers 


(7C287) 


• 
Programmable 
synchronous 
(7C287 
only) or asynchronous 
output enable 
• 
EPROM technology, 100% 
programmable 
• 
SV ± 10% Vcc, commercial 
and 
military 
• 
TTL-compatible 
I/O 
• 
Slim 300-mil package (7C287) 
• 
Capable of withstanding 
>2OO1V 


static discharge 


65,536 X 8 Reprogrammable 


Registered PROM 


The CY7C286 and the CY7C287 offer the 
advantage of lowpower, superior perform- 
ance, 
and 
programming 
yield. 
The 


EPROM 
cell requires only 12.5V for the 


supervoltage 
and 
low current 
require- 
ments allow for gang programming. 
The 


EPROM cells allow for each memory loca- 
tion to be 100% tested with each location 
being written into, erased, and repeatedly 
exercised 
prior 
to encapsulation. 
Each 


PROM is also tested for AC performance 
to guarantee 
that the product 
will meet 
DC and AC specification 
limits after cus- 
tomer programming. 


Reading the CY7C286 is accomplished by 
~cing 
active LOW signals on the OE and 


CE pins. Reading the CY7CLf37 
is accom- 
plished by placing an actIve LOW sIgnal 
on E/Es. The contents of the memory lo- 
cation addressed by the address lines (Ao 
- A15)will become available on the output 
lines (00 - 07), 


Functional Description 


The CY7CLf36 
and the CY7C287 are high- 


performance 
65,536 
by 
8-bit 
CMOS 
PROMs. 
The CY7CLf36 
is configured in 
the JEDEC-standard 
512K EPROM 
pin- 


out and is available in a Lf3-pin,600-mil 
package. Power consumption is 120mA in 
the active mode and 40 mA in the standby 
mode. Access time is 50 ns. The CY7C287 
has registered output~and 
operates in the 
synchronous 
mode. E can also be p!..o- 


grammed into the synchronous mode, Es. 
lt is available in a Lf3-pin,300-mll package. 
The address set-up time is 45 ns and the 
time from clock HIGH to output valid is IS 
ns. 


Both the CY7C286 and the CY7CLf37 
are 
available in a cerDIP package equipped 
with an erasure window to provide repro- 
grammability. When exposed to UV light, 
the PROM 
is erased and can be repro- 


grammed. The memory cells utilize proven 
EPROM Doating-gate technology and byte- 
wide intelligent programming 
algorithms. 


.." 
EDGE· 


lRlOGERfO 


REGISTER 


(1C287ON..Y) 


CerDlP 
CerDlP 
Top View 
Top View 
~~ 


0, 
A" ,~ 
28 
vcc 
A,. 
1 
28 
vcc 


A" 
2 
27 
Au 
A,. 
2 
27 
A" 


0. 
A, 
3 
26 
A" 
A, 
3 
26 
A" 
A., 
4 
25 
A., 
A., 
4 
25 
A" 


A, 
5 
24 
A,. 
A., 
5 
24 
A" 
0, 
A.. 
6 
23 
A" 


A.. 
6 
23 
Au 


A, 
7 O~ 
DE 
A, 
7 0 


22 
A" 
O. 


A, 
8 
A" 
A, 
8 
21 
CP 
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A, 
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0, 
A, 
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19 
0, 
A,. 
10 
19 
0, 
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11 
18 
0. 
00 
11 
18 
00 
0, 
0, 
12 
17 
0, 
0, 
12 
17 
0, 


0, 
13 
16 
O. 
0, 
13 
16 
O. 
0, 
GND 
14 
15] 
0, 
GND 
14 
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0, 
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10 
24 
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7C286 
22 
0, 
GND 
12 
7C287 
22 
0, 


00 
13 
21 
00 
00 
13 
21 
GND 


14151617181920 
14151617181920 


CY7C286 
CY7C287 


7C286-50 
7C286-60 
7C286-70 


Maximum Access Time (ns) 
50 
60 
70 


Maximum Operating 
Current (mA) 
I Com'l 
120 
120 
90 


I Mil 
150 
120 


7C287-45 
7C287-55 
7C287-65 


Maximum Access Time (ns) 
45 
55 
65 


Maximum Clock to Output (ns) 
15 
20 
25 


Maximum Operating 
Current (mA) 
I Com'l 
150 
150 
150 


I Mil 
200 
200 


Maximum 
Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
UV Exposure 
. 
Ambient Temperature 
with 
Static Discharge Voltage 
. 


Power Applied 
.. - 55°C to + 125°C 
(per MIL-STD-883, Method 3015.2) 
Supply Voltage to Ground Potential. 
. 
. .. - 0.5V to + 7.0V 
Latch-Up Current 
. 
(Pin 28 to Pin 14) 
DC Voltage Applied to Outputs 
Operating 
Range 


in High Z State 
- 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


DC Program Voltage (pins 21, 22) 
nov 


7258 Wseclcm2 


.. 
>2001V 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V:!: 
10% 


Military{lJ 
- 55°C to + 125°C 
5V:!: 
10% 


7C286-50 
7C286-60 
I 
7C286-70 


7C287-45,55, 65 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., 10H = - 2.0 mA 
2.4 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min.,loL = 8.0 mA 
Com'l 
0.4 
0.4 
0.4 
V 


Vcc = Min.,loL = 6.0 mA 
Mil 
0.4 
0.4 
0.4 
VIH!3j 
Input HIGH Voltage 
2.0 
Vcc 
2.0 
Vce 
2.0 
Vee 
V 
V,L!4j 
Input LOW Voltage 
0.8 
0.8 
0.8 
V 


I,x 
Input Load Current 
GND~ 
V'N~ 
Vee 
- 10 
+ 10 
-10 
+10 
- 10 
+10 
).LA 


Ven 
Input Diode Clamp Voltage 
Note 4 


loz 
Output Leakage Current 
GND ~ 
VOUT-s- Vee, 
-40 
+40 
-40 
+40 
-40 
+40 
).LA 


Output Disabled 


los 
Output Short 
Vee = Max., VOUT= GND[51 
-20 
- 90 
-20 
- 90 
-20 
- 90 
mA 


Circuit Current!4j 


Ice (7C286) 
Vee Operating 
Vee = Max., 
Com'l 
120 
120 
120 
mA 


Supply Current 
lOUT= 0 mA 
Mil 
150 
150 
150 


Ice (7C287) 
Vee Operating 
Vee = Max., 
Com'l 
150 
150 
150 
mA 


Supply Current 
lOUT= 0 mA 
Mil 
200 
200 
200 
Is8!"1 
Standby Supply Current 
Vee = Max., 
Com'l 
40 
40 
30 
mA 


lOUT= 0 mA 
Mil 
50 
40 


Parameters 
Description 
Test Conditions 
I 
Max. 
I 
Units 
1 


C,N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
I 
10 
I 
pF 
I 
COUT 
Output Capacitance 
Vee = 5.0V 
I 
10 
I 
pF 
I 


• 


CY7C286 
CY7C287 


R1500fi 


5V31IR1658fi 
MIl) 


OUTPUT 


30pF 
~3fi 


INCLUDINGI 
(4Om 
MIL) 


JIG AND 
_ 
_ 


SCOPE 
- 
- 


(a) 


THEvENIN EQUIVALENT 
200fi 


5PFI 


INCLUDING 
JIG AND 
_ 
SCOPE 
- 
(b) 


R2333fi 
140m 
MIL) 


7C286-50 
7C286-60 
7C286-70 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tACC 
Address 
Access 
Time 
(A,; - A15) 
50 
60 
70 
ns 


leE 
Output 
Valid 
from 
CE 
I Commercial 
50 
60 
70 
ns 


I Military 
60 
80 
ns 


toE 
Output 
Valid 
from 
OE 
18 
20 
25 
ns 


tOF 
Output 
Tri-State 
from 
CE/OE 
18 
20 
25 
ns 


tpu 
Chip 
Enable 
to Power-Up 
0 
0 
0 
ns 


tpo 
Chip 
Disable 
to Power-Down 
40 
50 
60 
ns 


7C287-45 
7C287-55 
7C287-65 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tSA 
Address 
Set-Up 
to Clock 
HIGH 
45 
55 
65 
ns 


tHA 
Address 
Hold 
from 
Clock 
HIGH 
0 
0 
0 
ns 


leo 
Clock 
HIGH 
to Output 
Valid 
15 
20 
25 
ns 


tHZE 
Output 
Tri-State 
from 
E 
15 
20 
25 
ns 


tOOE 
Output 
Valid 
from 
E 
15 
20 
25 
ns 


tpwc 
Clock 
Pulse 
Width 
15 
20 
25 
ns 


ts",[91 
Es Set-Up 
to Clock 
HIGH 
12 
15 
18 
ns 


tH",19] 
Es Hold 
from 
Clock 
HIGH 
5 
8 
10 
ns 


tHzc[91 
Output 
Tri-State 
from 
CLKJEs 
20 
25 
30 
ns 


leo.[9] 
Output 
Valid 
from 
CLK/Es 
20 
25 
30 
ns 


Notes: 
1. 
TA is the "instant on" case temperature. 
2. 
See the last page of this specification 
for Group A subgroup 
testing 
information. 
3. 
These are absolute voltages with respect to device ground pin and in- 
c1udeall overshoots due to system and/or tester noise. Do not attempt 
to test these values without suitable equipment. 


4. 
The CMOS process does not provide a clamp diode. However. 
the 
CY7C286 
and CY7C287 
are insensitive to -3V de input levels and 
-5V undershoot 
pulses of less than 10 ns (measured at the 50% point). 


5. 
Short circuit test should not exceed 30 seconds. 


6. 
Only the CY7C286 
has a standby mode. 
7. 
Thsted initially and after any design or process changes that may affect 
these parameters. 
8. 
Test conditions assume signal transition times of 5 os or less, timing 
reference 
levels of 1.5V. output loading of the specified lod1ol<. and 


loads as shown in parts (a) and (b) of AC Test Loads and Waveforms. 


9. 
Parameters 
with synchronous Es option. 


CY7C286 
CY7C287 


Architecture 
Architecture 
Verify 


c 


Bit 
Device 
Do 
Function 


E/Es 
7C2i37 
Do 
I 0 = Erased 
Asynchronous 
Output Enable (pin 20 = E) 
I 1 = PGMED 
Synchronous Output Enable (pin 20 = Es) 


Programmer 
Address (Hex.) 
RAM Data 


סס oo 
Data 


FFFF 
Data 
1סס oo 
Control Byte 


Architecture 
Byte (10000H) 
D7 
Do 
C7 C6 Cs C. 
C3 C2 Cj 
Co 
• 


===>t~~~tA_CC -=--=--=--=--=--=--=--=-======== 


______________ 
v_"J- :: ~---:r-IG-:-Z---loo~te-E-Os-~--V-A-L1D- 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
Type 
Range 


50 
CY7C286-50PC 
PI5 
Commercial 


CY7C286-50WC 
WI6 


60 
CY7C286-60PC 
PI5 
Commercial 


CY7C286-6OWC 
WI6 


CY7C286-600MB 
016 
Military 


CY7C286-60WMB 
WI6 


CY7C286-6OLMB 
L55 


CY7C286-6OQMB 
Q55 


70 
CY7C286--70PC 
PI5 
Commercial 


CY7C286-70WC 
WI6 


CY7C286-700MB 
016 
Military 


CY7C286-70WMB 
WI6 


CY7C286-70LMB 
L55 


CY7C286-7OQMB 
Q55 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1L 
1,2,3 


IIX 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


IsBIIOI 
1,2,3 


Notes: 
10. CY7C286 
only. 


Device 
Parameters 
Subgroups 


7C286 
tACC 
7, 8, 9, 10, 11 


tCE 
7, 8, 9, 10, 11 


tOIlA 
7, 8, 9, 10, 11 


tOE 
7, 8, 9, 10, 11 


7C287 
tSA 
7, 8, 9, 10, 11 


tiiA 
7, 8, 9, 10, 11 


tco 
7,8,9, 
10, 11 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
Type 
Range 


45 
CY7C287-45PC 
P21 
Commercial 


CY7C287-45WC 
W22 


55 
CY7C287-55PC 
P21 
Commercial 


CY7C287-55WC 
W22 


CY7C287-550MB 
022 
Military 


CY7C287-55WMB 
W22 


CY7C287-55LMB 
L55 


CY7C287-55QMB 
Q55 


65 
CY7C287-65PC 
P21 
Commercial 


CY7C287-65WC 
W22 


CY7C287-650MB 
022 
Military 


CY7C287-65WMB 
W22 


CY7C287-65LMB 
L55 


CY7C287-65QMB 
Q55 


-- 
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'flE 'CYPRESS 
F 
SEMICONDUCTOR 


Features 


• 
Windowed 
for reprogrammability 


• 
CMOS 
for optimum 


speed/power 


• 
High speed 
- 
35 ns (commercial) 


- 
35 ns (military) 


• 
Low power 
- 
330 mW (commercial) 


- 
413 mW (military) 


• 
EPROM 
technology 
100% 


programmable 


• 
Slim 300 mil or standard 
600 
mil packaging 
available 


• 
5V ± 10% Vcc, 
commercial 
and 
military 


• 
ITL 
compatible 
I/O 


• 
Direct 
replacement 
for bipolar 
PROMs 


CY7C291 
CY7C292 


Reprogrammable 
2048 X 8 
PROM 


• 
Capable 
of withstanding 
> 2000V 
static 
discharge 


Product Characteristics 


The CY7C291 and CY7C292 are high 
performance 
2048 word by 8 bit CMOS 
PROMs. 
They are functionally 
identi- 
cal, but are packaged in 300 mil and 
600 mil wide plastic and hermetic 
DIP 
packages respectively. 
The 300 mil ce- 
ramic DIP package is equipped with an 
erasure window; when exposed to UV 
light the PROM 
is erased and can then 
be reprogrammed. 
The memory cells 
utilize proven EPROM 
floating gate 
technology 
and byte-wide intelligent 
programming 
algorithms. 


The CY7C291 and CY7C292 are plug- 
in replacements 
for bipolar devices and 
offer the advantages 
of lower power, 


reprogrammability, 
superior 
perform- 


ance and programming 
yield. The 


EPROM 
cell requires only 12.5V for 


the supervoltage 
and low current 
re- 
quirements 
allow for gang program- 
ming. The EPROM 
cells allow for each 
3 


memory location to be tested 100%, as 
each location is written into, erased, 
and repeatedly 
exercised prior to en- 


capsulation. 
Each PROM 
is also tested 


for AC performance 
to guarantee 
that 


after customer 
programming 
the prod- 


uct will meet DC and AC specification 
limits. 


Reading is accomplished 
by placing an 


active LOW signal on CSj, and active 
HIGH 
signals on CS2 and CS3. The 


contents 
ofthe 
memory location ad- 


dressed by the address lines (Ao-AIO) 
will become available on the output 
lines (00-07). 


7C291·35 
7C291·50 
7C292·35 
7C292·50 


Maximum Access Time (ns) 
35 
50 


Maximum Operating 
STD 
Commercial 
90 
90 
Current (mA) 
Military 
120' 
120 


L 
Commercial 
60 
60 


0, 


v" 


811 1 OF 
16 
0, 
.. 
.f'.c"'';:'i 
>'cl ••.•• ~ 


MUl TIPlEXER 
.. 
4 .3 2 ~282726 
0, 
A. • 
" 
A" 


A, , 
" 
CS, 


A, 
7 0 " 
c,, 


0. 
A, , 
22 
C., 


AO 
9 
21 
HC 


0, 
HC 
10 
20 
0, 


00 " 
" 


0, 
12131415161718 


0, 
o 
NO 
V 
••••••••• 
°azOOO 


0, 
0008-3 


0008-2 
Window available on 
300 mil cerdip only 


0008-1 


~PRFSS 
.nEMICONDUCfOR 
_ 
CY7C291 
CY7C292 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
~ 65°C to + 150°C 
Static Discharge 
Voltage 
> 2001 Y 
Ambient Temperature 
with 
(per MIL-STD-883, 
Method 
3015) 
Power Applied 
- 55°C to + 125°C 
Latchup 
Current 
> 200 mA 


Supply Voltage to Ground 
Potential 
-0.5Y 
to + 7.0Y 


(Pin 24 to Pin 12) 


DC Voltage Applied to Outputs 
in High Z State 
-0.5Y 
to + 7.0Y 


DC Input Voltage 
- 3.0Y to + 7.0Y 


DC Program 
Voltage (Pins 18,20) 
l3.0Y 


UY Exposure 
7258 Wsec/cm2 


Range 
Ambient 
Vee 
Temperature 


Commercial 
O°Cto + 70°C 
5V ± 10% 


Military[6] 
- 55°C to + 125°C 
5V ± 10% 


7C291L-35, 50 
7C291-35,50 
Parameters 
Description 
Test Conditions 
7C292L-35, 50 
7C292-35, 50 
Units 


Min. 
Max. 
Min. 
Max. 


VOH 
Output HIGH Voltage 
Vee = Min.,IOH = -4.0 
mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 16.0 mA 
0.4 
0.4 
V 


VIH[I] 
Input HIGH Voltage 
2.0 
Vee 
2.0 
Vee 
V 


VIL[t] 
Input LOW Voltage 
0.8 
0.8 
V 


IIX 
Input Load Current 
GND 
:<;; VIN :<;; Vee 
-10 
+10 
-10 
+10 
IJ-A 


VCD 
Input Diode Clamp 
Note 2 
Note 2 
Voltage 


Ioz 
Output Leakage 
GND 
:<;; VOUT :<;; Vec, 
-40 
+40 
-40 
+40 
IJ-A 
Current 
Output Disabled 


IOS 
Output Short 
Vcc = Max., 
-20 
-90 
-20 
-90 
mA 
Circuit Current[l] 
VOUT = GND 


Ice 
Vcc Operating 
Vce = Max., 
I Commercial 
60 
90 
mA 


Supply Current 
lOUT = OmA 
I Military' 
120 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25°C, f = lMHz 
10 


COUT 
Output Capacitance 
Vcc = 5.0V 
10 
pF 


Notes: 
I. These are absolute voltages with respect to device ground pin and 
include all overshoots due to system and/or tester noise. Do not at- 
tempt to test these values without suitable equipment. 
2. The CMOS process does not provide a clamp diode. However, the 
CY7C29I and CY7C292 are insensitive to - 3V de input levels and 
- SV undershoot pulses of less than 10 os (measured at 50% point). 


3. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 


4. Tested initially and after any design or process changes that may 


affect these parameters. 


5. See the last page of this specification for Group A subgroup testing 


information. 


6. TA is the "instant on" case temperature. 


~ 
CY7C291 
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7C291·35 
7C291·50 


Parameters 
Description 
7C292·35 
7C292·50 
Units 


Min. 
Max. 
Min. 
Max. 


tAA 
Address to Output Valid 
35 
50 
ns 


tHZCS 
Chip Select Inactive to High Z[8] 
25 
25 
ns 


tACS 
Chip Select Active to Output Valid 
25 
25 
ns 


'NCLUD'NGI 
30 pF 


JIG AND 
SCOPE 


INCLUDINGI5 pF 
JIG AND 
SCOPE 


Figure la 


THEVENIN 
EQUIVALENT 


loon 


A 


O 


-A 


lO t 


ADDRESS 
_ 


CS2 - CS3 ----- 
t 
r 


CSl ---- 
t.v.:a 
'~~HZCSiNOTEB·j::-t-A-CS-=-=i--..•(-_-_-_-_-_-_-_-_-_~ 
°0 - °7 
X X 
- 
-e 
- 
NOTEB 
_ 


Notes: 
7. Test conditions assume signal transition times of 5 os or less, timing 
reference levels of I.5V. output loading of the specified IOI/IOH and 
loads shown in Figures la. lb. 


8. tHZCSis tested with load shown in Figure lb. Transition is measured 


at steady state High level - 500 mV or steady state Low level + 500 
mV on the output from the 1.5V level on the input. 


• 


NORMALIZED 
SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 
1.6 


NORMALIZED ACCESS TIME 
vs. TEMPERATURE 
1.6 


~ 
1.4 
t: 
'" 
f:Ju 
1.2 
u.. 
:il 
N 
1.0 
::;.. 
::Ecr 
0.8 
0z 


- 
- 


OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 


175 


;< 
.§. 


•... 
~ 
crcr 
OJu 
'"zin 
•... 
~ 
•... 


OJo 
25 


NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


1.2 


25 


AMBIENT 
TEMPERATURE 
I'CI 


OUTPUT SOURCE CURRENT 
vs. VOLTAGE 


60 


NORMALIZED ACCESS TIME 
vs. SUPPLY VOLTAGE 


1.2 


<~15.0 
.. 
•... 
;j 
0 10.0 


5.0 


200 
400 
600 
800 
1000 
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(pFI 


A, 
Vee 


A_ 
AS 


AS 
A, 


A, 
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A, 
Vpp (CS,) 


A, 
VFY 
(C52) 


A, 
PGM 
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A. 
0, 


D. 
D_ 


O, 
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0, 
0, 


GND 
0, 


0008-9 


Figure 3. Programming Pinout 
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Erasure Characteristics 


Wavelengths 
of light less than 4000 Angstroms 
begin to 


erase the 7C29 1. For this reason, an opaque label should be 
placed over the window if the PROM 
is exposed to sun- 


light or fluorescent 
lighting for extended periods of time. 


The recommended 
dose of ultraviolet 
light for erasure is a 


wavelength 
of 2537 Angstroms 
for a minimum 
dose (UV 
intensity 
X exposure time) of25 Wsec/cm2. 
For an ultra- 


violet lamp with a 12 mW/cm2 
power rating the exposure 


time would be approximately 
30-35 minutes. 


The 7C291 needs to be within I inch of the lamp during 
erasure. Permanent 
damage may result if the PROM 
is 
exposed to high intensity UV light for an extended period 
of time. 7258W X sec/cm2 
is the recommended 
maximum 


dosage. 


A virgin device contains neither ones nor zeros because of 
the differential 
cell used for high speed. To verify that a 


PROM 
is unprogrammed, 
use the two blank check modes 


provided in Table 3. In each of these modes, the locations 0 
thru 2047 should be addressed 
and read. A device is con- 
sidered virgin if all locations are respectively 
"Is" 
and "Os" 


when addressed 
in the "BLANK 
ONES AND ZEROS" 


modes. 


Because a virgin device contains neither ones nor zeros, it 
is necessary to program 
both ones and zeros. It is recom- 


mended that all locations be programmed 
to ensure that -=- 
ambiguous 
states do not exist. 
-=- 
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Speed 
lee 
Ordering 
Package 
Operating 


(ns) 
(mA) 
Code 
Type 
Range 


35 
60 
CY7C291L-35PC 
PI3 
Commercial 


CY7C291 L-35WC 
WI4 


90 
CY7C291-35PC 
PI3 


CY7C291-35SC 
S13 


CY7C291-35WC 
WI4 


CY7C291-35LC 
L64 


120 
CY7C291-35WMB 
WI4 
Military 


CY7C291-350MB 
014 


50 
60 
CY7C291 L-50PC 
PI3 
Commercial 


CY7C291 L-50WC 
WI4 


90 
CY7C291-50PC 
PI3 


CY7C291-50SC 
SI3 


CY7C291-50WC 
WI4 


CY7C291-50LC 
L64 


120 
CY7C291-50WMB 
WI4 
Military 


CY7C291-500MB 
014 


CY7C291-50LMB 
L64 


CY7C291-50QMB 
Q64 


CY7C291-50KMB 
K73 


Speed 
lee 
Ordering 
Package 
Operating 


(ns) 
(mA) 
Code 
Type 
Range 


35 
60 
CY7C292L-35PC 
PII 
Commercial 


CY7C292L-35DC 
012 


90 
CY7C292-35PC 
PII 


CY7C292-350C 
012 


50 
60 
CY7C292L-50PC 
PII 
Commercial 


CY7C292L-500C 
012 


90 
CY7C292-50PC 
PII 


CY7C292-500C 
012 


120 
CY7C292-500MB 
012 
Military 


SA 


CY7C291 


; 
CY7C292 


. 
~~oucrOR 
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;= 


MILITARY 
SPECIFICATIONS 


Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IIX 
1,2,3 


IOZ 
1,2,3 


ICC 
1,2,3 
• 


Parameters 
Subgroups 


lAA 
7,8,9,10,11 


lACS 
7,8,9,10,11 


CYPRESS 
SEMICONDUCTOR 
Reprogrammable 
2048 x 8 
PROM 


Features 


• 
Windowed 
for reprogrammability 


• 
CMOS 
for optimum 


speed/power 


• 
High speed 
- 
20 ns (commercial) 
- 
25 ns (military) 


• 
Low power 
- 
600 mW (commercial) 
- 
660 mW (military) 


• 
Low standby 
power 
- 
165 mW (commercial) 


- 
220 mW (military) 


• 
EPROM 
technology 
100% 


programmable 


• 
Slim 300 mil or standard 
600 
mil packaging 
available 


• 
5V ± 10% Vcc, 
commercial 
and 
military 


• 
TTL compatible 
I/O 


• 
Direct 
replacement 
for bipolar 


PROMs 


• 
Capable 
of withstanding> 
2001V 
static 
discharge 


Product Characteristics 


The CY7C291A, 
CY7C292A, 
and 
CY7C293A 
are high performance 
2048 
word by 8 bit CMOS PROMs. 
They 
are functionally 
identical, but are pack- 
aged in 300 mil (7C291A, 7C293A) 
and 600 mil wide plastic and hermetic 
DIP packages (7C292A). 
The 
CY7C293A 
has an automatic 
power 
down feature which reduces the power 
consumption 
by over 70% when dese- 
lected. The 300 mil ceramic DIP pack- 
age is equipped with an erasure win- 
dow; when exposed to UV light the 
PROM 
is erased and can then be repro- 
grammed. 
The memory cells utilize 
proven EPROM 
floating gate technolo- 
gy and byte-wide intelligent 
program- 
ming algorithms. 


The CY7C29lA, 
CY7C292A, 
and 
CY7C293A 
are plug-in replacements 


for bipolar devices and offer the advan- 
tages of lower power, reprogrammabili- 
ty, superior 
performance 
and program- 
ming yield. The EPROM 
cell requires 


only l2.5V for the supervoltage 
and 


low current 
requirements 
allow for 
gang programming. 
The EPROM 
cells 


allow for each memory location to be 
tested 100%, as each location is written 
into, erased, and repeatedly 
exercised 


prior to encapsulation. 
Each PROM 
is 


also tested for AC performance 
to 


guarantee 
that after customer 
program- 


ming the product 
will meet DC and 


AC specification 
limits. 


Reading is accomplished 
by placing an 


active LOW signal on CSl, and active 
HIGH 
signals on CS2 and CS3. The 


contents 
of the memory location ad- 
dressed by the address lines (Ao-AIO) 
will become available on the output 
lines (00-07). 


0, 


A, 
Vec 


0, 
A, 
A, 
4.on4.~':'i ~.£.: 
.. 
., 2 tjZ82726 
0, 
A. 
25 
A" 


A, 
" 
CS1 


0. 
A, , 0 


23 
CS, 


A, , 
22 
CS, 


A, 
"0 
9 
21 "' 
0, 
A, 
NC 
10 
20 
0, 


0, 
0, " 
" 
0, 
12131415161718 


0, 
0, 
ONCU"'~'" 


0, 
0t5z000 


0, 
ONO 
12 
0120-3 


0120-2 
Window 
available 
on 


0, 
7C291A 
and 
7C293A 
only. 


O~20-1 


7C291A·20 
7C291A-25 
7C291A-30 
7C291A-35 
7C291A·50 


7C292A·20 
7C292A·25 
7C292A·30 
7C292A-35 
7C292A-50 


7C293A·20 
7C293A-25 
7C293A-30 
7C293A·35 
7C293A·50 
Maximum Access Time (ns) 
20 
25 
30 
35 
50 


Maximum Operating 
STD 
Commercial 
120 
90 
90 
90 


Current (mA) 
Military 
120 
120 
90 
90 


L 
Commercial 
60 
60 
Standby Current (mA) 
Commercial 
40 
30 
30 
30 
7C293A Only 
Military 
40 
40 
40 
40 


~ 
CY7C291A 
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Maximum Ratings 
(Above 
which 
the useful 
life may 
be impaired. 
For 
user 
guidelines, 
not 
tested.) 


Storage 
Temperature 
-65°C 
to 
+ 150°C 
Static 
Discharge 
Voltage 
>2001V 


Ambient 
Temperature 
with 
(per 
MIL-STD-883, 
Method 
3015) 


Power 
Applied 
- 55°C 
to 
+ 125°C 
Latchup 
Current 
" 
" 
> 200 mA 


Supply 
Voltage 
to Ground 
Potential 
-0.5V 
to 
+ 7.0Y 


DC 
Voltage 
Applied 
to Outputs 


in HighZState 
-0.5Vto 
+7.0V 


DC 
Input 
Voltage 
- 3.0V 
to 
+ 7.0V 


DC 
Program 
Voltage 
B.OV 


UV Exposure 
7258 
Wsec/cm2 


Range 
Ambient 
Vee 
Temperature 


Commercial 
O"Cto 
+70"C 
SV ±IO% 


Military!5] 
- 55°C to + 
125°C 
SV ± 10% • 


7C291A-20 
7C291A-25 
7C291A-30 
7C291AL-35, 
50 7C291A-35, 
50 


Parameters 
Description 
Test Conditions 
7C292A-20 
7C292A-25 
7C292A-30 
7C292AL-35, 
50 7C292A-35, 
50 Unitl 
7C293A-20 
7C293A-25 
7C293A-30 
7C293AL-35, 
50 7C293A-35, 
50 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


YOH 
Output 
HIGH 
Voltage 
Vee = Min., 
2.4 
2.4 
2.4 
2.4 
2.4 
V 
IOH = -4.0mA 


VOL 
Output 
LOW Voltage 
Vee = Min., 
0.4 
0.4 
0.4 
0.4 
0.4 
V 
IOL = - 16.0 mA 


VIH 
Input 
HIGH 
Voltage 
2.0 
Vee 
2.0 
Vee 
2.0 
Vee 
2.0 
Vee 
2.0 
Vee 
V 


YIL 
Input 
LOW Voltage 
0.8 
0.8 
0.8 
0.8 
0.8 
V 


IX 
Input 
Load Current 
GND 
,;; VIN ,;; Vee 
-10 
+10 
-10 
+10 
-10 
+10 
-10 
+10 
-10 
+10 
p.A 


YeD 
Input 
Diode Clamp 
Note 2 
Note 2 
Note 2 
Note 2 
Note 2 
Voltage 


Output 
Leakage 
GND 
,;; VOUT ,;; Vee, 
-10 
+10 
-10 
+10 
-10 
+10 
-10 
+10 
-10 
+10 
p.A 
OZ 
Current 
Output 
Disabled 


OS 
Output 
Short 
Vee = Max., 
-20 
-90 
-20 
-90 
-20 
-90 
-20 
-90 
-20 
-90 
mA 
Circuit 
CurrentlI] 
VOUT = GND 


Ice 
Vee Operating 
Vee = Max., 
Commercial 
120 
120 
60 
90 
mA 
Supply Current 
lOUT = OmA Military 
120 
90 
90 
mA 


Standby 
Supply 
Vee = Max., 
Commercial 
40 
40 
30 
30 
mA 
S8 
Current 
(7C293A 
Only) CSj;" 
VIH 
Military 
40 
40 
40 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
T A = 2S"C, f ~ 1 MHz 
10 


COUT 
Output 
Capacitance 
Vee 
= S.OV 
10 


pF 


Notes: 
I. These are absolute voltages with respect to device ground pin and 


include all overshoots due to system and/or 
tester noise. Do not at- 
tempt to test these values without suitable equipment. 


2. The CMOS process does not provide a clamp diode. However, the 


CY7C29I A. CY7C292A and CY7C293A are insensitive to - 3V de 
input levels and - 5V undershoot pulses ofless than 10 os (measured 
at 50% point). 


3. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 


4. Tested initially and after any design or process changes that may 
affect these parameters. 


5. TA is the "instant on" case temperature. 
6. See the last page of this specification for Group A subgroup testing 


information. 


1m 


CY7C291A 


~. 
CY7C292A/CY7C293A 
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7C291A-20 
7C291A-25 
7C291A-30 
7C291A-35 
7C291A-50 


Description 
7C292A-20 
7C292A-25 
7C292A-30 
7C292A-35 
7C292A-50 
Units 
Parameters 
7C293A-20 
7C293A-25 
7C293A-30 
7C293A-35 
7C293A-50 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


tAA 
Address to Output Valid 
20 
25 
30 
35 
50 
ns 


tHZCSI 
Chip Select Inactive to High Z[s] 
15 
20 
20 
25 
25 
ns 


tACS! 
Chip Select Active to Output Valid 
15 
20 
20 
25 
25 
ns 


tHZCS2 
Chip Select Inactive to High Z[9] 
22 
27 
32 
35 
45 
ns 
(7C293A CSI Only) 


tACS2 
Chip Select Active to Output Valid 
22 
27 
32 
35 
45 
ns 
(7C293A CSt Only)[9] 


tpu 
Chip Select Active to Power Up 
0 
0 
0 
0 
0 
ns 
(7C293A CSt Only) 


tPD 
Chip Select Inactive to Power Down 
22 
27 
32 
35 
45 
ns 
(7C293A CSt Only) 


'NCLUD'NGI 
30 pF 
JIG AND 


SCOPE 


INCLUDINGI 
5 pF 
JIG AND 


SCOPE 


THEVENIN 
EQUIVALENT 


lOon 


OUTPUT O~---'NI-.--~O 
2.0 V 


Vcc 
SUPPLY 
CURRENT 


tHzcSi 
-_ 
NOTE 
8 


•••••------ 
NOTE 
8 


tACS --I4..(----- 
------- 


Notes: 


7. Test conditions 
assume 
signal 
transition 
times of 5 os or less. timing 
reference levels of 1.5V, output loading of the specified IOL/IOH and 
loads 
shown 
in Figures la, lb. 


8. IHZCS 
is tested with load shown in Figure 
lb. Transition is measured 


at steady 
state High 
level 
- 500 mV or steady 
state Low level + 500 


mV on the output 
from the 1.5V level on the input. 


9. IHZCS2 and 
tACS2 referto 7C293ACS, only. 


~ 
CY7C291A 
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NORMALIZED 
SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 
1.6 


NORMALIZED 
SUPPLY CURRENT 


vs. AMBIENT 
TEMPERATURE 
1.2 


NORMALIZED 
ACCESS TIME 


vs. SUPPLY VOLTAGE 


1.2 


0.80 
-55 
25 
125 


SUPPl 
y VOLTAGE 
IV) 
AMBIENT 
TEMPERATURE 
I'CI 
SUPPl 
Y VOLTAGE 
IV) 


0.6 


I 


TA = 25°C 
0.4 
4.0 
4.5 
5.0 
5.5 
6.0 


NORMALIZED 
ACCESS TIME 


vs. TEMPERATURE 
1.6 


~ 
1.4 
i= 
~ 
u 
1.2 
u.. 
~ 
N 
1.0 
:;.. 
::; 
a: 
0.8 
0z 


- 
- 


OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 
175 


OUTPUT SOURCE CURRENT 
vs. VOLTAGE 


60 


! 20.0 
.... 
;;, 15.0 
~ 
o 10.0 


200 
400 
600 
800 
1000 


CAPACITANCE 
(pF) 


A, 
VCC 


A, 
AS 


A, 
A, 


A, 
A,O 


A, 
Vpp fCS11 


A, 
iiFY 
ICS,I 


A1 
PGM 
(CS,J 


AO 
0, 


DO 
0, 


0, 
0, 
0, 
0, 


GND 
0, 


0120-10 


• 


5n 


CY7C291A 
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Erasure Characteristics 


Wavelengths 
of light less than 4000 Angstroms 
begin to 


erase these PROMs. 
For this reason, an opaque label 


should be placed over the window if the PROM 
is exposed 


to sunlight or tluorescentlighting 
for extended periods of 


time. 


The recommended 
dose of ultraviolet 
light for erasure is a 


wavelength 
of 2537 Angstroms 
for a minimum 
dose CUV 
intensity 
X exposure time) of25 Wsec/cm2. 
For an ultra- 


violet lamp with a 12 mW/cm2 power rating the exposure 
time would be approximately 
30-35 minutes. 


These PROMs 
need to be within I inch of the lamp during 


erasure. Permanent 
damage may result if the PROM 
is 


exposed to high intensity UV light for an extended 
period 
of time. 7258W 
X sec/cm2 
is the recommended 
maximum 


dosage. 


Speed 
lee 
Ordering 
Package 
Operating 
(ns) 
(mA) 
Code 
Type 
Range 


20 
120 
CY7C29IA-20PC 
PI3 
Commercial 


CY7C29IA-20WC 
WI4 


CY7C292A-20PC 
PII 


CY7C292A-20DC 
DI2 


CY7C293A-20PC 
PI3 


CY7C293A-20WC 
WI4 


25 
120 
CY7C29IA-25PC 
PI3 
Commercial 


CY7C29IA-25WC 
WI4 


CY7C292A-25PC 
Pll 


CY7C292A-25DC 
DI2 


CY7C293A-25PC 
PI3 


CY7C293A-25WC 
WI4 


CY7C29IA-25DMB 
014 
Military 


CY7C29IA-25WMB 
WI4 


CY7C29IA-25LMB 
L64 


CY7C29IA-25QMB 
Q64 


CY7C292A-25DMB 
DI2 


CY7C293A-25DMB 
DI4 


CY7C293A-25WMB 
WI4 


CY7C293A-25LMB 
L64 


CY7C293A-25QMB 
Q64 


30 
120 
CY7C29IA-30DMB 
DI4 
Military 


CY7C291A-30WMB 
WI4 


CY7C29IA-30LMB 
L64 


CY7C29IA-3OQMB 
Q64 


CY7C292A-30DMB 
012 


CY7C293A-30DMB 
014 


CY7C293A-30WMB 
WI4 


CY7C293A-30LMB 
L64 


CY7C293A-3OQMB 
Q64 


35 
60 
CY7C29IAL-35PC 
PI3 
Commercial 


CY7C29IAL-35WC 
WI4 


CY7C292AL-35PC 
PII 


CY7C293AL-35PC 
PI3 


CY7C293AL-35WC 
WI4 


90 
CY7C29IA-35PC 
PI3 
Commercial 


CY7C291A-35DC 
DI4 


CY7C29IA-35WC 
WI4 


CY7C29IA-35LC 
L64 


Speed 
lee 
Ordering 
Package 
Operating 
(ns) 
(mA) 
Code 
Type 
Range 


35 
90 
CY7C292A-35PC 
Pll 
Commercial 


CY7C292A-35DC 
012 


CY7C293A-35PC 
PI3 


CY7C293A-35DC 
DI4 


CY7C293A-35WC 
WI4 


CY7C293A-35LC 
L64 


120 
CY7C29IA-35DMB 
DI4 
Military 


CY7C29IA-35WMB 
WI4 


CY7C29IA-35LMB 
L64 


CY7C29IA-35QMB 
Q64 


CY7C292A-35DMB 
012 


CY7C293A-35DMB 
DI4 


CY7C293A-35WMB 
WI4 


CY7C293A-35LMB 
L64 


CY7C293A-35QMB 
Q64 


50 
60 
CY7C29IAL-50PC 
PI3 
Commercial 


CY7C29I AL-50WC 
WI4 


CY7C292AL-50PC 
Pll 


CY7C293AL-50PC 
PI3 


CY7C293AL-50WC 
WI4 


90 
CY7C29IA-50PC 
PI3 
Commercial 


CY7C29IA-50DC 
DI4 


CY7C29IA-50WC 
WI4 


CY7C29IA-50LC 
L64 


CY7C292A-50PC 
Pll 


CY7C292A-50DC 
012 


CY7C293A-50PC 
PI3 


CY7C293A-50DC 
014 


CY7C293A-50WC 
WI4 


CY7C293A-50LC 
L64 


120 
CY7C29IA-50DMB 
014 
Military 


CY7C29IA-50WMB 
WI4 


CY7C29IA-50LMB 
L64 


CY7C29IA-5OQMB 
Q64 


CY7C292A-50DMB 
DI2 


CY7C293A-50DMB 
DI4 


CY7C293A-50WMB 
WI4 


CY7C293A-50LMB 
L64 


CY7C293A-5OQMB 
Q64 


• 


lJroup A ~ubgroup TeSting 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IIX 
1,2,3 


Ioz 
1,2,3 


Icc 
1,2,3 


ISB[2] 
1,2,3 


Parameters 
Subgroups 


tAA 
7,8,9,10,11 


tACSl[ll 
7,8,9,10,11 


tACS2[2] 
7,8,9,10,11 


Notes: 
I. 7C291A and 7C292A only. 
2. 7C293A only. 
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Introduction 


PROMs 
or Programmable 
Read Only Memories have ex- 


isted since the early 1970's and continue 
to provide the 


highest speed non-volatile form of semiconductor 
memory 


available. Until the introduction 
of CMOS PROMs 
from 


Cypress, all PROMs were produced in bipolar technology, 
because bipolar technology 
provided the highest possible 
performance 
at 
an 
acceptable 
cost 
level. 
All 
bipolar 


PROMs use a fuse for the programming 
element. The fuses 
are in tact when the product is delivered to the user, and 
may be programmed 
or written once with a pattern 
and 


used or read infinitely. The fuses are literally blown using a 
high current supplied by a Programming 
System. Since the 


fuses may only be blown or programmed 
once, they may 


not be programmed 
during 
test. In addition, 
since they 


may not be programmed 
until the user determines the pat- 


tern, they may not be completely tested prior to shipment 
from the supplier. This inability to completely test, results 
in less than 
100% yield during programming 
and use by 


the customer for two reasons. First, some percentage of the 
product fails to program. These devices fall out during the 
programming 
operation, and although a nuisance are easily 


identified. Additional 
yield is lost because the device fails 


to perform even though it programs correctly. This failure 
is normally due to the device being too slow. This is a more 
subtle failure, and can only be found by 100% post pro- 
gram AC testing, or even worse by trouble 
shooting an 


assembled board or system. 


Cypress 
CMOS 
PROMs 
use an EPROM 
programming 


mechanism. This technology has been in use in MOS tech- 
nologies since the early 
1970s. However, 
as with most 


MOS technologies 
the emphasis has been on density, not 


performance. 
CMOS at Cypress is as fast as or faster than 


Bipolar and coupled with EPROM, becomes a viable alter- 
native to bipolar 
PROMs 
from a performance 
point-of- 


view. In the arena of programming, 
EPROM 
has some 


significant advantages over fuse technology. EPROM 
cells 


are programmed 
by injecting charge on an isolated gate 


which permanently 
turns off the transistor. 
This mecha- 


nism can be reversed by irradiating the device with ultravi- 
olet light. The fact that programming 
can be erased, totally 


changes the testing and programming 
situation and philos- 


ophy. All cells can be programmed 
during the manufactur- 


ing process and then erased prior to packaging and subse- 
quent 
shipment. 
While these cells are programmed, 
the 


performance 
of each cell in the memory can be tested al- 


lowing the shipment 
of devices that program 
every time, 
and will perform as specified when programmed. 
In addi- 


tion when these devices are supplied in a windowed pack- 
age they can be programmed 
and erased indefinitely pro- 


viding the designer a RE-PROGRAMMABLE 
PROM for 


development. 


Programmable Technology 


EPROM Process Technology 


EPROM 
technology 
employs a floating or isolated gate 


between the normal control gate and the source/drain 
re- 


gion of a transistor. 
This gate may be charged with elec- 


trons 
during 
the 
programming 
operation 
and 
when 


charged 
with 
electrons, 
the 
transistor 
is permanently 


turned 
off. When 
uncharged 
(the 
transistor 
is unpro- 


grammed) 
the device may be turned on and off normally 


with 
the 
control 
gate. 
The 
state 
of the 
floating 
gate, 


charged 
or uncharged, 
is permanent 
because the gate is 


isolated in an extremely pure oxide. The charge may be 
removed if the device is irradiated 
with ultraviolet 
energy 


in the form of light. This ultraviolet 
light allows the elec- 


trons on the gate to recombine and discharge the gate. This 
process is repeatable and therefore can be used during the 
processing of the device repeatedly 
if necessary to assure 


programming 
function and performance. 


Two Transistor 
Cells 


In order to provide an EPROM 
cell that is as fast as the 


fuse technology 
employed 
in bipolar 
processes, 
Cypress 
3 


uses a two transistor 
EPROM 
cell. One transistor 
is opti- 


mized for reliable programming, 
and one transistor 
is opti- 


mized for high speed. The floating gates are connected 
such that charge injected on the floating gate of the pro- 
gramming 
transistor 
is conducted 
to the read transistor, 


biasing it off. 
Differential 
Memory Cells 


In 
the 
4K 
(CY7C225); 
8K 
(CY7C235, 
CY7C281, 


CY7C282); 
and 
16K (CY7C245, 
CY7C29 I, CY7C292) 


CMOS PROMs, 
Cypress employs a differential 
memory 
cell and sense amplifier technique. Higher density devices 
such as the 7C261, 7C263, 7C264 or 7C269 64K PROMs 
employ a single ended Cell and sense amplifier technique 
similar 
to 
the 
approach 
used 
in 
more 
conventional 


EPROMs. 


In a conventional 
high density EPROM 
a single EPROM 


transistor is used to switch the input to one side of a differ- 
ential sense amplifier. The other side of the sense amplifier 
is biased at an intermediate 
level with a dummy cell. An 


unprogrammed 
EPROM 
transistor 
will conduct and drive 


the sense amplifier to a logic "0". A programmed 
EPROM 


transistor 
will not conduct, 
and consequently 
drives the 


sense amplifier to a logic "I". A conventional EPROM cell 
therefore is delivered with a specific state "0" or "I" in it 
depending on the number of inversions after the sense am- 
plifier and can always be programmed 
to the opposite state. 


Access time in this conventional approach is heavily depen- 
dent on the time the selected EPROM 
transistor 
takes to 


move the input of the sense amplifier from a quiescent con- 
dition to the threshold 
that the dummy cell is biasing the 
second input to the sense amplifier. 
This bias is several 


volts, and requires a significant delay before the sense am- 
plifier begins to react. 


Cypress PROMs employ a true differential cell approach, 
with EPROM 
cells attached 
to both inputs of the sense 


amplifier. As indicated above, the read transistor 
which is 


optimized for speed is actually the transistor 
attached 
to 


the sense amplifier. In the erased state, both EPROM tran- 
sistors conduct when selected eccentrically biasing the in- 
put of the sense amplifier at the same level. If the inputs 
were at identical levels, the output of the sense amplifier 
would be in a mestastable condition or, neither a "I" 
nor 
"0". In actual practice the natural bias and high gain of the 
sense amplifier combine to cause the output to favor one or 
the other stable conditions. The difference between the two 
conditions is however only a few millivolts and the memo- 
ry cell should be considered to contain neither a "I" nor a 
"0". As a result of this design approach, 
the memory cell 


must be programmed 
to either a "I" or a "0" depending on 


the 
desired 
condition 
and 
the 
conventional 
BLANK 
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CHECK 
mechanism 
is invalid. The benefit of the approach 


however is that only a small differential 
signal from the cell 


begins the sense amplifier 
switching 
and the access time of 


the memory 
is extremely 
fast. 


Single Ended Memory Cells 


Although 
a more 
conventional 
approach, 
single 
ended 
memory cells and sensing techniques 
offer a superior 
trade- 


off between 
die size and performance 
than the differential 


cell for devices 
of 64K 
densities 
and above. 
The 
Single 
ended technique 
employed 
by Cypress 
uses a dummy 
cell 


for the reference 
voltage 
thus 
providing 
a reference 
that 


tracks 
the programmed 
cell in process related 
parameters, 
power 
supply 
and 
temperature 
induced 
variations. 
The 
Memory cell used is a second generation 
two transistor 
cell 


derived 
from earlier 
work at the 16K density 
level. It has 


an optimized 
READ 
transistor 
that is matched 
to the sense 
amplifier, 
and a second transistor 
optimized 
for program- 


ming. The floating 
gates of the two transistors 
that make 
up a memory 
cell are connected 
electrically 
so that 
the 
charge programmed 
onto one device controls the threshold 


of the second transistor. 


Unlike the differential 
memory approach, 
the erased single 


ended 
device contains 
all "O"s and on the the ones are 
programmed. 
Therefore 
a "1" on the data pins during pro- 


gramming 
causes 
a "I" 
to be programmed 
into 
the ad- 
dressed location. 


Programming Algorithm 
Byte Addressing and Programming 


All 
Cypress 
CMOS 
PROMs 
are 
addressed 
and 
pro- 


grammed 
on a byte basis unlike the bipolar 
products 
that 


they replace. The address 
lines used to access the memory 
in a read 
mode are the same for programming, 
and the 
address 
map 
is identical. 
The 
information 
to 
be 
pro- 


grammed 
into each byte is presented 
on the data out pins 
during 
the programming 
operation 
and the data 
is read 


from these same pins for verification 
that the byte has been 
programmed. 
Blank Check for Differential 
Cells 


Since a differential 
cell contains 
neither 
a "1" 
nor a "0" 


before 
it 
is 
programmed, 
the 
conventional 
BLANK 


CHECK 
is not valid. For this reason, 
all Cypress 
CMOS 
PROMs 
contain a special BLANK 
CHECK 
mode of oper- 


ation. 
Blank check is performed 
by separately 
examining 
the "0" 
and "I" 
sides of the differential 
memory 
cell to 
determine 
whether 
either side has been independently 
pro- 


grammed. 
This is accomplished 
in two passes one compar- 
ing the "0" side of the differential 
cell against 
a reference 
voltage applied 
to the opposite 
side of the sense amplifier 


and then repeating 
this operation 
for the" 
I"s side of the 


cell. The modes are called BLANK 
CHECK 
ONES, 
and 


BLANK 
CHECK 
ZEROS. 
These 
modes 
are entered 
by 
the application 
of a supervoltage 
to the device. 


Blank Check for Single Ended Cells 


Single 
ended 
cells 
BLANK 
CHECK 
in a conventional 


manner. 
An erased 
device 
contains 
all "O"s and a pro- 


grammed 
call will contain a "I". 
Cypress PROMs 
that use 
the single ended approach 
provide a specific mode to per- 


form the BLANK 
CHECK 
which also provides the verify 


function. 
This makes the need to switch high voltages un- 
necessary during the program 
verify operation. 
See specific 


data sheets for details. 
Programming 
the Data Array 


Programming 
is accomplished 
by applying 
a supervoltage 


to one pin of the device causing 
it to enter 
the program- 


ming mode of operation. 
This also provides 
the program- 


ming voltage for the cells to be programmed. 
In this mode 


of operation, 
the address 
lines of the device are used to 


address 
each location 
to be programmed, 
and the data 
is 


presented 
on the pins normally 
used for reading 
the con- 


tents 
of the 
device. 
Each 
device 
has 
a READ 
and 
a 


WRITE 
pin in the programming 
mode. These 
are active 


low signals and cause the data 
on the output 
pins to be 


written 
into the addressed 
memory 
location 
in the case of 
the WRITE 
signal or read out of the device in the case of 


the READ 
signal. When both the READ 
and WRITE 
sig- 
nals are high, the outputs are disabled and in a high imped- 
ance 
state. 
Programming 
therefore 
is accomplished 
by 


placing 
data 
on the output 
pins, and writing 
it into the 


addressed 
location with the WRITE 
signal. Verification 
of 


data 
is accomplished 
by reading 
the information 
on the 


output 
pins while the READ 
signal is active. 


The 
timing 
for actual 
programming 
is supplied 
10 
the 


unique programming 
specification 
for each device. 


Special Features 


Depending 
on the specific CMOS PROM 
in question, 
ad- 


ditional 
features 
that 
require 
programming 
may be avail- 
able to the designer. Two of these features are a Program- 
mabIe 'INITIAL 
BYTE 
and Programmable 
SYNCHRO- 
NOUS/ ASYNCHRONOUS 
ENABLE 
available 
in some 


of the 
registered 
devices. 
Like 
programming 
the 
array, 


these 
features 
make 
use of EPROM 
cells and 
are 
pro- 
grammed 
in a similar 
manner, 
using supervoltages. 
The 


specific timing 
and programming 
requirements 
are speci- 


fied in the data sheet of the device employing 
the feature. 


Programming Support 


Programming 
support 
for Cypress CMOS PROMs 
is avail- 


able from a number 
of programmer 
manufacturers, 
some 


of which are listed below. 


Data I/O Corporation 
10525 Willows Rd. N.E. 
P.O. Box 97046 
Redmond, 
WA 
98073-9746 
(206) 881-6444 


Data 110 29B Unipak II 


Cypress 
Generic 
Family Code 
Revision 
Part Number 
Part Number 
and Pinout 


CY7C225 
27S25 
Fa 
B6 
VI2 


CY7C235 
27S35 
Fa 
B5 
V09 


CY7C245 
27S45A 
Fa 
BO 
V09 


CY7C261/3/4 
27S49 
EF 
31 
VII 
CY7C2SlI2 
27S2SlI1S1 
EE 
B4 
V09 


CY7C29112 
27S291/191 
F2 
AF 
V09 


1600 Wyatt "Dr. 
Santa Clara, CA 95054 
(408) 988-1118 


Stag PPZ Zm2000 


Cypress 
Generic 
Family Code 
Revision 
Part Number 
Part Number 
and Pinout 


CY7C225 
27S25 
Rev 21 


CY7C235 
27S35 
Menu 
Rev 21 


CY7C245 
27S45A 
Driven 
Rev 24 


CY7C281/2 
27S281/181 
Rev 21 


CY7C291/2 
27S291/191 
Rev 21 


_ypi ....;);)o.;JI;;Jl1H."VlIUUI,;LU.l, 
JUl,;. 


390 I North 
First St. 


San Jose, CA 95134 
(408) 943-2600 


Cypress CY3000 QuickPro Rev. PROM 2.10 


Cypress 
Generic 
Family Code 


Part Number 
Part Number 
and Pinout 


CY7C225 
CY7C235 
CY7C245 
CY7C261/3/4 
Menu 
Menu 
CY7C268 
Driven 
Driven 


CY7C269 
CY7C281/2 
CY7C291/2 
• 


PRODUCT ====================::::::::;. 
INFORMATION 


STATIC RAMS ==================~. 


PROMS ====================~. 


#?~ 
EPLDS~~~~~~~~~~~~3. 
_I 
~~ 


FIFOS ======================. 


LOGIC ~~~~~~~~~~~3. 


RISC ======================. 


MODULES==~~~~~~~~~~. 


ECL ====================S. 


BUS INTERFACE PRODUCTS ~~~~~=,a 


MILITARY =====================l1li 


DESIGN AND ~~~~===~~~~:::::::::I. 
PROGRAMMING TOOLS 


QUALITY AND ==================&11 
RELIABILITY 


PACKAGES ====================l1li 


Page Number 


.... 
4-1 


Device Number 
Description 


PAL C 20 Series 
Reprogrammable CMOS PAL C 16L8, 16R8, 16R6, 16R4 
4-7 


PLD C 18G8 
CMOS Generic 2O-PinProgrammable Logic Device 
4-26 


PAL C lOGlOB 
CMOS Generic 24-Pin Reprogrammable Logic Device 
4-33 


PAL C 2OGlO 
CMOS Generic 24-Pin Reprogrammable Logic Device........ 
. .. 4-33 
PLD 2ORAlO 
Reprogrammable Asynchronous CMOS Logic Device. . . . . . . . . . . . . . . . 
. ..... 
4-44 
PAL C 22VlOB 
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4-178 
CY7C344 
32-Macrocell MAX EPLD 
.. 4-190 
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Cypress PLD Family Features 


Cypress 
Semiconductor's 
PLD 
family 
offers 
the 
user 
a 
wide range of programmable 
logic solutions 
which incor- 


porate 
leading 
edge circuit 
design 
techniques 
as well as 


diverse 
process 
technology 
capabilities. 
This 
allows 
Cy- 


press PLD 
users to select PLDs 
which best suit the needs 


of their particular 
high performance 
system, 
regardless 
of 


whether 
speed, power consumption, 
density, or device flex- 


ibility are the critical requirements 
imposed by the system. 


Cypress offers enhanced 
performance 
industry 
standard 
20 


and 24 pin device architectures, 
proprietary 
28 pin applica- 


tions tailored 
architectures 
and highly flexible 28-84 
pin 


universal 
device architectures. 
The 
range of technologies 
offered 
include 
leading 
edge 0.8 micron 
CMOS 
EPROM 


for high speed, 
low power 
and high density, 
0.8 micron 


BICMOS 
fuse for very high speed TTL 
devices, and 0.8 


micron 
BIPOLAR, 
for the highest speed ECL devices. 


The EPROM 
cell used by Cypress serves the same purpose 


as the fuse used in most bipolar 
PLD devices. Before pro- 


gramming, 
the AND 
gates or Product 
Terms are connect- 


ed via the EPROM 
cells to both the true and complement 


inputs. 
When the EPROM 
cell is programmed, 
the inputs 
from a gate or Product 
Term are disconnected. 
Program- 


ming alters the transistor 
threshold 
of each cell so that no 


conduction 
can occur, which is equivalent 
to disconnecting 


the input from the gate or Product 
Terms. This is similar 


to "blowing" 
the fuses of BICMOS 
or BIPOLAR 
fusible 


devices, which disconnects 
the input gate from the Product 
Term. 
Selective 
programming 
of each of these 
EPROM 


cells enables the specific logic function 
to be implemented 


by the user. 


The programmability 
of Cypress' 
PLDs allows the users to 


customize 
every device in a number 
of ways to implement 


1=0-....,.-ffi-o-.o-o 
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their 
unique 
logic requirements. 
Using PLDs 
in place of 


SSI or MSI components 
results in more effective utilization 


of boardspace, 
reduced 
cost and increased 
reliability. 
The 


flexibility 
afforded 
by these PLDs 
allows the designer 
to 


quickly and effectively implement 
a number 
of logic func- 


tions ranging from random 
logic gate replacement 
to com- 
plex combinatorial 
logic functions. 


The 
PLD 
family 
implements 
the familiar 
"sum 
of prod- 


ucts" 
logic by using a programmable 
AND 
array 
whose 


output 
terms feed a fixed OR array. The sum of these can 


be expressed 
in a Boolean transfer 
function 
and is limited 


only 
by the 
number 
of product 
terms 
available 
in the 


AND-OR 
array. 
A variety of different 
sizes and architec- 
tures are available. This allows for more efficient logic opti- 
mization 
by matching 
input, 
output 
and product 
terms to 


the desired application. 


To reduce confusion 
and to have an orderly 
way of repre- 
senting 
the complex 
logic networks, 
logic diagrams 
are 


provided 
for the various part types. In order to be useful, 


Cypress logic diagrams 
employ a common 
logic convention 


that is easy to use. Figure 1 shows the adopted 
convention. 


In Figure 1, an "x" represents 
an unprogrammed 
EPROM 
cell or intact fuse link that is used to perform 
the logical 


AND 
operation 
upon 
the 
input 
terms. 
The 
convention 


adopted 
does not imply that the input terms are connected 


on the common 
line that is indicated. 
A further 
extension 


of this convention 
is shown in Figure 2, which shows the 


implementation 
of a simple transfer 
function. 
The normal 


logic representation 
of the transfer 
function 
logic conven- 


tion is shown in Figure 3. 
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PLD Circuit Configurations 


Cypress PLDs have several different output 
configurations 


that cover a wide spectrum 
of applIcatIOns. 
The available 


output 
configurations 
offer the user the benefits 
of both 
lower package 
counts 
and reduced 
costs when used. This 


approach 
allows the designer to select a PLD that best fits 
the needs of his application. 
An example 
of some of the 


configurations 
that are available are listed below. 


Programmable I/O 


Figure 4 illustrates 
the programmable 
I/O 
offered in the 
Cypress PLD family which allows product 
terms to dlfect- 
ly control 
the outputs 
of the device. One product 
ter~ 
is 


used to directly control the three-state 
output buffer, which 


then gates the summation 
of the remaining 
terms 
to the 


output 
pin. The output 
of this summation 
can be fed back 
into the PLD as an input to the array. This programmable 
I/O 
feature allows the PLD to drive the output 
pin when 


the three-state 
output 
is enabled 
or, the I/O 
pin can be 


used as an input to the array when the three-state 
output 
is 


disabled. 


Registered Outputs with Feedback 


Figure 5 illustrates 
the registered 
outputs offered on a num- 
ber of the Cypress PLDs which allow any of these CircUIts 
to function 
as a state 
sequencer. 
The summation 
of the 


product 
terms 
is stored 
in the D-type 
output 
flip-flop on 


the rising edge of the system clock. The Q output 
of the 


flip-flop can then be gated to the output 
pin by enabling the 


three-state 
output 
buffer. The output 
of the flip-flop 
can 


also be fed back into the array as an input term. The output 
feedback 
feature 
allows 
the PLD 
to remember 
and then 


alter its function 
based upon that state. This circuit can be 


used to execute such functions 
as counting, 
skip, shift and 


branch. 


Programmable Macrocell 


The 
Programmable 
Macrocell, 
illustrated 
in Figure 
10, 


provides 
the capability 
of defining the architecture 
of each 


output 
individually. 
Each of the potential 
outputs 
may be 
specified 
to be "REGISTERED" 
or "COMBINATORI- 


AL". 
Polarity 
of each output 
may also be individually 
se- 
lected allowing complete flexibility of output configuration. 
Further 
configurability 
is provided 
through 
"ARRAY" 
configurable 
"OUTPUT 
ENABLE" 
for each potential 
out- 


put. This feature allows the outputs 
to be reconfigured 
as 


inputs on an individual 
basis or alternately 
used as a bidi- 


rectional 
I/O 
controlled 
by the programmable 
array. 


Buried Register Feedback 


The 
CY7C330 
and 
CY7C331 
PLDs 
provide 
registers 
which may be "buried" 
or "hidden" 
by electing feedback 


of the register 
output. 
These 
buried 
registers, 
which 
are 


useful in state machines, 
may be implemented 
without 
sac- 
rificing the use of the associated 
device pin as an input. 
In 


previous 
PLDs, when the feedback path was activated, 
the 


input pin-path 
to the logic array was blocked. The propne- 


tary 
CY7C330 
reprogram mabie 
synchronous 
state 
ma- 
chine macrocell 
illustrates, 
in Figure 
7, the shared 
Input 


multiplexer, 
which provides 
an alternative 
input 
path 
for 


the I/O 
pin associated 
with a buried 
macrocell 
register. 


Each pair of macrocells 
shares an input multiplexer 
and as 


long as alternate 
macrocells 
are buried, 
up to six of the 


twelve output 
registers 
can be buried 
without 
the loss of 


any I/O 
pins as inputs. 
The CY7C330 
also contains four 
dedicated 
hidden macrocells 
with no external 
output, 
Illus- 


trated in Figure 8, that are used as additional 
state regislers 


for creating 
high-performance 
state machines. 


Asynchronous Register Control 


Cypress also offers PLDs which may be used in asynchro- 
nous systems in which register clock, set and reset are con- 
trolled by the outputs 
of the product 
term array. The clock 


signal 
is created 
by 
the 
processing 
of external 
inputs 


and/or 
internal 
feedback by the logic of the product 
term 


array which is then routed to the register clock. The regis- 
ter set and reset are similarly 
controlled 
by product 
term 


outputs 
and can be triggered 
at any time independent 
of 


the register clock in response 
to external 
and/or 
feedback 


inputs 
processed 
by 
the 
logic 
array. 
The 
proprietary 


CY7C331 
Asynchronous 
Registered 
PLD, 
for which 
the 


I/O 
macrocell 
is illustrated 
in Figure 9, is an example 
of 


such a device. The register clock, set and reset functions 
of 


the CY7C331 
are all controlled 
by product 
terms and en- 
able their respective functions 
dependent 
only on input sig- 
nal timing and combinatorial 
delay through 
the device log- 
ic array. 


Input Register Cell 


Other 
Cypress PLDs 
provide input register cells which al- 
low capture 
for processing 
of short duration 
inputs 
which 


would not otherwise 
be present at the inputs for sufficient 


time to allow the device to respond. 
Both the proprietary 


CY7C330 
Reprogrammable 
Synchronous 
State 
Machine 


and the proprietary 
CY7C332 
Combinatorial 
PLD provide 


these input register cells which are shown in Figure II. The 
clock for the input 
register 
may be provided 
from one of 


two external clock input pins selectable 
by a configuration 


bit, C4, dedicated 
for this purpose 
for each input register. 


This choice of input register clock allows signals to be cap- 
tured and processed 
from two independent 
system sources 


each controlled 
by its own independent 
clock. These input 


register 
cells are provided 
within 
I/O 
macrocells, 
as well 
as, for dedicated 
input pins. 
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Figure 7. CY7C330 I/O 
Macro Cell Pair Shared Input MUX 
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PAL® C 20 Series 


OflE 'CYPRESS ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
, 
SEMICONDUCTOR 
Reprogrammable 
CMOS 
PAL® C 16L8, 16R8, 16R6, 16R4 


Features 


• 
CMOS 
EPROM 
technology 
for 
reprogrammability 


• 
High performance 
at quarter 
power 
- 
tPD = 25 ns 
- 
ts = 20 ns 


- 
tea = 15 ns 
-Ice 
= 
45mA 


• 
High performance 
at military 


temperature 
-tpD=20ns 
- 
ts = 20 ns 
- 
tea = 15 ns 
- 
Ice = 70 mA 


• 
Commercial 
and military 
temperature 
range 


• 
High reliability 
- 
Proven 
EPROM 
technology 


- 
> 1500V input protection 
from electrostatic 
discharge 
- 
100% AC/DC 
tested 
- 
10% power supply tolerances 
- 
High noise immunity 


- 
Security 
feature 
prevents 
pattern 
duplication 
- 
100% programming 
and 
functional 
testing 


Functional 
Description 


Cypress PAL C Series 20 devices are 
high speed electrically 
programmable 


and UV erasable logic devices pro- 
duced in a proprietary 
UN" well CMOS 
EPROM 
process. These devices utilize 


the sum of products 
(AND-OR) 
struc- 
ture providing 
users the ability to pro- 


Logic Symbols and DIP and SOJ Pinouts 
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gram custom logic functions serving 
unique requirements. 


PALs are offered in 20-pin plastic and 
ceramic DIP, Plastic SOJ, and ceramic 
LCC packages. The ceramic package 
can be equipped with an erasure win- 
dow; when exposed to UV light, the 
PAL is erased and can then be repro- 
grammed. 


Before programming, 
AND gates or 
• 
PRODUCT 
TERMS 
are connected 
via 


EPROM 
cells to both TRUE 
and 


COMPLEMENT 
inputs. Program- 
ming an EPROM 
cell disconnects 
an 


INPUT 
TERM 
from a PRODUCT 


TERM. 
Selective programming 
of 


these cells allows a specific logic func- 
tion to be implemented 
in a PAL C de- 


vice. PAL C devices are supplied in 
four functional 
configurations, 
desig- 
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nated 16R8, 16R6, 16R4 and 16L8. These eight devices 
have potentially 
16 inputs and 8 outputs configurable 
by 
the user. Output 
configurations 
of 8 registers, 8 combinato- 
rial, 6 registers and 2 combinatorial 
as well as 4 registers 


and 4 combinatorial 
are provided by the four functional 


variations 
of the product 
family. All combinatorial 
outputs 


on the 16R6 and 16R4 as well as 6 of the combinatorial 
outputs on the 16L8 may be used as optional inputs. All 
registered 
outputs 
have the Q bar side of the register fed 


back into the main array. The registers are automatically 
initialized 
on power up to Q output 
LOW and Q output 
HIGH. 
All unused inputs should be tied to ground. 


All PAL C devices feature a SECURITY 
function which 


provides the user protection 
for the implementation 
of pro- 


prietary logic. When invoked, the contents of the normal 
array may no longer be accessed in the verify mode. Be- 
cause EPROM 
technology 
is used as a storage mechanism, 
the content of the array is not visible under a microscope. 
The PAL C device also contains a PHANTOM 
ARRAY 


used for functional 
and performance 
testing. The content 


of this array is always accessible, even when security is 
invoked. 


Cypress PAL C products 
are produced 
in an advanced 
1.2 
micron "N" well CMOS EPROM 
technology. 
The use of 
this proven EPROM 
technology 
is the basis for a superior 


product 
with inherent 
advantages 
in reliability, testability, 
programming 
and functional 
yield. EPROM 
technology 
has the inherent 
advantage 
that all programmable 
elements 
may be programmed, 
tested and erased during the manu- 


facturing 
process. This also allows the device to be I()()% 
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functionally 
tested during manufacturing. 
An ability to 


preload the registers of registered devices during the testing 
operation 
makes the testing easier and more efficient. The 


PHANTOM 
ARRAY 
and PHANTOM 
operating 
mode 


allow the device to be tested for functionality 
and perform- 
ance after it has been packaged. 
Combining 
these inherent 
and designed-in 
features, an extremely 
high degree of func- 


tionality, 
programmability 
and assured AC performance 


are provided and testing becomes an easy task. 


The REGISTER 
PRELOAD 
allows the user to initialize 


the registered devices to a known state prior to testing the 
device, significantly 
simplifying and shortening 
the testing 


procedure. 


The PHANTOM 
MODE of operation 
provides a com- 
pletely separate operating 
mode where the functionality 
of 


the device along with its AC performance 
may be ascer- 


tained. The user need not be encumbered 
by programmed 
cells in the normal operating 
mode. This PHANTOM 


MODE of operation 
allows additional 
input lines to be pro- 
grammed 
to operate the PAL C device, exercising the de- 
vice functionally 
and allowing AC performance 
measure- 


ments to be made. The PHANTOM 
MODE of operation 
acknowledges 
only the INPUT 
TERMS 
shown shaded in 
the functional 
block diagrams. 
Likewise, the normal 


PHANTOM 
INPUT 
TERMS 
do not exist in the normal 


mode of operation. 
During the final stages of manufactur- 


ing, some cells in the PHANTOM 
ARRAY 
are pro- 
grammed 
for final AC and functional 
testing. These cells 


remain programmed, 
and may be used at incoming 
inspec- 
tion to verify both functional 
and AC performance. 


Geoeric 
Output 
Ice (mA) 
tPD (os) 
ts (os) 
teo (os) 
Part 
Logic 
Eoable 
Outputs 


Number 
L 
COM'L/IND 
-25 
-35 
-25 
-35 
-25 
-35 


16L8 
(8) 7-wide 
Programmable 
(6) Bidirectional 
45 
70 
25 
35 
- 
- 
- 
- 
AND-OR-Invert 
(2) Dedicated 


16R8 
(8) 8-wide AND-OR 
Dedicated 
Registered Inverting 
45 
70 
- 
- 
20 
30 
15 
25 


(6) 8-wide AND-OR 
Dedicated 
Registered Inverting 
16R6 
(2) 7-wide 
45 
70 
25 
35 
20 
30 
15 
25 
AND-OR-Invert 
Programmable 
Bidirectional 


(4) 8-wide AND-OR 
Dedicated 
Registered Inverting 
16R4 
(4) 7-wide 
45 
70 
25 
35 
20 
30 
15 
25 
AND-OR-Invert 
Programmable 
Bidirectional 


Geoeric 
Output 
Ice 
tPD (os) 
ts (os) 
teo(os) 
Part 
Logic 
Outputs 
Number 
Eoable 
(mA) 
-20 
-30 
-40 
-20 
-30 
-40 
-20 
-30 
-40 


16L8 
(8) 7-wide 
Programmable 
(6) Bidirectional 
70 
20 
30 
40 
- 
- 
- 
- 
AND-OR-Invert 
(2) Dedicated 
- 
- 


16R8 
(8) 8-wide AND-OR 
Dedicated 
Registered Inverting 
70 
- 
- 
- 
20 
25 
35 
15 
20 
25 
(6) 8-wide AND-OR 
Dedicated 
Registered Inverting 
16R6 
(2) 7-wide 
70 
20 
30 
40 
20 
25 
35 
15 
20 
25 


AND-OR-Invert 
Programmable 
Bidirectional 


(4) 8-wide AND-OR 
Dedicated 
Registered Inverting 
16R4 
(4) 7-wide 
70 
20 
30 
40 
20 
25 
35 
15 
20 
25 


AND-OR-Invert 
Programmable 
Bidirectional 


~ 
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Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65°C 
to + 150°C 
UV Exposure 
7258 Wsec/cm2 


Ambient 
Temperature 
with 
Static Discharge 
Voltage 
> 1500V 
Power Applied 
- 55°C to + 125°C 
(per MIL-STD-883 
Method 3015) 


Supply Voltage to Ground 
Potential 
Latchup 
Current 
> 200 mA 
(Pin 20 to Pin 10) 
-O.SY to + 7.0V 
Operating 
Range 


DC Voltage Applied to Outputs 
in High Z State 
-0.5V 
to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


Output 
Current 
into Outputs 
(Low) 
24 mA 


DC Programming 
Voltage 
............•..••..... 
14.0V 


Range 
Ambient 
Vee 
Temperature 


Commercial 
O°Cto + 75°C 
5V ± 10% 


Military[7] 
- 5SOCto + 125°C 
5V ± 10% 


Industrial 
-40°C to + 85°C 
5V ± 10% 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


Vee = Min. 
IOH = -3.2 mA 
Commercial/Industrial 


VOH 
Output HIGH Voltage 
2.4 
V 
VIN = VIH or VIL 
IOH = -2mA 
Military 


Vee ~ Min. 
IOL = 24mA 
Commercial/Industrial 


VOL 
Output LOW Voltage 
0.4 
V 
VIN = VIH or VIL 
IOL ~ 12mA 
Military 


VIH 
Input HIGH Level 
Guaranteed Input Logic HIGH!II Voltage for all Inputs 
2.0 
V 


VIL 
Input LOW Level 
Guaranteed Input Logical LOW!II Voltage for all Inputs 
0.8 
V 


IIX 
Input Leakage Current 
VSSS VIN s Vee 
-10 
10 
IJ-A 
Vpp 
Programming Voltage 
Ipp = 50 mA Max. 
13.0 
14.0 
V 


Ise 
Output Short Circuit 
Vee = Max., VOUT = 0.5V[2] 
-300 
mA 
Current 


All Inputs = GND, 
"L" 
45 
mA 


Ice 
Power Supply Current 
Vee = Max., 
COM'L/IND 
70 
mA 
lOUT ~ 0 mA!51 


MIL 
70 
mA 


Ioz 
Output Leakage Current 
Vee = Max., Vss s VOUTs Vcc 
-100 
100 
IJ-A 


Table 1 


Parameter 
Vx 
Output Waveform-Measurement 
Level 


tpxz{ -) 
1.5V 
VOH 


O~ 
v, 
0038-26 


tpxz{+) 
2.6V 


O~ 


v, 


VOL 


0038-27 


tpzx(+) 
Vthc 
+-t:= 


VOH 


v, 


0038-28 


tpzx(-) 
Vthc 
v, 
4nt= 


VOL 
0038-29 


tER(-) 
I.5V 
VOH 


O~ 


V, 
0038-26 


tER(+) 
2.6V 


O~ 


V, 


VOL 
0038-27 


lEA(+) 
Vthc 
rt= 


VOH 


V, 


0038-28 


tEA(-) 
Vthc 
V, 
4nt= 


VOL 
0038-29 


4-9 


• 
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Capacitance 
[3] 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input 
Capacitance 
T A = 2YC, 
f = I MHz 
10 


COUT 
Output 
Capacitance 
VIN = O. Vcc 
= 5.0V 
10 
pF 


Commercialllndustrial 
Military 


Parameters 
Description 
-25 
-35 
-20 
-30 
-40 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


tpD 
Input 
or Feedback 
to Non-Registered 
25 
35 
20 
30 
40 
ns 
Output 
16L8. 16R6, 
16R4 


tEA 
Input 
to Output 
Enable 
16L8, 16R6. 
16R4 
25 
35 
20 
30 
40 
ns 


tER 
Input 
to Output 
Disable 
16L8. 16R6, 
16R4 
25 
35 
20 
30 
40 
ns 


tpzx 
Pin 
II to Output 
Enable 
16R8. 
16R6, 
16R4 
20 
25 
20 
25 
25 
ns 


tpxz 
Pin II to Output 
Disable 
16R8, 
16R6, 
16R4 
20 
25 
20 
25 
25 
ns 


tco 
Clock 
to Output 
16R8. 
16R6, 
16R4 
IS 
25 
IS 
20 
25 
ns 


ts 
Input 
or Feedback 
Setup Time 
16R8, 
20 
30 
20 
25 
35 
ns 
16R6,16R4 


tH 
Hold Time 
16R8. 
16R6, 
16R4 
0 
0 
0 
0 
0 
ns 


tp 
Clock 
Period 
35 
55 
35 
45 
60 
ns 


tw 
Clock 
Width 
IS 
20 
12 
20 
25 
ns 


fMAX 
Maximum 
Frequency 
28.5 
18 
28.5 
22 
16.5 
MHz 


Notes: 
I. These 
are absolute 
values 
with respect 
to device 
ground 
and all over- 
shoots 
due to system 
or tester noise 
are included. 


2. Not more 
than one output 
should 
be tested 
at a time. 
Duration 
of the 
short circuit should not be more than one second. VOUT = O.5Y has 
been chosen 
to avoid 
test problems 
caused 
by tester ground 
degrada- 


tion. 


3. Tested 
initially 
and after any design 
or process 
changes 
that may 
affect 
these 
parameters. 


4. Figure 
10 test load used for all parameters 
except 
lEA. tER tpzx 
and 
tpXZ· Figure 
lb test load used for tEA, lER. tpzx and tpxz. 


5. ICC(AC)= (0.6 mA/MHz) 
X (Operating Frequency in MHz) + 


ICC(DC)· ICqDC) 
is measured 
with an unprogrammed 
device. 
6. See the last page of this specification 
for Group 
A subgroup 
testing 
information. 


7. TA is the "instant 
on" case temperature. 


8. The parameters 
tER and tpxz 
are measured 
as the delay 
from the 


input disable 
logic threshold 
transition 
to VOH - 
O.SV for an enabled 


HIGH 
output 
or VOL + O.SV for an enabled 
LOW output. 
Please 
see 


Table 
1 for waveforms 
and measurement 
reference 
levels. 


Rl 175 H 
5V=rl 


OUTPUT 


50 
F 
R2 
I p 
-:-'33" 


Rl175n 
5v=n 


OUTPUT 


5 pF 
R2 
I 
-=- 1330 


Equivalent 
to: 


THEVENIN 
EQUIVALENT 
COMMERCIAL 


75n 


OUTPUT~2.16V=V1hc 
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5V=rl 5v=n 


OUTPUT 
OUTPUT 


50pF 
R2 
5 
F 
R2 
I 
2410 
I p 
24111 


-=- 
'"=" 
-=- 
'"=" 


143n 
OUTPUT~ 
211 
V = Vttm 
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INPUTS. 
110. 


REGISTERED 
FEEDBACK 


_ 
___________ 
"0 
~:::::-- 
••• 
_:: 
__ 
tE_A_ 
COMBINATORIAL 


OUTPUTS: 


Erasure Characteristics 


Wavelengths 
of light less than 4000 Angstroms 
begin to 
erase the PAL C device. For this reason, an opaque label 
should be placed over the window if the device is exposed 
to sunlight or fluorescent 
lighting for extended periods of 


time. In addition, 
high ambient light levels can create hole- 


electron pairs which may cause "blank" 
check failures or 


"verify errors" 
when programming 
"windowed" 
parts. 
This phenomenon 
can be avoided by use of an opaque label 


over the window during programming 
in high ambient 
light environments. 


The recommended 
dose for erasure is ultraviolet 
light with 


a wavelength 
of2537 
Angstroms 
for a minimum 
dose (UV 
intensity x exposure time) of 25 Wsec/cm2. 
For an ultravi- 


olet lamp with a 12 mW /cm2 power rating, the exposure 
would be approximately 
35 minutes. The PAL C device 
needs to be placed within 
I inch of the lamp during era- 


sure. Permanent 
damage may result if the device is exposed 


to high intensity 
UV light for an extended period of time. 


7258 Wsec/cm2 
is the recommended 
maximum 
dosage. 


12 inclusive). In the unprogrammed 
state, all inputs are 


connected 
to product 
terms. A "I" 
on a data line causes a 


cell to be programmed, 
disconnecting 
an INPUT 
TERM 


from a PRODUCT 
TERM. 
During verify, an unpro- 


grammed 
cell causes a "I" 
to appear on the output, 
while a 


programmed 
cell will appear as a "0". Table 4 describes 


the operating 
modes of the device and the programming 


waveforms are described in Figures 6 through 
9. The actual 


sequence required to program 
a cell is described in Figure 5 


and applies for programming 
either standard 
or phantom 


portions of the array. The security bit should be pro- 
grammed 
using a single 10 ms pulse, and verified per Fig- 
ure 9. 


v", 
Vccp 


Ao 
Do 


A, 
D, 


A2 
D2 


A3 
D3 
~ 
D. 


A,; 
Ds 


••• 
D• 


A, 
D, 


vss 
PGM/OI: 


Programming 


PAL C devices are programmed 
a BYTE at a time using a 
voltage to transfer electrons 
to a floating gate. The array 


programmed 
is addressed 
as memory of 256 bytes, using 


address Tables 5 and 6. These addresses are supplied to the 
device over Pins 2 through 
9. The data to be programmed 
is supplied on data inputs DO through 
D7 (Pins 19 through 


DC Programming Parameters Ambient Temperature 
= 25°C 
Table 2 


Parameter 
Description 
Min. 
Max. 
Units 
Notes 


Vpp 
Programming Voltage 
13.0 
14.0 
V 


Vccp 
Supply Voltage During Programming 
4.75 
5.25 
V 


VIHp 
Programming Input High Voltage 
3.0 
V 


VILp 
Programming Input Low Voltage 
0.4 
V 


VOH 
Output High Voltage 
2.4 
V 
1 


VOL 
Output Low Voltage 
0.4 
V 
I 


Ipp 
Programming Supply Current 
50 
mA 


• 
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AC Programming 
Parameters 
Ambient 
Temperature 
= 25°C 
Table 3 


Parameter 
Description 
Min. 
Max. 
Units 
Notes 


tpp 
Programming Pulse Width 
100 
10,000 
p.s 
2 


ts 
Setup Time 
1.0 
p.s 


tH 
Hold Time 
1.0 
p.s 


tr• tf 
Vpp Rise and Fall Time 
1.0 
p.s 
2 


tVD 
Delay to Verify 
1.0 
p.s 


tvp 
Verify Pulse Width 
2.0 
p.s 


tDV 
Verify to Data Valid 
20.0 
p.s 


tDZ 
Verify to High Z 
1.0 
p.s 


Pin Name 
Vpp 
PGM/OE 
Al 
A2 
A3 
A4 
AS 
D7-DO 


Pin Number 
(1) 
(11) 
(3) 
(4) 
(5) 
(6) 
(7) 
(12-19) 
Notes 


Operating Modes 


PAL 
X 
X 
X 
X 
X 
X 
X 
Programmed Function 
3,4 


Program PAL 
Vpp 
Vpp 
X 
X 
X 
X 
X 
Data In 
3,5 


Program tnhibit 
Vpp 
VIHP 
X 
X 
X 
X 
X 
HighZ 
3,5 


Program Verify/Blank Check 
Vpp 
VILP 
X 
X 
X 
X 
X 
Data Out 
3,5, 11 


Phantom PAL 
X 
X 
X 
X 
X 
Vpp 
X 
Programmed Function 
3,6 


Program Phantom PAL 
Vpp 
Vpp 
X 
X 
X 
X 
Vpp 
Data In 
3, 7 


Phantom Program Inhibit 
Vpp 
VIHP 
X 
X 
X 
X 
Vpp 
HighZ 
3, 7 


Phantom Program Verify 
Vpp 
VILP 
X 
X 
X 
X 
Vpp 
Data Out 
3,7 


Program Security Bit 
Vpp 
Vpp 
Vpp 
X 
X 
X 
X 
HighZ 
3,8 


Verify Security Bit 
X 
X 
Note 9 
Vpp 
X 
X 
X 
High Z 
3 


Register Preload 
X 
X 
X 
X 
Vpp 
X 
X 
Data In 
3,10 
Notes: 
1. During verify operation 
2. Measuredat 10%and 90% points 
3. Vss < X < Vccp 
4. All "X" inputs operational per normal PAL function. 
5. Address inputs occupy Pins 2 thru 9 inclusive, for both programming 
and verification see programming address Tables 5 and 6. 
6. All "X" inputs operational per normal PAL function except that they 


operate on the function that occupies the phantom array. 
7. Address inputs occupy Pins 2 thru 9 inclusive, for both programming 
and verification see programming address Tables 5 and 6. Pin 7 


The programmable 
array is addressed 
as a basic 256 by 8 


memory structure 
with a duplication 
of the phantom 
array 


located at the same addresses as columns 0, I, 2 and 3. The 
ability to address the phantom 
array as differentiated 
from 


the first 4 columns of the normal array is accomplished 
by 


taking Pin 7 to Vpp and entering the phantom 
mode of 


operation 
as shown in Tables 4 and 6. In either case, phan- 


tom or normal, product 
terms are addressed 
in groups of 8 


per Table 5. Notice that this is accomplished 
by modulo 
8 


is used to select the phantom mode of operation and must be taken to 
Vpp before selecting phantom program operation with Vpp on Pin l. 


8. See Figure 8 for security programming sequence. 
9. The state of Pin 3 indicates if the security function has been invoked 
or not. If Pin 3 = VOLsecurity is in effect, if Pin 3 = VOH, the data 
is unsecured and may be directly accessed. 


10.For testingpurposes,the output latchon the 16R8, I6R6 and 16R4 


may be preloaded with data from the appropriate associated output 
line. 


II. It isnecessaryto togglePin 1I (OE)HIGH duringall addresstran- 


sitions while in the Program Verify or Blank Check mode. 


selecting every eighth product 
term starting 
with 0, 8, 16, 


24, 32,40,48 
and 56 corresponding 
to PROGRAMMED 


DATA 
INPUT 
on DO through 
D7 respectively 
and incre- 


menting each product 
term by one until all 64 PRODUCT 


TERMS 
are addressed. 
Each of the INPUT 
TERMS 
is 


addressed 
8 times corresponding 
to the 8 groups of individ- 


ual product 
terms addressed 
before being incremented. 


5n~~[XK;fa< 
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Product Term Addresses 


Binary Addresses 


Pin Numbers 
Line Number 


(4) 
(3) 
(2) 


VILP 
VILP 
VILP 
0 
8 
16 
24 
32 
40 
48 
56 


VILP 
VILP 
VIHP 
1 
9 
17 
25 
33 
41 
49 
57 


VILP 
VIHP 
VILP 
2 
10 
18 
26 
34 
42 
50 
58 


VILP 
VIHP 
VIHP 
3 
11 
19 
27 
35 
43 
51 
59 


VIHP 
VILP 
VILP 
4 
12 
20 
28 
36 
44 
52 
60 


VIHP 
VILP 
VIHP 
5 
13 
21 
29 
37 
45 
53 
61 


VIHP 
VIHP 
VILP 
6 
14 
22 
30 
38 
46 
54 
62 


VIHP 
VIHP 
VIHP 
7 
15 
23 
31 
39 
47 
55 
63 


DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 


Programmed Data Input 


Input Term Addresses 


Input 
Binary Addresses 


Term 
Pin Numbers 
Numbers 
(9) 
(8) 
(7) 
(6) 
(5) 


0 
VILP 
VILP 
VILP 
VILP 
VILP 


1 
VILP 
VILP 
VILP 
VILP 
VIHP 


2 
VILP 
VILP 
VILP 
VIHP 
VILP 


3 
VILP 
VILP 
VILP 
VIHP 
VIHP 


4 
VILP 
VILP 
VIHP 
VILP 
VILP 


5 
VILP 
VILP 
VIHP 
VILP 
VIHP 


6 
VILP 
VILP 
VIHP 
VIHP 
VILP 


7 
VILP 
VILP 
VIHP 
VIHP 
VIHP 


8 
VILP 
VIHP 
VILP 
VILP 
VILP 


9 
VILP 
VIHP 
VILP 
VILP 
VIHP 


10 
VILP 
VIHP 
VILP 
VIHP 
VILP 


II 
VILP 
VIHP 
VILP 
VIHP 
VIHP 


12 
VILP 
VIHP 
VIHP 
VILP 
VILP 


13 
VILP 
VIHP 
VIHP 
VILP 
VIHP 


14 
VILP 
VIHP 
VIHP 
VIHP 
VILP 


15 
VILP 
VIHP 
VIHP 
VIHP 
VIHP 


16 
VIHP 
VILP 
VILP 
VILP 
VILP 


17 
VIHP 
VILP 
VILP 
VILP 
VIHP 


Input Term Addresses 


Input 
Binary Addresses 


Term 
Pin Numbers 
Numbers 
(9) 
(8) 
(7) 
(6) 
(5) 


18 
VIHP 
VILP 
VILP 
VIHP 
VILP 


19 
VIHP 
VILP 
VILP 
VIHP 
VIHP 


20 
VIHP 
VILP 
VIHP 
VILP 
VILP 


21 
VIHP 
VILP 
VIHP 
VILP 
VIHP 


22 
VIHP 
VILP 
VIHP 
VIHP 
VILP 


23 
VIHP 
VILP 
VIHP 
VIHP 
VIHP 


24 
VIHP 
VIHP 
VILP 
VILP 
VILP 


25 
VIHP 
VIHP 
VILP 
VILP 
VIHP 


26 
VIHP 
VIHP 
VILP 
VIHP 
VILP 


27 
VIHP 
VIHP 
VILP 
VIHP 
VIHP 


28 
VIHP 
VIHP 
VIHP 
VILP 
VILP 


29 
VIHP 
VIHP 
VIHP 
VILP 
VIHP 


30 
VIHP 
VIHP 
VIHP 
VIHP 
VILP 


31 
VIHP 
VIHP 
VIHP 
VIHP 
VIHP 


PO 
VILP 
VILP 
Vpp 
X 
X 


PI 
VILP 
VIHP 
Vpp 
X 
X 


P2 
VIHP 
VILP 
Vpp 
X 
X 


P3 
VIHP 
VIHP 
Vpp 
X 
X 


~p= 
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START 
Vccp~5.0V 
Vpp=13.5V 


1 


ADDR 
l$T 


LOCATION 
! 


M~O 
! 


PROGRAM 
ONE 
PULSE 


OFO.2 
msec 


1 
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1 


M ~ 
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!NO 


VERIFY 


FAIL 
ONE 
BYTE? 


1 PASS 


PROGRAM 
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PULSE 
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(M)msec 
1 
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VERIFY 
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BYTE 
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FAIL 
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PASS 
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INCREMENT I 
LAST 


I 
ADDR 
I 
NO 
ADDRESS] 


I YES 


READ 
I 
1 
ALL 
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REJECT 


Veep 
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FAil 
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DEVICE 
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1 PASS 


PROGRAM 


COMPLETE 


GOOD 
DEVICE 
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VIHP - 
- 
-- 


ADDRESS 


VILP 
- 
- 
-- 


V1HP 
- 
- 
-- 


Vpp 


VILP 
- 
- 
-- 


VIHP 
- 
- 
-- 


PGM/DE 


VILP 
- 
- 
-- 


VIHP- 
- 
- 


ADDRESS 


VILP- 
-- 


VIHP- 
-- 


DATA 


VILP- 
-- 


VIHP- 
-- 


PGM/DE 


VILP~ 
-- 


VIHP 
_ 


Vpp 


VILP 
- 
- 
-- 


VIHP 
- 
- 
-- 


PGM/Of 


VILP 
- 
- 
-- 


VIHP 
- 
- 
-- 


DATA 


VILP 
- 
- 
-- 


VIHP 
- 
- 
-- 


A2 


VtLP 
- 
- 
-- 
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Functional 
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Logic Diagram PAL C 16R8 
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Typical DC and AC Characteristics 


NORMALIZED 
SUPPLY CURRENT 


vs. SUPPLY 
VOLTAGE 
1.4 


§ 
::i 
1.0 
«~ 
o 
z 
0.8 


TA 
•• 25°C 
'-MAX. 


5.5 


NORMALIZED 
PROPAGATION 
DELAY 


V5. TEMPERATURE 
1.3 


NORMALIZED 
SUPPLY CURRENT 


V5. AMBIENT TEMPERATURE 
1.6 


§ 
:; 
ct 
1.0 
,. 
a:oz 


DELTA PROPAGATION 
TIME 


V5. OUTPUT 
LOADING 
20.0 


NORMALIZED 
CLOCK TO OUTPUT 
TIME 
V5. SUPPLY VOLTAGE 
1.1 


OUTPUT SINK CURRENT 


V5. OUTPUT VOLTAGE 
200 


NORMALIZED 
PROPAGATION 


DELA Y vs. SUPPLY VOLTAGE 


1.2 


0 
1.1 


S 
N 
1.0 
:;«~ 
0z 


0.9 


NORMALIZED 
SETUP TIME 


vs. SUPPLY VOLTAGE 


1.2 


NORMALIZED 
CLOCK 


TO OUTPUT 
TIME 
vs. TEMPERATURE 


1.4 


1.3 


0!! 
~ 
1.2 


:;« 
1.1 
,. 
a:0z 
1.0 


OUTPUT SOURCE CURRENT 
vs. VOLTAGE 


140 


;; 
.§ 
120 
... 


~ 
100 
a 
80 


wu 
a: 
::> 
iil 
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tpD 
ts 
teo 
Ice 
Ordering Code 
Package 
Operating 
(ns) 
(ns) 
(ns) 
(mA) 
Range 


20 
- 
- 
70 
PAL C 16L8-20DMB 
D6 
Military 


PAL C 16L8-20LMB 
L61 


PAL C 16L8-20WMB 
W6 


PAL C 16L8-20KMB 
K71 


PAL C 16L8-20QMB 
Q61 


25 
- 
- 
45 
PAL C 16L8L-25PC 
P5 
Commercial 


PAL C 16L8L-25VC 
V5 


PAL C 16L8L-25LC 
L61 


PAL C 16L8L-25WC 
W6 


70 
PAL C 16L8-25PC/PI 
P5 


PAL C 16L8-25VC/VI 
V5 


PAL C 16L8-25LC 
L61 


PAL C 16L8-25WC/WI 
W6 


30 
- 
- 
70 
PAL C 16L8-30DMB 
D6 
Military 


PAL C 16L8-30LMB 
L61 


PAL C 16L8-30WMB 
W6 


PAL C 16L8-30KMB 
K71 


PAL C 16L8-30QMB 
Q61 


35 
- 
- 
45 
PAL C 16L8L-35PC 
P5 
Commercial 


PAL C 16L8L-35VC 
V5 


PAL C 16L8L-35LC 
L61 


PAL C 16L8L-35WC 
W6 


70 
PAL C 16L8-35PC/PI 
P5 


PAL C 16L8-35VC/VI 
V5 


PAL C 16L8-35LC 
L61 


PAL C 16L8-35WC/WI 
W6 


40 
- 
- 
70 
PAL C 16L8-40DMB 
D6 
Military 


PAL C 16L8-40LMB 
L61 


PAL C 16L8-40WMB 
W6 


PAL C 16L8-40KMB 
K7l 


PAL C 16L8-40QMB 
Q61 


20 
20 
15 
70 
PAL C 16R4-20DMB 
D6 
Military 


PAL C 16R4-20LMB 
L61 


PAL C 16R4-20WMB 
W6 


PAL C 16R4-20KMB 
K71 


PAL C 16R4-20QMB 
Q61 


25 
20 
15 
45 
PAL C 16R4L-25PC 
P5 
Commercial 


PAL C 16R4L-25VC 
V5 


PAL C 16R4L-25LC 
L61 


PAL C 16R4L-25WC 
W6 


70 
PAL C 16R4-25PC/PI 
P5 


PAL C 16R4-25VC/VI 
V5 


PAL C 16R4-25LC 
L61 


PAL C 16R4-25WC/WI 
W6 


~ 
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Ordering Information (Continued) 


tPD 
ts 
teo 
Ice 
Ordering Code 
Package 
Operating 
(ns) 
(ns) 
(ns) 
(mA) 
Range 


30 
25 
20 
70 
PAL C 16R4-300MB 
06 
Military 


PAL C 16R4-30LMB 
L61 


PAL C 16R4-30WMB 
W6 


PAL C 16R4-30KMB 
K71 


PAL C 16R4-30QMB 
Q61 


35 
30 
25 
45 
PAL C 16R4L-35PC 
P5 
Commercial 


PAL C 16R4L-35YC 
Y5 


PAL C 16R4L-35LC 
L61 


PAL C 16R4L-35WC 
W6 


70 
PAL C 16R4-35PC/PI 
P5 


PAL C 16R4-35YC/YI 
Y5 


PAL C 16R4-35LC 
L61 


PAL C 16R4-35WC/WI 
W6 


40 
35 
25 
70 
PAL C 16R4-400MB 
06 
Military 


PAL C 16R4-40LMB 
L61 


PAL C 16R4-40WMB 
W6 


PAL C 16R4-40KMB 
K71 


PAL C 16R4-4OQMB 
Q61 


20 
20 
15 
70 
PAL C 16R6-200MB 
06 
Military 


PAL C 16R6-20LMB 
L61 


PAL C 16R6-20WMB 
W6 


PAL C 16R6-20KMB 
K71 


PAL C 16R6-2OQMB 
Q61 


25 
20 
15 
45 
PALC 
16R6L-25PC 
P5 
Commercial 


PAL C 16R6L-25YC 
Y5 


PAL C 16R6L-25LC 
L61 


PAL C l6R6L-25WC 
W6 


70 
PAL C 16R6-25PC/PI 
P5 


PAL C 16R6-25YC/YI 
Y5 


PAL C 16R6-25LC 
L61 


PAL C 16R6-25WC/WI 
W6 


30 
25 
20 
70 
PALC 
16R6-300MB 
06 
Military 


PAL C 16R6-30LMB 
L61 


PAL C 16R6-30WMB 
W6 


PAL C 16R6-30KMB 
K71 


PAL C 16R6-3OQMB 
Q61 


35 
30 
25 
45 
PALC 
16R6L·35PC 
P5 
Commercial 


PAL C 16R6L-35YC 
Y5 


PAL C 16R6L-35LC 
L61 


PAL C 16R6L-35WC 
W6 


70 
PAL C 16R6-35PC/PI 
P5 


PAL C 16R6-35YC/YI 
Y5 


PAL C 16R6-35LC 
L61 


PAL C 16R6-35WC/WI 
W6 


tPD 
ts 
teo 
lee 
Ordering Code 
Package 
Operating 


(ns) 
(ns) 
(ns) 
(mA) 
Range 


40 
35 
25 
70 
PAL C 16R6-400MB 
06 
Military 


PAL C 16R6-40LMB 
L61 


PAL C 16R6-40WMB 
W6 


PAL C 16R6-40KMB 
K71 


PAL C 16R6-40QMB 
Q61 


- 
20 
15 
70 
PAL C 16R8-200MB 
06 
Military 


PAL C 16R8-20LMB 
L61 


PAL C 16R8-20WMB 
W6 


PAL C 16R8-20KMB 
K71 


PAL C 16R8-20QMB 
Q6! 


- 
20 
15 
45 
PAL C 16R8L-25PC 
P5 
Commercial 


PAL C 16R8L-25VC 
V5 


PAL C 16R8L-25LC 
L61 


PAL C 16R8L-25WC 
W6 


70 
PAL C 16R8-25PC/Pl 
P5 


PAL C 16R8-25VC/Vl 
V5 


PAL C 16R8-25LC 
L61 


PAL C 16R8-25WC/Wl 
W6 


- 
25 
20 
70 
PAL C 16R8-300MB 
06 
Military 


PAL C 16R8-30LMB 
L61 


PAL C 16R8-30WMB 
W6 


PAL C 16R8-30KMB 
K71 


PAL C 16R8-30QMB 
Q61 


- 
30 
25 
45 
PAL C 16R8L-35PC 
P5 
Commercial 


PAL C 16R8L-35VC 
V5 


PAL C 16R8L-35LC 
L61 


PAL C 16R8L-35WC 
W6 


70 
PAL C l6R8-35PC/PI 
P5 


PAL C 16R8-35VC/Vl 
V5 


PAL C 16R8-35LC 
L61 


PAL C 16R8-35WC/Wl 
W6 


- 
35 
25 
70 
PAL C 16R8-400MB 
06 
Military 


PAL C 16R8-40LMB 
L61 


PAL C 16R8-40WMB 
W6 


PAL C 16R8-40KMB 
K7l 


PAL C l6R8-40QMB 
Q61 


~ 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IIX 
1,2,3 


Vpp 
1,2,3 


Ice 
1,2,3 


IOZ 
1,2,3 
• 


Parameters 
Subgroups 


IPD 
9,10,11 


lpzx 
9,10,11 


leo 
9,10,11 


ts 
9,10,11 


tH 
9,10,11 


-- 
~ 
_. _...••... 
'fiE-'CYPRESS 
F 
SEMICONDUCTOR 


Features 


• 
Fast 
- 
Commercial: 
tPD 
12 ns, 


teo 
= 10 ns, ts = 10 ns 
- 
Military IIndustrial: 
tpD = 15 ns, teo 
= 12 ns, 
ts = 12 ns 


• 
Low power 
- 
Ice 
max.: 110 mA 


• 
Commercial, 
industrial, 
and 
military 
temperature 
range 


• 
User-programmable 
output 
cells 
- 
Selectable 
for registered 
or 
combinatorial 
operation 
- 
Output 
polarity 
control 


- 
Output 
enable source 


selectable 
from pin 11 or 
product 
term 


eM os Generic 20 Pin 


Programmable 
Logic Device 


• 
Generic 
architecture 
to replace 
standard 
logic functions 
including: 
10H8, 
12H6, 
14H4, 


16H2, 
10LS, 12L6, 14L4, 16L2, 
10P8, 12P6, 14P4, 16P2, 16H8, 
16L8, 16P8, 16R8, 16R6, 16R4, 
16RP8, 
16RP6, 
16RP4, 
18P8, 


16V8 


• 
Eight product 
terms and one OE 
product 
term per output 


• 
CMOS 
EPROM 
technology 
for 
reprogrammability 


• 
Highly 
reliable 
- 
Uses proven EPROM 
technology 
- 
Fully AC and DC tested 


- 
Security 
feature 
prevents 


logic pattern 
duplication 
- 
> 2000V input protection 
for 


electrostatic 
discharge 
., 


Functional 
Description 


Cypress PLD devices are high speed 
electrically 
programmable 
Logic De- 


vices. These devices utilize the sum of 
products 
(AND-OR) 
structure 
provid- 


ing users the ability to program 
custom 


logic functions 
for unique require- 
ments. 


In an unprogrammed 
state the AND 


gates are connected 
via EPROM 
cells 


to both the true and complement 
of ev- 
ery input. By selectively programming 
the EPROM 
cells, AND gates may be 


I/O 
I/O 
I/O 
I/O 
Vce 


0139-1 


PLCC Pinout 
~ 
u 0 
u 
>u :::::- 


I/o 


I/o 


16 
I/O 


15 
I/O 


I/O 


- 
~I~ ~ ~ 
> 
"::> 
- 
- 


0139-3 


~ 
PLDC18G8 
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Generic 
lee (mA) 
tPD (ns) 
ts 
teo 
Part 


Number 
Com 
Mil/Ind 
Com 
Mil/Ind 
Com 
Mil/Ind 
Com 
Mil/Ind 


18G8-12 
90 
12 
10 
10 


18G8-15 
90 
110 
IS 
IS 
12 
12 
12 
12 


18G8-15L 
70 
15 
12 
12 


18G8-20 
110 
20 
IS 
IS 


Functional Description (Continued) 


connected 
to either the true or complement 
or disconnect- 


ed from both true and complement 
inputs. 


Cypress PLD C 18G8 uses an advanced 
0.8 micron CMOS 
technology 
and a proven EPROM 
cell as the programma- 


ble element. This technology 
and the inherent 
advantage 
of 
being able to program 
and erase each cell enhances the 
reliability 
and testability 
of the circuit. This reduces the 
burden on the customer 
to test and to handle rejects. 


A preload function allows the registered outputs 
to be pre- 


set to any pattern 
during testing. Preload is important 
for 
testing the functionality 
of the Cypress PLD deVIce. 


18G8 Functional Description 


The PLD C 18G8 is a generic 20 pin device that can be 
programmed 
to logic functions 
which include but are not 
limited to: IOH8, 12H6, 14H4, 16H2, IOL8, 12L6, 14L4, 
16L2, IOP8, 12P6, 14P4, 16P2, 16H8, 16L8, 16P8, 16R8, 
16R6, 16R4, 16RP8, 16RP6, 16RP4, 18P8, 16V8. Thus, 
the PLD C 18G8 provides significant design, inventory 
and 
programming 
flexibility over dedicated 
20 pin devices ..It is 


executed in a 20 pin 300 mil molded DIP and a 300 mIl 
windowed 
Cerdip. It provides up to 18 inputs and 8 out- 
puts. When the windowed 
CERDIP 
is exposed to UV 
light, the 18G8 is erased and then can be reprogrammed. 


The Programmable 
Output 
Cell provides the capability 
of 
defining the architecture 
of each output individually. 
Each 


of the 10 output cells may be configured 
with "REGIS- 


TERED" 
or "COMBINATORIAL" 
outputs, 
"ACTIVE 
HIGH" 
or "ACTIVE 
LOW" outputs, 
and "PRODUCT 
TERM" 
or "PIN 
II" generated 
output enables. Four Ar- 


chitecture 
Bits determine 
the configurations 
as shown in 
Table I. A total of sixteen different configurations 
are pos- 


sible. The default or unprogrammed 
state is REGIS- 


TERED/ 
ACTIVE/LOW/Pin 
II OE. The entire Program- 


mable Output 
Cell is shown in Figure 1. 


The architecture 
bit 'CI' controls the REGISTERED/ 
COMBINATORIAL 
option. In either "COMBINA 
TO- 


RIAL" 
or "REGISTERED" 
configuration, 
the output can 


serve as an I/O pin, or if the output 
is disabled, as an input 


only. Any unused inputs should be tied to ground. 
In either 


"REGISTERED" 
or "COMBINATORIAL" 
configura- 
tion, the output of the register may be fed back to the 
array. This allows the creation of state machines by pro- 


viding storage and feedback of the current 
system state .. 
The register is clocked by the signal from PIn I. The .!:egls- 
ter is initialized on power up to Q output 
LOW and Q 


output 
HIGH. 


In both the Combinatorial 
and Registered 
configurations, 


the source of the "OUTPUT 
ENABLE" 
signal can be indi- 
vidually chosen with architecture 
bit 'C2'. The OE signal 
may be generated 
within the array, or from the external 
OE pin (Pin II). The Pin II allows direct control of the 
outputs, 
hence having faster enable/disable 
times. 


Each output cell can be configured 
for "OUTPUT 
PO- 


LARITY". 
The output can be either Active HIGH 
or Ac- 
tive LOW. This option is controlled 
by architecture 
bit 
'CO'. 


Along with this increase in functional 
density, the Cypress 


PLD C 18G8 provides lower power operatIon 
through 
th.e 


use of CMOS technology, 
increased testabilIty With a regis- 
ter preload feature and guaranteed 
AC performance 
through 
the use of a phantom 
array. The phantom 
array 


allows the 18G8 to be programmed 
with a test pattern 
and 
tested prior to shipment 
for full AC specifications 
without 


using any of the functionality 
of the device specified for the 


product 
application. 
In addition, 
this same phantom 
array 


may be used to test the PLD C 18G8 at IncomIng Inspec- 
tion before committing 
the device to a specific function 
through 
programming. 


• 


~J;;~NDUcrOR 
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Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
~ 65°C to + 150°C 
Static Discharge 
Voltage 
> 200 IV 
Ambient 
Temperature 
with 
(per MIL-STD-883 
Method 
3015) 


Power Applied 
- 55°C to + 125°C 
Latchup 
Current 
> 200 mA 


Supply Voltage to Ground 
Potential 
-0.5V 
to + 7.0V 
Operating Range 


DC Voltage Applied to Outputs 
in High Z State 
-0.5V 
to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


Output 
Current 
into Outputs 
(Low) 
24 mA 


DC Programming 
Voltage 
13.0V 


Range 
Ambient 
Vcc 
Temperature 


Commercial 
O°Cto +75°C 
5V ±5% 


Industrial 
-40°C 
to + 85°C 
5V ± 10% 


Military [7] 
- 55°C to + 125°C 
5V ± 10% 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
VCC = Min. 
IOH = -3.2mA 
Commercial 
2.4 
V 
VIN = VIH or VIL 
IOH = - 2mA 
Military/Industrial 


VOL 
Output LOW Voltage 
Vcc = Min. 
IOL = 24mA 
Commercial 
0.5 
V 
VIN = VIH or VIL 
IOL = 12mA 
Military/Industrial 


VIH 
Input HIGH Level 
Guaranteed Input Logical HIGH[I] Voltage for all Inputs 
2.0 
V 


VIL 
Input LOW Level 
Guaranteed Input Logical LOW[l) Voltage for all Inputs 
0.8 
V 


IIX 
Input Leakage Current 
Vss :0: VIN :0: Vcc 
-10 
10 
J.LA 


Vpp 
Programming Voltage @ Ipp = 50 mA Max. 
12.0 
13.0 
V 


Isc 
Output Short Circuit 
Vcc = Max., VOUT = 0.5V[2) 
-30 
-90 
mA 
Current 


Commercial-15L 
70 


Icc 
Power Supply Current 
VIN = 0 
Commercial-12, 
-15 
90 
mA 
VCC = Max., lOUT = 0 mA 
Military/Industrial 
110 


Ioz 
Output Leakage Current 
Vcc = Max., VSS :0: VOUT :0: Vcc 
-40 
40 
J.LA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25°C, f = I MHz 
10 
pF 
COUT 
Output Capacitance 
VIN = 2.0V, Vcc = 5.0V 
10 


Rl 160n 
R1 160n 
(319n 
MIL/INO) 
(319n 
MIL/INO) 


OUTP~~ft 
OUTP~~ft 
R2 
R2 
50 pF 
124n 
5 pF 
124n 
I 
(236n 
MIL/INO) 
I 
(236n 
MIL/INO) 
INCLUDING 


JIG 
AND 


SCOPE 


Figure 2a 


THEVENINEQUIVALENT(Commercial) 


5J7~=oR=======================================P=L=D=C==18=G=8 


C3 
C2 
Ct 
Co 
Configuration 


0 
0 
0 
0 
Active 
LOW, 
Registered 
Mode, 
Registered 
Feedback, 
Pin II OE 


0 
0 
0 
I 
Active 
HIGH, 
Registered 
Mode, 
Registered 
Feedback, 
Pin 
II OE 


0 
0 
I 
0 
Active 
LOW, 
Combinatorial 
Mode, 
Registered 
Feedback, 
Pin II OE 


0 
0 
1 
I 
Active 
HIGH, 
Combinatorial 
Mode, 
Registered 
Feedback, 
Pin II OE 


0 
I 
0 
0 
Active 
LOW, 
Registered 
Mode, 
Registered 
Feedback, 
Product 
Term 
OE 


0 
I 
0 
I 
Active 
HIGH, 
Registered 
Mode, 
Registered 
Feedback, 
Product 
Term 
OE 


0 
I 
I 
0 
Active 
LOW, 
Combinatorial 
Mode, 
Registered 
Feedback, 
Product 
Term 
OE 


0 
I 
I 
I 
Active 
HIGH, 
Combinatorial 
Mode, 
Registered 
Feedback, 
Product 
Term 
OE 


1 
0 
0 
0 
Active 
LOW, 
Registered 
Mode, 
Pin Feedback, 
Pin II OE 


I 
0 
0 
I 
Active 
HIGH, 
Registered 
Mode, 
Pin Feedback, 
Pin II OE 


I 
0 
I 
0 
Active 
LOW, 
Combinatorial 
Mode, 
Pin Feedback, 
Pin 
11 OE 


I 
0 
I 
I 
Active 
HIGH, 
Combinatorial 
Mode, 
Pin Feedback, 
Pin II OE 


I 
I 
0 
0 
Active 
LOW, 
Registered 
Mode, 
Pin Feedback, 
Product 
Term 
OE 


1 
I 
0 
I 
Active 
HIGH, 
Registered 
Mode, 
Pin Feedback, 
Product 
Term 
OE 


I 
I 
I 
0 
Active 
LOW, 
Combinatorial 
Mode, 
Pin Feedback, 
Product 
Term 
OE 


I 
I 
I 
I 
Active 
HIGH, 
Combinatorial 
Mode, 
Pin Feedback, 
Product 
Term 
OE 


Commercial 
Military 
/Industrial 


Parameters 
Description 
-12 
-15, 
-15L 
-15 
-20 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


tPD 
Input 
or Feedback 
to 
12 
15 
15 
20 
ns 
Non-Registered 
Output 


tEA 
Input 
to Output 
Enable 
12 
15 
15 
20 
ns 


tER 
Input 
to Output 
Disable 
12 
15 
15 
20 
ns 


tpzx 
Pin II to Output 
Enable 
10 
12 
12 
15 
ns 


tpxz 
Pin II to Output 
Disable 
10 
10 
10 
15 
ns 


tco 
Clock 
to Output 
10 
12 
12 
15 
ns 


ts 
Input 
or Feedback 
Setup 
Time 
10 
12 
12 
15 
ns 


tH 
Hold 
Time 
0 
0 
0 
0 
ns 


tp[S) 
Clock 
Period 
22 
24 
27 
35 
ns 


tWH 
Clock 
High 
Time 
7 
8 
9 
10 
ns 


tWL 
Clock 
Low Time 
8 
9 
10 
II 
ns 


fMAX[6] 
Maximum 
Frequency 
50.0 
4\.6 
4\.6 
33.3 
MHz 


Notes: 


1. These 
are absolute 
values 
with 
respect 
to device 
ground 
and all over· 


shoots 
due 
to system 
or lester 
noise 
are included. 
2. Not 
more 
than 
one output 
should 
be tested 
at a time. 
Duration 
of the 


short 
circuit 
should 
not be mOTe than 
one second. 
VOUT = O.SV has 
been chosen 
to avoid test problems 
caused 
by tester 
ground 
degrada- 
tion. 


3. Tested 
initially 
and 
after 
any design 
or process 
changes 
that 
may 
affect 
these 
parameters. 


4. Figure 
20 test load 
used 
for all parameters 
except 
fER, 
tpzx and tpxz. 
Figure 
2b test load 
used 
for fER. tpzx 
and 
tPXZ. 
5. Ip, minimum 
guaranteed 
clock 
period 
is that 
guaranteed 
for state 
ma- 


chine 
operation 
and 
is calculated 
from 
tp = ts + tea. The 
minimum 


guaranteed 
period 
for registered 
data 
path 
operation 
(no feedback) 


can be calculated 
as the greater 
Of(twH 
+ tWL) or (Is + tH). 


6. fMAX. minimum 
guaranteed 
operating 
frequency, 
is that 
guaranteed 


for state 
machine 
operation 
and 
is calculated 
from 
fMAX = 1/(ts 
+ 


tcO)' 
The minimum 
guaranteed 
fMAX for registered 
data 
path 
opera- 
tion (no feedback) 
can be calculated 
as the lower 
of l/(twH 
+ tWL) 


or 1/(ts + tH)· 
7. TA is the "instant 
on" 
case temperature. 


8. In the virgin 
or unprogrammed 
state, 
a configuration 
bit location 
is in 


the "0" 
state. 


9. The 
parameters 
tER and 
tpxz 
are measured 
as the delay 
from 
the 


input 
disable 
logic threshold 
transition 
to VOH 
- 
0.5V 
for an enabled 


HIGH 
output 
or VOL + 0.5Y 
for an enabled 
LOW 
output. 


e;-:z 
PLD C 18G8 


_;-;~CGlDOCTa< ============== 


INPUTS. 
I/O. 


REGISTERED 
FEEDBACK 


_____________ 
'.0 
~ 
:.=::::==--:•....•.. 
~~_t_E_A_ 
COMBINATORIAL 
OUTPUTS, 


Note: 


For more 
information 
regarding 
PLD 
devices, 
refer to the Application 
Brief in the Appendix. 
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Functional Logic Diagram PLD C 18G8 
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lee 
Speed 
Ordering Code 
Package 
Operating 


(mA) 
(ns) 
Type 
Range 


90 
12 
PLD C 18G8-12PC 
P5 
Commercial 


PLD C 18G8-12WC 
W6 


PLD C 18G8-12VC 
V5 


PLD C 18G8-12JC 
J61 


70 
15 
PLD C 18G8L-15PC 
P5 
Commercial 


PLD C 18G8L-15WC 
W6 


PLD C 18G8L-15VC 
V5 


PLD C 18G8L-15JC 
J61 


90 
15 
PLD C 18G8-15PC 
P5 
Commercial 


PLD C 18G8-15WC 
W6 


PLD C 18G8-ISVC 
V5 


PLD C 18G8-15JC 
J61 


110 
15 
PLD C 18G8-15PI 
P5 
Industrial 


PLD C 18G8-15WI 
W6 


PLD C 18G8-15H 
J61 


110 
15 
PLD C 18G8-15DMB 
D6 
Military 


PLD C 18G8-15WMB 
W6 


PLD C 18G8-15LMB 
L61 


PLD C 18G8-15QMB 
Q61 


PLD C 18G8-15KMB 
K71 


110 
20 
PLD C 18G8-20PI 
P5 
Industrial 


PLD C 18G8-20WI 
W6 


PLD C 18G8-20H 
J61 


110 
20 
PLD C 18G8-20DMB 
D6 
Military 


PLD C 18G8-20WMB 
W6 


PLD C 18G8-20LMB 
L61 


PLD C 18G8-20QMB 
Q61 


PLD C 18G8-20KMB 
K71 


-- 
~ 
_. --.... - 


ofiE 'CYPRESS 
? 
SEMICONDUCTOR 


Features 


• 
Fast 
- 
Commercial: 
tpD = 15 ns, 
teo 
= 10 ns, ts 
= 12 ns 
- 
Military: 
tpD 
= 20 ns, 
teo 
= 15 ns, ts = 15 ns 


• 
Low power 
- 
Ice 
max.: 70 mA, 
Commercial 
- 
Ice 
max.: 100 mA, Military 


• 
Commercial 
and military 
temperature 
range 


• 
User-programmable 
output 
cells 
- 
Selectable 
for registered 
or 


combinatorial 
operation 
- 
Output 
polarity 
control 
- 
Output 
enable source 


selectable 
from pin 13 or 
product 
term 


CMOS Generic 24 Pin 


Reprogrammable 
Logic Device 


• 
Generic 
architecture 
to replace 
standard 
logic functions 
including: 
20LI0, 
20L8, 20R8, 
20R6, 20R4, 12L10, 14L8, 16L6, 
18U, 20L2 and 20V8 


• 
Eight product 
terms and one OE 
product 
term per output 


• 
CMOS 
EPROM 
technology 
for 
reprogrammability 


• 
Highly 
reliable 
- 
Uses proven EPROM 
technology 
- 
Fully AC and DC tested 
- 
Security 
feature 
prevents 
logic pattern 
duplication 
- 
± 10% power supply voltage 
and higher 
noise immunity 


Functional 
Description 


Cypress PLD devices are high speed 
electrically 
programmable 
Logic De- 
vices. These devices utilize the sum of 
products 
(AND-OR) 
structure 
provid- 


ing users the ability to program 
custom 


logic functions 
for unique require- 


ments. 


In an unprogrammed 
state the AND 
gates are connected 
via EPROM 
cells 


to both the true and complement 
of ev- 
~ 


ery input. By selectively programming 
••• 
the EPROM 
cells, AND gates may be 


connected 
to either the true or comple- 
ment or disconnected 
from both true 


and complement 
inputs. 


Cypress PLD C 20G 10 uses an ad- 
vanced 0.8 micron CMOS technology 
and a proven EPROM 
cell as the pro- 


STD PLCC Pinout 
JEDEC 
PLCC Pinout[16] 
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Selection Guide 


Generic 
Ice 
Part 
tPD 
ts 
teo 


Number 
L 
Com/Ind 
Mil 
Com/Ind 
Mil 
Com/Ind 
Mil 
Com/Ind 
Mil 


20GIOB-15 
- 
70 
- 
15 
- 
12 
- 
10 


20GIOB-20 
- 
70 
100 
20 
20 
12 
15 
12 
15 


20GIOB-25 
- 
- 
100 
- 
25 
- 
18 
- 
15 


20GIO-25 
- 
55 
- 
25 
- 
15 
15 


20GIO-30 
- 
- 
80 
- 
30 
- 
20 
- 
20 


20GIO-35 
- 
55 
- 
35 
- 
30 
- 
25 


20GIO-40 
- 
- 
80 
- 
40 
- 
35 
- 
25 


Functional Description 
(Continued) 


grammable 
element. This technology 
and the inherent 
ad- 


vantage of being able to program 
and erase each cell en- 


hances the reliability and testability 
of the circuit. This re- 


duces the burden on the customer 
to test and to handle 


rejects. 


A preload function allows the registered 
outputs to be pre- 


set to any pattern during testing. Preload is important 
for 


testing the functionality 
of the Cypress PLD device. 


20GIO Functional Description 


The PLD C 20G 10 is a generic 24 pin device that can be 
programmed 
to logic functions 
which include but are not 


limited to: 20LIO, 20L8, 20R8, 20R6, 20R4, 12L10, 14LS, 
16L6, ISL4, 20L2 and 20VS. Thus, the PLD C 20GlO 
provides significant design, inventory 
and programming 


flexibility over dedicated 
24 pin devices. It is executed in a 


24 pin 300 mil molded DIP and a 300 mil windowed 
Cer- 


dip. It provides up to 22 inputs and 10 outputs. 
When the 


windowed 
CERDIP 
is exposed to UV light, the 20G 10 is 


erased and then can be reprogrammed. 


The Programmable 
Output 
Cell provides the capability 
of 


defining the architecture 
of each output individually. 
Each 


of the 10 output cells may be configured 
with "REGIS- 


TERED" 
or "COMBINATORIAL" 
outputs, 
"ACTIVE 


HIGH" 
or "ACTIVE 
LOW" outputs, 
and "PRODUCT 


TERM" 
or "PIN 
13" generated 
output enables. Three Ar- 


chitecture 
Bits determine 
the configurations 
as shown in 


Table I and in Figures 2 through 
9. A total of eight differ- 


ent configurations 
are possible, with the two most common 


shown in Figure 4 and Figure 6. The default or unpro- 
grammed 
state is REGISTERED/ 
ACTIVE 
LOW / 
PRODUCT 
TERM 
OE as shown in Figure 2. The entire 


Programmable 
Output 
Cell is shown in Figure 1. 


The architecture 
bit 'CI' controls the REGISTERED/ 
COMBINATORIAL 
option. In the "COMBINA 
TORI- 


AL" configuration, 
the output can serve as an I/O pin, or 


if the output 
is disabled, as an input only. Any unused 


inputs should be tied to ground. In the "REGISTERED" 
configuration, 
the output of the register is fed back to the 


array. This allows the creation of control-state 
machines by 


provldmg 
the next state. The register is clocked by the 


signal from Pin I. T~ 
register is initialized 
on power up to 


Q output 
LOW and Q output HIGH. 


In both the Combinatorial 
and Registered 
configurations, 


the source of the "OUTPUT 
ENABLE" 
signal can be indi- 
vidually chosen with architecture 
bit 'C2'. The OE signal 


may be generated 
within the array, or from the external 
OE pin (Pin 13). The Pin 13 allows direct control of the 
outputs, 
hence having faster enable/disable 
times. 


Each output cell can be configured 
for "OUTPUT 
PO- 
LARITY". 
The output can be either Active HIGH 
or Ac- 


tive LOW. This option is controlled 
by architecture 
bit 
'CO'. 


Along with this increase in functional 
density, the Cypress 


PLD C 20G 10 provides lower power operation 
through 
the 


use of CMOS technology, 
increased testability 
with a regis- 
ter preload feature and guaranteed 
AC performance 


through 
the use of a phantom 
array. The phantom 
array 


allows the 20G 10 to be programmed 
with a test pattern 


and tested prior to shipment 
for full AC specifications 


without using any of the functionality 
of the device speci- 


fied for the product 
application. 
In addition, 
this same 


phantom 
array may be used to test the PLD C 20G 10 at 


incoming inspection before committing 
the device to a spe- 
cific function through 
programming. 


~ 
PLD C 20GIOB/PLD C 20GIO 


"/~DUcrOR 
=========================================================================== 
Configuration Table 


Figure 
C2 
CI 
Co 
Configuration 


2 
0 
0 
0 
Product Term OE/Registeredl 
Active LOW 


3 
0 
0 
1 
Product Term OE/Registeredl 
Active HIGH 


6 
0 
1 
0 
Product Term OE/Combinatoriall 
Active LOW 


7 
0 
1 
1 
Product Term OE/Combinatoriall 
Active HIGH 


4 
1 
0 
0 
Pin 13 OE/Registeredl 
Active LOW 


5 
1 
0 
1 
Pin 13 OE/Registered/Active 
HIGH 


8 
1 
1 
0 
Pin 13 OE/CombinatoriallActive 
LOW 


9 
1 
1 
1 
Pin 13 OE/Combinatoriall 
Active HIGH 


0053-38 


Figure 3. Product 
Term OEI Active HIGH 


C2 ~ 
I 


CI ~ 0 
Co = 0 


C2 ~ 
I 


CI ~ 0 
Co ~ 
I 


C2 = 0 
CI ~ I 
Co ~ 
I 


~ 


PIN13 
~ 


PIN13 
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PLD C 20GIOB/PLD C 20GIO 
~,1~DlJC[()R 
=================================== 
Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65"C 
to + 150°C 
Latchup 
Current 


Ambient 
Temperature 
with 
Power Applied 
- 55"C to + 125°C 


Supply Voltage to Ground 
Potential 
-0.5Y 
to + 7.0Y 


DC Voltage Applied to Outputs 
in High Z State 
-0.5Y 
to + 7.0Y 


DC Input Voltage 
- 3.0Y to + 7.0Y 


Output 
Current 
into Outputs 
(Low) 
16 mA 


DC Programming 
Voltage 
PLD C 20GlOB and CG7C323B-A 
13.0Y 
PLD C 20GIO and CG7C323-A 
14.0Y 


Range 
Ambient 
Yee 
Temperature 


Commercial 
O°Cto +75°C 
5V ± 10% 


Military[7] 
- 55°C to + 125°C 
5V ± 10% 


Industrial 
-40°C 
to + 85°C 
5V ± 10% 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


Vee = Min. 
IOH = -3.2mA 
COM'L/IND 


VOH 
Output HIGH Voltage 
2.4 
V 
VIN = VIH or VIL 
IOH = -2mA 
Military 


Vee = Min. 
IOL = 16mA 
COM'L/IND 


VOL 
Output LOW Voltage 
0.5 
V 
VIN = VIH or VIL 
IOL = 12mA 
Military 


VIH 
Input HIGH Level 
Guaranteed Input Logical HIGH[I] Voltage for all Inputs 
2.0 
V 


VIL 
Input LOW Level 
Guaranteed Input Logical LOW[I] Voltage for all Inputs 
0.8 
V 


IIX 
Input Leakage Current 
Vss S; YIN S; Vee 
-10 
10 
IJ-A 


Ise 
Output Short Circuit 
Vee = Max., VOUT = 0.5V[2, 3J 
-90 
mA 
Current 


COM'LlIND 
-15, -20 
70 


o S; YIN S; Vee 
COM'L/IND 
-25, -35 
55 
Ice 
Power Supply Current 
Vee = Max., lOUT = 0 mA 
mA 


Unprogrammed Device 
Military ·20, -25 
100 


Military -30, -40 
80 


Ioz 
Output Leakage Current 
Vee = Max., Yss S; VOUT S; Vee 
-100 
100 
IJ-A 


~PR5S 
_nF1v1l~oocrOR 
Capacitance 
[3] 


PLD C 20GIOB/PLD 
C 20GIO 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input 
Capacitance 
T A = 25°C. f - 
I MHz 
10 
pF 
COUT 
Output 
Capacitance 
VIN = O. Vcc 
= 5.0V 
10 


Commercial 
Military 


Parameters 
Description 
B-15 
B-20 
-25 
-35 
B-20 
B-25 
-30 
-40 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


tPD 
Input 
to Output 
15 
20 
25 
35 
20 
25 
30 
40 
ns 
Propagation 
Delay[14) 


tEA 
Input 
to Output 
15 
20 
25 
35 
20 
25 
30 
40 
ns 
Enable 
Delay 


tER 
Input 
to Output 
15 
20 
25 
35 
20 
25 
30 
40 
ns 
Disable 
Delayl9l 


tpzx 
OE Input 
to Output 
12 
15 
20 
25 
17 
20 
25 
25 
ns 
Enable 
Delay 


tpzx 
OE Input 
to Output 
12 
15 
20 
25 
17 
20 
25 
25 
ns 
Disable 
Delay 


tco 
Clock 
to Output 
10 
12 
15 
25 
15 
15 
20 
25 
ns 
Delayl14] 


ts 
Input 
or Feedback 
12 
12 
15 
30 
15 
18 
20 
35 
ns 
Setup 
Time 


tH 
Input 
Hold 
Time 
0 
0 
0 
0 
0 
0 
0 
0 
ns 


External 
Clock 
22 
24 
30 
55 
30 
33 
40 
60 
ns 
tp 
Period 
(T CO + tS) 


tWH 
Clock 
Width 
HIGH[3.8l 
8 
10 
12 
17 
12 
14 
16 
22 
ns 


tWL 
Clock 
Width 
LOWI3.8) 
8 
10 
12 
17 
12 
14 
16 
22 
ns 


External 
Maximum 


fMAXI 
Frequency 
45.4 
41.6 
33.3 
18.1 
33.3 
30.3 
25.0 
16.6 
MHz 


(U(tco + tS»IIOJ 


Data 
Path 


fMAX2 
Maximum 
Frequenc1 
62.5 
50.0 
41.6 
29.4 
41.6 
35.7 
31.2 
22.7 
MHz 
(l/(twH 
+ tWL»[I 
I 


Internal 
Feedback 


fMAX3 
Maximum 
Fre?Uency 
66.6 
45.4 
35.7 
20.8 
33.3 
32.2 
28.5 
18.1 
MHz 


(l/(tCF 
+ tS» 
12) 


tCF 
Register 
Clock 
to 
3.0 
10 
13 
18 
13 
13 
15 
20 
ns 
Feedback 
InputlI3J 


Notes: 


I. These 
are absolute 
values 
with 
respect 
to device 
ground 
and all over- 


shoots due to system or tester noise are included. 


2. Not 
more 
than 
one output 
should 
he tested 
at a time. 
Duration 
of the 


short 
circuit 
should 
not be more 
than 
one second. 
VOUT = O.5V has 


been chosen 
to avoid 
test problems 
caused 
by tester 
ground 
degrada- 


tion. 


3. Tested 
initially 
and 
after 
any design 
or process 
changes 
that 
may 


affect 
these 
parameters. 
4. Figure J 10 test load 
used 
for all parameters 
except 
lER. tpzx and 


tpxz· 
Figure JIb test load 
used 
for tER. tpzx 
and 
tpxz. 
See Figure 10 


for waveforms. 


5. Bidirectional 
I/O 
configurations 
are possible 
only 
when 
the combina- 


torial 
output 
option 
is selected. 


6. See the last page of this specification 
for Group 
A subgroup 
testing 


information. 


7. TA is the "instant 
on" 
case temperature. 


8. Tested 
by periodically 
sampling 
production 
product. 


• 


9. This 
parameter 
is measured 
as the time 
after 
output 
disable 
input 


that 
the previous 
output 
data 
state 
remains 
stable 
on the output. 
This 


delay 
is measured 
to the point 
at which 
a previous 
high 
level has 


fallen 
to 0.5 volts below 
VOH Min. 
or a previous 
low level has risen 


to 0.5 volts 
above 
VOL Max. 
Please 
see Figure 10 for enable 
and 


disable 
waveforms 
and 
measurement 
reference 
levels. 


10. This 
specification 
indicates 
the guaranteed 
maximum 
frequency 
at 


which 
a state 
machine 
configuration 
with 
external 
feed back 
can 
operate. 


II. 
This 
specification 
indicates 
the guaranteed 
maximum 
frequency 
at 


which 
an individual 
output 
register 
can be cycled. 


12. This 
specification 
indicates 
the guaranteed 
maximum 
frequency 
at 


which 
a state 
machine 
configuration 
with 
internal 
only 
feed back 
can 
operate. 
This 
parameter 
is tested 
periodically 
by sampling 
produc- 


tion product. 


13. This 
parameter 
is calculated 
from 
the clock 
period 
at fMAX internal 


(fMAX3) 
as measured 
(see note 
12 above) 
minus 
tS. 


14. This 
specification 
is guaranteed 
for all device 
outputs 
changing 
state 


in a given 
access 
cycle. 
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Test Waveforms 


Parameter 
Vx 
Output Waveform-Measurement 
Level 


tpxZ( -) 
1.5V 


ot'L 


VOH 


Vx 0053-42 


tPXZ( +) 
2.6V 
opr 


Vx 


VOL 


0053-43 


tPZX( +) 
Vthc 
°Pr 


VOH 


Vx 


0053-44 


tPZX( -) 
Vthc 
Vx 
Ot'L 
VOL 0053-45 


tER( -) 
I.5V 


Ot'L 


VOH 


Vx 0053-42 


tER( +) 
2.6V 
opr 


Vx 


VOL 


0053-43 


tEA( +) 
Vthc 
°Pr 


VOH 


Vx 


0053-44 


tEA( -) 
Vthc 
Vx 
°bL 
VOL 0053-45 


Rl 
238,fi 
Rl 
23SIl 


(319Jl 
MIL) 
(319Jl 
MIL) 


OUTP~~n 
OUTP~~TI 
R2 
R2 
SOpf 
170n 
5pf 
170n 
I 


(236Jl 
MIL) I 
(236Jl 
MIL) 


INCLUDING 
JIG AND 
~ 
- 


SCOPE 


Equivalent to: 
THEVENIN EQUIVALENT (Commercial) 


99fi 
OUTPUT 
o-----'VII'v--< 
2.08V =Vthc 


Equivalent to: 
THEVENIN EQUIVALENT (Military) 


136fi 
OUTPUT 
o-----'VII'v--< 
2.13V = Vthm 


Note: 


For more information 
regarding 
PLD 
devices, 
refer to the Application 
Brief in the Appendix. 


PLD C 20GIOB/PLD C 20GIO 


20 


Vl 
:::f 
'"w 
19 
l- 
I- 
U 
=>a0 
'"a.. 


18 


Erasure Characteristics 


Wavelengths 
of light less than 4000 Angstroms 
begin to 
erase the PLD C 20G 10. For this reason, an opaque label 
should be placed over the window if the device is exposed 
to sunlight or fluorescent 
lighting for extended periods of 
time. In addition, 
high ambient light levels can create hole- 


electron pairs which may cause "blank" 
check failures or 


"verify errors" 
when programming 
"windowed" 
parts. 
This phenomenon 
can be avoided by use of an opaque label 


over the window during programming 
in high ambient 
light environments. 


The recommended 
dose for erasure is ultraviolet 
light with 
a wavelength 
of 2537 Angstroms 
for a minimum 
dose (UV 


intensity 
X exposure time) of 25 Wsec/cm2. 
For an ultra- 


violet lamp with a 12 mW /cm2 power rating, the exposure 
would be approximately 
35 minutes. The PLD C 20G 10 


needs to be placed within 
I inch of the lamp during era- 
sure. Permanent 
damage may result if the device is exposed 


to high intensity UV light for an extended period of time. 
7258 Wsec/cm2 
is the recommended 
maximum 
dosage. 
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tPD 
ts 
tco 
ICC 
Ordering Code 
Package 
Operating 
(ns) 
(ns) 
(ns) 
(mA) 
Range 


IS 
12 
10 
70 
PLD C 20G IOB-ISPC/PI 
Pl3 
Commercial! 


PLD C 20GIOB-1SWC/WI 
WI4 
Industrial 


PLD C 20GIOB-lSJC/JI' 
J64 


PLD C 20GIOB-lSHC 
H64 


CG7C323B-A 1SJC/JI[15] 
J64 


CG 7C323B-A ISHC 
H64 


20 
12 
12 
70 
PLD C 20GIOB-20PC/PI 
P13 
Commercial! 


PLD C 20G IOB-20WC/W1 
WI4 
Industrial 


PLD C 20G IOB-20JC/JI 
J64 


PLD C 20G IOB-20HC 
H64 


CG7C323B-A20JC/JI[ 
15J 
J64 


CG7C323B-A20HC 
H64 


20 
15 
IS 
100 
PLD C 20GIOB-20DMB 
DI4 
Military 


PLD C 20G IOB-20WMB 
WI4 


PLD C 20G IOB-20LMB 
L64 


25 
IS 
IS 
55 
PLD C 20G 1O-2SPC/PI 
PI3 
Commercial! 


PLD C 20G 1O-2SWC/WI 
WI4 
Industrial 


PLD C 20G 1O-2SJC/JI 
J64 


PLD C 20G 1O-2SHC 
H64 


CG7C323-A2SJC/JI 
[IS] 
J64 


CG 7C323-A2SHC 
H64 


25 
18 
IS 
100 
PLD C 20G IOB-2SDMB 
DI4 
Military 


PLD C 20G IOB-2SWMB 
WI4 


PLD C 20GIOB-2SLMB 
L64 


30 
20 
20 
80 
PLD C 20G 1O-30DMB 
DI4 
Military 


PLD C 20G 1O-30WMB 
W14 


PLD C 20G 1O-30LMB 
L64 


35 
30 
25 
55 
PLD C 20G 1O-3SPC/PI 
P13 
Commercial! 


PLD C 20G 1O-3SWC/WI 
WI4 
Industrial 


PLD C 20G 1O-3SJC/JI 
J64 


PLD C 20G 1O-3SHC 
H64 


CG 7C323-A3SJC/JI[15] 
J64 


CG7C323-A3SHC 
H64 


40 
35 
25 
80 
PLD C 20G 1O-40DMB 
DI4 
Military 


PLD C 20G 10-40WMB 
WI4 


PLD C 20G 10-40LMB 
L64 


Note: 
15.TheCG7C323isthe PLDC20G10packagedintheJEDECcompatible28pinPLCCpinout.Pinfunctionand 
pin order is identical 
for both PLee pinouts. 
The principle 
difference 
is in the location 
oflhe 
"no connect" 
or 
NC pins. 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IIX 
1,2,3 


lee 
1,2,3 


Ioz 
1,2,3 


Parameters 
Subgroups 


IPO 
7,8,9,10,11 


Ipzx 
7,8,9,10,11 


lCO 
7,8,9,10,11 


IS 
7,8,9,10,11 


IH 
7,8,9,10,11 


• 


--•.. ~ 
'iiE 'CYPRESS 
, 
SEMICONDUCTOR 


Features 


• 
Advanced 
user programmable 
macro cell 


• 
CMOS 
EPROM 
technology 
for 


reprogrammability 


• 
Up to 20 input terms 


• 
10 programmable 
I/O 
macro 


cells 


• 
Output 
macro cell programmable 


as combinatorial 
or 
asynchronous 
D-type 
registered 


output 


• 
Product 
term control 
of register 


clock, reset and set and output 
enable 


• 
Register 
preload 
and power-up 


reset 


• 
Four data product 
terms per 


output 
macro cell 


• 
Fast 
- 
Commercial 
tpD = 15 ns 
teo 
= 15 ns 
tsu = 7 ns 
- 
Military/Industrial 


tPD 
20 ns 
teo 
= 20 ns 
tsu = 10 ns 


• 
Low power 
- 
Ice 
max = 80 mA 
Commercial 
- 
Ice 
max = 85 mA 
Military 


• 
High reliability 
- 
Proven 
EPROM 
technology 
- 
> 2001V input protection 
- 
100% programming 
and 
functional 
testing 


• 
Windowed 
DIP, 
windowed 
LCC, 


DIP, 
LCC, PLCC 
available 


Reprogrammable 


Asynchronous 
CMOS 


Logic Device 


Functional 
Description 


The Cypress PLD C 20RA 10 is a high 
performance, 
second generation 
pro- 
grammable 
logic device employing a 


flexible macro cell structure 
which al- 
lows any individual 
output 
to be con- 
figured independently 
as a combinato- 


rial output or as a fully asynchronous 
D-type registered output. 


The Cypress PLD C 20RA 10 provides 
lower power operation 
with superior 


speed performance 
than functionally 


equivalent 
bipolar devices through 
the 


use of high performance 
0.8 micron 
CMOS manufacturing 
technology. 


The PLD C 20RA 10 is packaged in a 
24 pin 300 mil molded DIP, a 300 mil 
windowed 
cerdip, and a 28 lead square 


leadless chip carrier and provides up to 
20 inputs and 10 outputs. 
When the 
windowed 
device is exposed UV light, 


the 20RAlO is erased and then can be 
reprogrammed. 


PROGRAMMABLE 
AND 
ARRAY 
(80X40) 


5nEM~ucr~ 
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Macro Cell Architecture 


Figure 1 illustrates 
the architecture 
of the 20RA 10 macro 


cell. The cell dedicates 
three product 
terms for fully asyn- 


chronous 
control of the register set, reset and clock func- 


tions, as well as, one term for control of the output enable 
function. 


The output enable product 
term output is "AND'ed" 
with 


the input from pin 13 to allow either product 
term or hard 


wired external control of the output or a combination 
of 


control from both sources. If product 
term only control is 


selected, it is automatically 
chosen for all outputs 
since, for 


this case, the external output enable pin must be tied LOW. 
The active polarity of each output may be programmed 
independently 
for each output cell and is subsequently 


fixed. Figure 2 illustrates 
the output enable options avail- 


able. 


When an I/O cell is configured 
as an output, 
combinatorial 


only capability 
may be selected by forcing the set and reset 


product 
term outputs 
to be HIGH under all input condi- 


tions. This is achieved by programming 
all input term pro- 


gramming 
cells for these two product 
terms. Figure 3 illus- 


trates the available output configuration 
options. 


An additional 
four uncommitted 
product 
terms are provid- 


ed in each output macro cell as resources for creation of 
user defined logic functions. 


Programmable I/O 


Because any of the 10 I/O pins may be selected as an input, 
the device input configuration 
programmed 
by the user 


may vary from a total of nine programmable 
plus ten dedi- 
cated inputs (a total of nineteen inputs) and one output 
down to a ten input, ten output configuration 
with all ten 


programmable 
110 cells configured 
as outputs. 
Each input 


pin available in a given configuration 
is available as an 


input to the four control product 
terms and four uncom- 


mitted product 
terms of each programmable 
110 macro 


cell that has been configured 
as an output. 


An 110 cell is programmed 
as an input by tying the output 


enable pin, pin 13, HIGH or by programming 
the output 


enable product 
term to provide a LOW, thereby disabling 


the output buffer, for all possible input combinations. 


When utilizing the I/O macro cell as an output, 
the input 


path functions 
as a feedback path allowing the output 
sig- 


nal to be fed back as an input to the product 
term array. 


When the output cell is configured 
as a registered output, 


this feed back path may be used to feed back the current 
output state to the device inputs to provide current 
state 


control of the next output state as required 
for state ma- 


chine implementation. 


Preload and Power-up Reset 
• 


Functional 
testability 
of programmed 
devices is enhanced 


by inclusion of register preload capability 
which allows the 


state of each register to be set by loading each register from 
an external source prior to exercising the device. Testing of 
complex state machine designs is simplified by the ability 
to load an arbitrary 
state without cycling through 
long test 


vector sequences to reach the desired state. Recovery from 
illegal states can be verified by loading illegal states and 
observing recovery. Preload of a particular 
register is ac- 
complished 
by impressing 
the desired state on the register 


output pin and lowering the signal level on the preload 
control pin (pin I) to a logic LOW level. If the specified 
preload set up, hold and pulse width minimums 
have been 


observed, the desired state is loaded into the register. To 
insure predictable 
system initialization, 
all registers are 


preset to a logic LOW state upon power up, thereby setting 
the active LOW outputs to a logic HIGH. 
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Combination 
of 


Programmable 
and Hard-Wired 


Generic 
tPD ns 
tsu ns 
teo ns 
ICCmA 


Part Number 
Com 
Milllnd 
Com 
Milllnd 
Com 
MiI/lnd 
Com 
Mil/Ind 


20RAIO-15 
15 
- 
7 
- 
15 
- 
80 
- 


20RAIO-20 
20 
20 
10 
10 
20 
20 
80 
85 


20RAIO-25 
- 
25 
- 
15 
- 
25 
- 
85 


20RAIO-30 
30 
- 
15 
- 
30 
- 
80 
- 


20RAIO-35 
- 
35 
- 
20 
- 
35 
- 
85 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 6SOCto + 150°C 


Ambient 
Temperature 
with 
Power Applied 
- 55°C to + 125°C 


Supply Voltage to Ground 
Potential 


(Pin 24 to Pin 12) 
-O.5Vto 
+7.0V 


DC Voltage Applied to Outputs 
in High Z State 
-O.5V 
to + 7.0V 


DC Input Voltage 
-3.0Vto 
+7.0V 


Output 
Current 
into Outputs 
(LOW) 
16 mA 


Static Discharge 
Voltage 
> 200 1V 


(per MIL-STD-883 
Method 
3015) 


Electrical 
Characteristics 
Over Operating 
Range[6] 


Latchup 
Current 
>200 mA 


DC Programming 
Voltage 
13.0V 


Operating 
Range 
• 
Range 
Ambient 
Vcc 
Temperature 


Commercial 
O°Cto +75°C 
5V ± 10% 


Industrial 
-4O"C to + 85'C 
5V ± 10% 


Military [5] 
- 55°C to + 125°C 
5V ± 10% 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., 
IOH = -3.2mA 
COM'L 


2.4 
V 
VIN = VIH or VIL 
IOH = -2mA 
MIL/IND 


VOL 
Output LOW Voltage 
Vcc = Min., 
IOL = 8 mA 
0.5 
V 
VIN = VIH or VIL 


VIH 
Input HIGH Level 
Guaranteed Input Logical HIGH Voltage for All Inputs[I] 
2.0 
V 


VIL 
Input LOW Level 
Guaranteed Input Logical LOW Voltage for All Inputs[ll 
0.8 
V 


IIX 
Input Leakage Current 
VSS ,,; VIN ,,; Vcc,Vcc 
= Max. 
-10 
10 
/LA 


Ioz 
Output Leakage Current 
Vcc = Max., Vss ,,; VOUT ,,; Vcc 
-40 
40 
/LA 


Isc 
Output Short Circuit Currend3l 
Vcc = Max., VOUT = 0.5V[2] 
-30 
-90 
mA 


ICCI 
Standby Power Supply Current 
VCC = Max., VIN = GND Outputs Open 
COM'L 
75 
mA 


MIL/IND 
80 
mA 


ICC2 
Power Supply Current at 
VCC = Max., Outputs Disabled (In High Z State) 
COM'L 
80 
mA 


Frequency[3l 
Device Operating at fMAX 
MILIIND 
85 
mA 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


CIN 
Input Capacitance 
VIN = 2.0V @ f = I MHz 
10 


CoUT 
Output Capacitance 
VOUT = 2.0V @ f = I MHz 
10 
pF 


Notes: 
1. These are absolute values with respect to device ground and all over- 


shoots due to system or tester noise are included. 
2. Not more than one output should be tested at a time. Duration of the 


shan circuit should not be more than one second. VOUT = O.5Vhas 
been chosen to avoid test problems caused by tester ground degrada- 
tion. 
3. Tested initially and after any design or process changes that may 
affect these parameters. 


4. Figure 4a test load used for all parameters except tEA. tER. tpzx and 


tpxz· Figure 
4b test loadusedfortEA.IER,tpzx and IPXZ. 


5. TA is the "instant on" case temperature. 
6. See the last page of this specification for Group A subgroup testing 


information. 


7. The parameters tER and tpxz are measured as the delay from the 


input disable logic threshold transition to YOH - O.5Y for an enabled 
HIGH outputor VOL+ O.5Vforan enabledLOWoutput.Pleasesee 
Table I for waveforms and measurement reference levels. 


Commercial 
Military 
IIndustrial 


Parameters 
Description 
-15 
-20 
-30 
-20 
-25 
-35 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


tPD 
Input 
or Feedback 
to 
IS 
20 
30 
20 
25 
35 
ns 
Non-Registered 
Output 


tEA 
Input 
to Output 
Enable 
IS 
25 
30 
20 
30 
35 
ns 


tER 
Input 
to Output 
Disable 
IS 
25 
30 
20 
30 
35 
ns 


tpzx 
Pin 13 to Output 
Enable 
12 
IS 
20 
IS 
20 
25 
ns 


tpxz 
Pin 13 to Output 
Disable 
12 
IS 
20 
IS 
20 
25 
ns 


tco 
Clock 
to Output 
IS 
20 
30 
20 
25 
35 
ns 


tsu 
Input 
or Feedback 
Setup 
Time 
7 
10 
IS 
10 
15 
20 
ns 


tH 
Hold 
Time 
3 
5 
5 
3 
5 
5 
ns 


tp 
Clock 
Period 
(tsu 
+ tCO) 
22 
30 
45 
30 
40 
55 
ns 


tWH 
Clock 
Width 
HIGH 
10 
13 
20 
12 
18 
25 
ns 


tWL 
Clock 
Width 
LOW 
10 
13 
20 
12 
18 
25 
ns 


fMAX 
Maximum 
Frequency 
(lItp) 
45.5 
33.3 
22.2 
33.3 
25.0 
18.1 
MHz 


ts 
Input 
to Asynchronous 
Set 
IS 
20 
35 
20 
25 
40 
ns 
of Registered 
Output 


tR 
Input 
to Asynchronous 
Reset 
IS 
20 
35 
20 
25 
40 
ns 
of Registered 
Output 


tAR 
Asynchronous 
Set/Reset 
10 
12 
IS 
12 
IS 
20 
ns 
Recovery 
Time 


twp 
Preload 
Pulse Width 
IS 
15 
IS 
IS 
IS 
IS 
ns 


tsup 
Preload 
Setup Time 
IS 
15 
IS 
IS 
15 
IS 
ns 


tHP 
Preload 
Hold Time 
IS 
15 
IS 
IS 
IS 
IS 
ns 


Rl,45711 


«700 
mU) 


OUTP:~~ 
R2 
R2 
270.0. 
5 pF" 
270n 


(3190 
m;1) 
I 
(3190 
mU) 


5V 


OUTPUT 


SOpF 
Including 
Jig I 


and Scope 
_ 


3.0V~90% 


GND 
1~ 
10% 


~:!>5nl 
S;Snl 


0118-7 


Figure 
4a 
Figure 
4b 


THEVENtN 
EQUIVALENT 
(Commercial) 


170.0. 


OUTPUT r>--J\I\I\r---O 1.86V = Vthc 


THEVENIN 
EQUIVALENT 
(Military/Industrial) 


190.0. 


OUTPUT r>--J\I\I\r---O 2.02V =Vthm 


STD PLCC and HLCC 
Pinout 
JEDEC PLCC and HLCC 
Pinout (8) 


.• 
3 
2 :11282726 


12 
5 
•.•.•• 
25 
Ne 


13 
6 
24 
1/02 
I.. 
7 
23 
1/03 


IS 
8 
PLOC20RA10 
22 
I/0 
.• 


16 
9 
21 
VOs 


I] 
10 
20 
1/06 


Ne 
11 
19 
1/07 


'" 
12131415161718 


Ne 
1/02 


IJ 
1/03 


I.. 
I/O.• 


Ne 
1/05 


15 
1/06 


16 
1/°7 
Ne 
Ne 


Note: 
8. The CG7C324 is the PLDC20RAlO 
packaged in the JEDEC compat- 
ible 28·pin 
PLee pinout. 
Pin function 
and 
pin order 
is identical 
for 
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PLDC20RAIO 


Table 1 


Output Waveform-Measurement 
Level 


VOH 


o~ 
v, 
0118-23 


o~ 


v, 


VOL 


0118-24 


t=1:= 


VOH 


Vx 


0118-25 


V, 


~ 
VOL 
0118-26 


VOH 
o~ 
• 


V, 
0118-23 


0*='r 


V, 


VOL 


0118-24 


t=1:= 


VOH 


V, 


0118-25 


V, 
4ot= 


VOL 
0118-26 


?\t 
tE• -11 
r- tEA 


COlo4BI~AJ~p~~~ ----------m::~-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_~..u))____@:- 
".••.. 
_ 


PIN 13 


OUTPUT 
ENABLE 


~tE~ 
~~EA_ 
REGISTER 
OUTPUTS 
PR~;g~~ 
-------k~J-t-H-P----~~~~~~~~~~~- 
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Functional Logic Diagram PLD C 20RAIO 


1 •.. 


..- 


0 
, 
~. TO~ 
3 •.• 
" 
A 


'= 
~ 
.= 


~ 


1~~ 
~. 10 
IIII 
3 - 
' ' 


A 


" 


1111 
.= 
R 


,;~ 
-jJ-' 
~. t[j 


4 
••• 
" 
A 


,. 
II 
~ 


: 
-1"- 


~ 


" 
~ 
~. 10 


5 - 
' ' 


A 


'~= 


•..... 


:~ 
~' 
39= 
:a::=J '-?i 10 


6 •...• 
" 
A 


"'0= 
:= 
P-?i,>...I, 
R' 


:::= 
.7= 
[j 


PC 


7~ 
" 
...• 


.8= 
~ 


:= 
~' 


-;" 0 
" 
-?i 1 


IIII 


~ 
PC ,' 
•.. 
A 


56= 
Iff[ 
•..... 


:= 


~' 


:= 
1[] 
OJ= 
~.. 


•.. 
A 


,. 
~ 


" 


~Ch..0 ~' 


PC 


.r-. 
' ' 
...• 


n 
~ 
~~'IIII 


-?i'>... 0 ~' 
III' III 
1111 


PC ,' 


...• 
!"!!"!,,,,,,,~I"I 
111f 
«:}-1 


PLDC20RAIO 


5nEM~~ 
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;P;;;;;;;;L;;;;D;;;;;;;;C;;;;2;;;;O;;;;R;;;;A;;;;=10 


Ordering Information 


ICC2 
tpD 
tsu 
teo 
Ordering Code 
Package 
Operating Range 
(mA) 
(ns) 
(ns) 
(ns) 


80 
15 
7 
15 
PLD C 20RA 1O-15PC 
PI3 
Commercial 


PLD C 20RA 10-15WC 
WI4 


PLD C 20RA 10-15JC 
J64 


PLD C 20RAIO-ISHC 
H64 


CG7C324-A 15JC 
J64 


CG7C324-AI5HC 
H64 


80 
20 
10 
20 
PLD C 20RAIO-20PC 
PI3 
Commercial 


PLD C 20RAIO-20WC 
WI4 


PLD C 20RAIO-20JC 
J64 


PLD C 20RAIO-20HC 
H64 


CG7C324-A20JC 
J64 


CG7C324-A20HC 
H64 


85 
20 
10 
20 
PLD C 20RAIO-20PI 
PI3 
Industrial 


PLD C 20RAIO-20WI 
WI4 


PLD C 20RAIO-20JI 
J64 


PLD C 20RAIO-20DI 
DI4 


PLD C 20RAIO-20DMB 
014 
Military 


PLD C 20RAIO-20WMB 
WI4 


PLD C 20RAIO-20HMB 
H64 


PLD C 20RAIO-20LMB 
L64 


PLD C 20RAIO-2OQMB 
Q64 


85 
25 
15 
25 
PLD C 20RAIO-25PI 
PI3 
Industrial 


PLD C 20RAIO-25WI 
WI4 


PLD C 20RAIO-25JI 
J64 


PLD C 20RAIO-25DI 
DI4 


PLD C 20RAIO-25DMB 
DI4 
Military 


PLD C 20RAIO-25WMB 
WI4 


PLD C 20RAIO-25HMB 
H64 


PLD C 20RAIO-25LMB 
L64 


PLD C 20RAIO-25QMB 
Q64 


80 
30 
15 
30 
PLD C 20RAIO-30PC 
PI3 
Commercial 


PLD C 20RAIO-30WC 
WI4 


PLD C 20RAIO-30JC 
J64 


PLD C 20RAIO-30HC 
H64 


CG7C324-A30JC 
J64 


CG7C324-A30HC 
H64 


85 
35 
20 
35 
PLD C 20RAIO-35PI 
PI3 
Industrial 


PLD C 20RAIO-35WI 
WI4 


PLD C 20RAIO-35JI 
J64 


PLD C 20RAIO-35DI 
014 


PLD C 20RAIO-35DMB 
014 
Military 


PLD C 20RAIO-35WMB 
WI4 


PLD C 20RAIO-35HMB 
H64 


PLD C 20RAIO-35LMB 
L64 


PLD C 20RAIO-35QMB 
Q64 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IIX 
1,2,3 


IOZ 
1,2,3 


ICC 
1,2,3 


Parameters 
Subgroups 


tPD 
7,8,9,10,11 


tpzx 
7,8,9,10,11 


tco 
7,8,9,10,11 


tsu 
7,8,9,10,11 


tH 
7,8,9,10,11 


-_.,~ 


of1= 'CYPRESS 
F 
SEMICONDUCTOR 


Features 


• 
Advanced 
second generation 


PAL architecture 


• 
Low power 
- 
55 mA max "L" 


- 
90 mA max standard 
- 
120 mA max military 


• 
CMOS 
EPROM 
technology 
for 


reprogrammability 


• 
Variable 
product 
terms 


- 
2 X (8 thru 
16) product 


terms 


• 
User programmable 
macro cell 
- 
Output 
polarity 
control 
- 
Individually 
selectable 
for 


registered 
or combinatorial 


operation 
- 
"IS" 
commercial 
& industrial 


10 ns teo 
10 ns ts 
15 ns tpD 
50 MHz 


Reprogrammable 
CMOS 
PAL® Device 


Functional 
Description 


The Cypress PAL C 22VlO is a CMOS 
second generation 
Programmable 
Log- 
ic Array device. It is implemented 
with 


the familiar sum-of-products 
(AND- 


OR) logic structure 
and a new concept, 


the "Programmable 
Macro Cell". 


The PAL C 22VlO is executed in a 24 
pin 300 mil molded DIP, a 300 mil 
windowed 
Cerdip, a 28 lead square ce- 


ramic leadless chip carrier, a 28 lead 
square plastic leaded chip carrier and 
provides up to 22 inputs and 10 out- 
puts. When the windowed 
CERDIP 
is 


exposed to UV light, the 22VlO is 
erased and then can be reprogrammed. 
The Programmable 
Macro Cell pro- 
vides the capability 
of defining the ar- 
chitecture 
of each output 
individually . 


Each of the 10 potential 
outputs 
may 


be specified to be "REGISTERED" 
or 
"COMBINATORIAL". 
Polarity 
of 


PAL- is a registered 
trademark 
of Monolithic 
Memories 
Inc . 


- 
"20" military 
15 ns teo 
17 ns ts 
20 ns tPD 
31 MHz 


• 
Up to 22 input terms and 10 
outputs 


• 
Enhanced 
test features 
- 
Phantom 
array 
- 
Top Test 
- 
Bottom 
Test 
- 
Preload 


• 
High reliability 
- 
Proven 
EPROM 
technology 
- 
100% programming 
and 
functional 
testing 


• 
Windowed 
DIP, 
windowed LCC, 
DIP, 
LCC, PLCC 
available 


•• :5 2111282726 
I 
5 
~ 
25 
1/02 


I 
6 
2.4 
I/O, 


I 
7 
23 
I/O. 


He 
8 
22 
He 
I 
9 
21 
1/05 
I 
10 
20 
1/06 


I 
11 
19 
1/01 
12131.415161718 


• 
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Functional Description (Continued) 


each output 
may also be individually 
selected allowing 


complete flexibility of output 
configuration. 
Further 
con- 


figurability 
is provided through 
"ARRAY" 
configurable 


"OUTPUT 
ENABLE" 
for each potential 
output. This fea- 


ture allows the 10 outputs 
to be reconfigured 
as inputs on 


an individual 
basis or alternately 
used as a combination 


I/O controlled 
by the programmable 
array. 


The PAL C 22VIO features a "VARIABLE 
PRODUCT 


TERM" 
architecture. 
There are 5 pairs of product 
terms 


beginning at 8 product 
terms per output and incrementing 


by 2 to 16 product 
terms per output. 
By providing 
this 


variable structure 
the PAL C 22V 10 is optimized 
to the 


configurations 
found in a majority of applications 
without 


creating devices that burden the product 
term structures 


with unuseable 
product 
terms and lower performance. 


Additional 
features of the Cypress PAL C 22VIO include a 


synchronous 
PRESET 
and an asynchronous 
RESET prod- 


uct term. These product 
terms are common to all MACRO 


CELLS eliminating 
the need to dedicate standard 
product 


terms for initialization 
functions. 
The device automatically 


resets on power-up. 


The PAL C 22VIO featuring 
programmable 
macro cells 


and variable product 
terms provides a device with the flexi- 


bility to implement 
logic functions 
in the 500 to 800 gate 


array complexity. 
Since each of the 10 output pins may be 


individually 
configured 
as inputs on a temporary 
or perma- 


nent basis, functions 
requiring 
up to 21 inputs and only a 


single output down to 12 inputs and 10 outputs 
are possi- 


ble. The 10 potential 
outputs are enabled through 
the use 


of product 
terms. Any output pin may be permanently 
se- 
lected as an output or arbitrarily 
enabled as an output and 


an input through 
the selective use of individual 
product 


terms associated 
with each output. Each of these outputs is 


achieved through 
an individual 
programmable 
macro cell. 


These macro cells are programmable 
to provide a combina- 


torial or registered 
inverting or non-inverting 
output. 
In a 


registered mode of operation, 
the output 
of the register is 


fed back into the array providing 
current 
status informa- 
tion to the array. This information 
is available for estab- 
lishing the next result in applications 
such as control-state- 


machines. 
In a combinatorial 
configuration, 
the combina- 
torial output or, if the output 
is disabled, the signal present 


on the I/O pin is made available to the array. The flexibili- 
ty provided by both programmable 
macro cell product 
term control of the outputs and variable product 
terms 


allows a significant gain in functional 
density through 
the 


use of programmable 
logic. 


Along with this increase in functional 
density, the Cypress 


PAL C 22V 10 provides lower power operation 
thru the use 


of CMOS technology, 
increased testability 
with a register 


preload feature and guaranteed 
AC performance 
through 


the use of a phantom 
array. This phantom 
array (PO-P3) 
and the "TOP TEST" and "BOTTOM 
TEST" 
features al- 
low the 22VIO to be programmed 
with a test pattern 
and 


tested prior to shipment 
for full AC specifications 
without 


using any of the functionality 
of the device specified for the 


product 
application. 
In addition, 
this same phantom 
array 


may be used to test the PAL C 22VIO at incoming inspec- 
tion before committing 
the device to a specific function 


through 
programming. 
PRELOAD 
facilitates testing pro- 
grammed 
devices by loading initial values into the regis- 
ters. 


Registered/Combinatorial 


Cl 
Co 
Configuration 


0 
0 
Registered/Active 
Low 


0 
I 
Registered/Active 
High 


I 
0 
Combinatorial! 
Active Low 


I 
I 
Combinatorial! 
Active High 


r---------------------. 
I 


AR 
I 
I 


INPUT/ 


FEEDBACK 


MUX 


OUTPUT 


SELECT 


MUX 


I 
I 
I 
I 
MACROCELL 
I 
L 
~ 
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Generic 
Ieel mA 
tPD ns 
ts ns 
tea ns 
Part Number 
"L" 
Com/Ind 
Mil 
Com/Ind 
Mil 
Com/Ind 
Mil 
Com/Ind 
Mil 


22VIOB-15 
90 
- 
15 
- 
10 
- 
10 
- 


22VIOB-20 
- 
- 
100 
- 
20 
- 
17 
- 
15 


22VIO-20 
90 
- 
20 
- 
12 
- 
12 
- 


22VIO-25 
55 
90 
100 
25 
25 
15 
18 
15 
15 


22VIO-30 
- 
100 
- 
30 
- 
20 
- 
20 


22VIO-35 
55 
90 
- 
35 
- 
30 
- 
25 
- 


22VIO-4O 
- 
100 
- 
40 
- 
30 
- 
25 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65°C 
to + 150°C 
DC Programming 
Voltage 
• 
Ambient 
Temperature 
with 
PAL C 22VIOB 
13.0V 


Power Applied 
- 55°C to + 125"C 
PAL C 22VIO 
14.0V 


Supply Voltage to Ground 
Potential 
Latchup 
Current 
> 200 mA 


(Pin 24 to Pin 12) 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage Applied to Outputs 
in High Z State 
-O.5V 
to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


Output 
Current 
into Outputs 
(Low) 
16 mA 


UV Exposure 
7258 Wsec/cm2 


Range 
Ambient 
Vee 
Temperature 


Commercial 
O°Cto +75°C 
5V ± 10% 


Military[6) 
- 55°C to + 125°C 
5V ± 10% 


Industrial 
-4O"C to + 85°C 
5V ± 10% 


Parameters 
Description 
Test Conditions 
Min. 
Max. Units 


VOHI 
Output HIGH Voltage 
Vee = Min., 
IOH = -3.2mA 
COM'LIIND 
2.4 
V 
VIN = VIH or VIL 
IOH = -2mA 
MIL 


VOH2 
HIGH Level CMOS 
Vee = Min., 
IOH = -100 
fLA 
Vee -1.0V 
V 
Output Voltage(3) 
VIN = VIH or VIL 


VOL 
Output LOW Voltage 
Vee = Min., 
IOL=16mA 
COM'L/IND 
0.5 
V 
VIN = VIH or VIL 
IOL=12mA 
MIL 


VIH 
Input HIGH Level 
Guaranteed Input Logical HIGH Voltage for All Inputs[I) 
2.0 
V 


VIL 
Input LOW Level 
Guaranteed Input Logical LOW Voltage for All Inputs[l) 
0.8 
V 


Ilx 
Input Leakage Current 
Vss ,;; VIN ,;; Vee, Vee = Max. 
-10 
10 
fLA 


IOZ 
Output Leakage Current 
Vee = Max., VSS ,;; VOUT ,;; Vee 
-40 
40 
fLA 


Ise 
Output Short Circuit Current 
Vee = Max., VOUT = 0.5V[2, 3) 
-30 
-90 
mA 


"L" 
55 
mA 


Ieel 
Standby Power 
Vee = Max., VIN = GND Outputs Open 
COM'L/IND 
90 
mA 


Supply Current 
for Unprogrammed Device 
MIL 
100 
mA 


MIL-20 
100 
mA 


Operating Power 
ftoggle= FMAX[3) 
COM'L/IND-15 
90 
mA 


Iee2 
Supply Current 
Device Programmed with Worst Case 
MIL-20 
100 
mA 
Pattern, Outputs Tristated 


Notes: 
I. These are absolute values with respect to device ground and all over- 


shoots due to system or tester noise are included. 


2. Not more than one output should be tested at a time. Duration of the 


short circuit should not be more than one second. VOUT = O.5V has 
been chosen to avoid test problems caused by tester ground degrada- 
tion. 
3. Tested initially and after any design or process changes that may 


affect these parameters. 


4. Figure 
10 test load used for all parameters except tEA. tER. tpzx and 


tpxz· Figure 
1b test load used for tEA. tER, tpzx and tpxz. 


5. See the last page of this specification for Group A subgroup testing 


information. 
6. TA is the "instant on" case temperature. 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


CIN 
Inpul 
Capacitance 
YIN = 2.0Y 
@ f ~ 
I MHz 
10 
pF 


COUT 
Output 
Capacitance 
YOUT = 2.0Y 
@ f = 
I MHz 
10 
pF 


Commercial 
& Industrial 
Military 


Parameters 
Description 
B·15 
-20 
-25 
-35 
B·20 
-25 
-30 
-40 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


tPD 
Input 
to Output 
15 
20 
25 
35 
20 
25 
30 
40 
ns 
Propagation 
Delay[13] 


tEA 
Input 
to Output 
15 
20 
25 
35 
20 
25 
25 
40 
ns 
Enable 
Delay 


tER 
Input 
to Output 
15 
20 
25 
35 
20 
25 
25 
40 
ns 
Disable 
Delay [8] 


tco 
Clock to Output 
10 
12 
15 
25 
15 
15 
20 
25 
ns 
Delay[I4] 


ts 
Input 
or Feedback 
10 
12 
15 
30 
17 
18 
20 
30 
ns 
Setup Time 


tH 
Input 
Hold Time 
0 
0 
0 
0 
0 
0 
0 
0 
ns 


tp 
External 
Clock 
20 
24 
30 
55 
32 
33 
40 
55 
Period 
(tco 
+ ts) 
ns 


tWH 
Clock 
Width 
HIGH[3] 
6 
10 
12 
17 
12 
14 
16 
22 
ns 


tWL 
Clock 
Width 
LOW(3] 
6 
10 
12 
17 
12 
14 
16 
22 
ns 


External 
Maximum 


fMAXI 
Frequency 
50.0 
41.6 
33.3 
18.1 
31.2 
30.3 
25.0 
18.1 
MHz 
(l/(tco 
+ tS»(9] 


Data 
Path 


fMAX2 
Maximum 
Frequency 
83.3 
50.0 
41.6 
29.4 
41.6 
35.7 
31.2 
22.7 
MHz 
(l/(twH 
+ tWL»[3, 
!O] 


Internal 
Feedback 


fMAX3 
Maximum 
Frequency 
80.0 
45.4 
35.7 
20.8 
33.3 
32.2 
28.5 
20.0 
MHz 
(l/(tCF 
+ tS»(1 I] 


tCF 
Register 
Clock to 
2.5 
10 
13 
18 
13 
13 
15 
20 
Feedback 
Input 
[(2) 
ns 


tAW 
Asynchronous 
Reset 
15 
20 
25 
35 
20 
25 
30 
40 
Width 
ns 


tAR 
Asynchronous 
Reset 
10 
20 
25 
35 
20 
25 
30 
40 
Recovery 
Time 
ns 


tAP 
Asynchronous 
Reset to 
20 
25 
25 
35 
25 
25 
30 
40 
Registered 
Output 
Delay 
ns 


tSPR 
Synchronous 
Preset 
10 
20 
25 
35 
20 
25 
30 
40 
Recovery 
Time 
ns 


tPR 


Power 
Up 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
Reset Time[IS] 
)1-s 
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Notes: 


7. This parameter is sample tested periodically with the device clocked 
at fMAXexternal (fMAXI) with all registers cycling on each cycle and 
outputs disabled (in high Z state). 
8, This parameter is measured as the time after output disable input 
that the previous output data state remains stable on the output. This 
delay is measured to the point at which a previous high level has 
fallen to 0.5 volts below VOH Min. or a previous low level has risen 
to 0.5 volts above VOL Max. Please see Figure 
4 for enable and 
disable test waveforms and measurement reference levels. 


9. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with external feed back can 
operate. 


10. This specification indicates the guaranteed maximum frequency at 


which an individual output register can be cycled. 
II. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with internal only feed back can 
operate. This parameter is tested periodically by sampling produc- 
tion product. 
12. This parameter is calculated from the clock period at fMAXinternal 


(lIfMAXJ) as measured (see note II above) minus ts. 
13. This specification is guaranteed for all device outputs changing state 
in a given access cycle. See Figure 3 for the minimum guaranteed 
negative correction which may be subtracted from tpo for cases in 
which fewer outputs are changing state per access cycle. 


R1 238D. 
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MIL) 
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Mil) 
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Mil) 
INCLUDING 
JIG AND 
- 
-= 


SCOPE 


14. This specification is guaranteed for all device outputs changing state 


in a given access cycle. See Figure 3 for the minimum guaranteed 
negative correction which may be subtracted from teo for cases in 
which fewer outputs are changing state per access cycle. 


15. The registers in the PAL C 22VIO have been designed with the 


capability to reset during system power-up. Following power-up, all 
registers will be reset to a logic LOW state. The output state will 
depend on the polarity of the output buffer. This feature is useful in 
establishing state machine initialization. To insure proper operation, 
the rise in Vcc must be monotonic and the timing constraints depict- 
ed in Figure 
5 must be satisfied. 


16. The clock signal input must be in a valid LOW state (VIN less than 


a.8V) or a valid HIGH state (V.N greater than 2.4V) prior to occur- 
rence of the 10% level on the monotonically rising power supply 
voltage as shown in Figure 
5. In addition. the clock input signal must 


remain stable in that valid state as indicated until the 90% level on 
the power supply voltage has been reached. The clock signal may 
transition LOW to HIGH to clock in new data or to execute a syn- 
chronous preset after the indicated delay (tPR + ts) has been ob- 
served. 
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Parameter 
Vx 
Output Waveform-Measurement 
Level 


IER(-) 
1.5Y 
+ 
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VOH 


Vx 
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2.6V 
err 


Vx 


VOL 
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Erasure Characteristics 


Wavelengths 
of light less than 4000 Angstroms 
begin to 


erase the PAL C 22VIO. For this reason, an opaque label 
should be placed over the window if the device is exposed 
to sunlight or fluorescent 
lighting for extended periods of 


time. In addition, 
high ambient light levels can create hole- 


electron pairs which may cause "blank" 
check failures or 


"verify errors" 
when programming 
"windowed" 
parts. 


This phenomenon 
can be avoided by use of an opaque label 


over the window during programming 
in high ambient 


light environments. 


The recommended 
dose for erasure is ultraviolet 
light with 
a wavelength 
of 2537 Angstroms 
for a minimum 
dose (UV 


intensity 
X exposure time) of 25 Wsec/cm2. 
For an ultra- 
violet lamp with a 12 mW /cm2 power rating, the exposure 
would be approximately 
35 minutes. The PAL C 22VlO 


needs to be placed within I inch of the lamp during era- 
sure. Permanent 
damage may result if the device is exposed 


to high intensity UV light for an extended period of time. 
7258 Wsec/cm2 
is the recommended 
maximum 
dosage. 
• 
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Ordering Information 


lee 
tPD 
ts 
leo 
Ordering 
Code 
Package 
Operating 
Range 
(mA) 
(ns) 
(ns) 
(ns) 


90 
15 
10 
10 
PAL C 22YIOB-15PC/PI 
P13 
Commercial/Industrial 


PAL C 22YIOB-15WC/WI 
W14 


PAL C 22YIOB-15JC/JI 
J64 


PAL C 22Y IOB-l SHC 
H64 


90 
20 
12 
12 
PAL C 22YIO-20PC/PI 
PI3 
Commercial/Industrial 


PAL C 22Y 1O-20WC/WI 
WI4 


PAL C 22Y 1O-2OJC/JI 
J64 


PAL C 22YIO-20HC 
H64 


120 
20 
17 
15 
PAL C 22YIOB-200MB 
014 
Military 


PAL C 22YIOB-20WMB 
WI4 


PAL C 22YIOB-20HMB 
H64 


PAL C 22YIOB-20LMB 
L64 


PAL C 22YIOB-20QMB 
Q64 


PAL C 22YIOB-20KMB 
K73 


55 
25 
15 
15 
PAL C 22YIOL-25PC 
PI3 
Commercial 


PAL C 22YIOL-25WC 
Wl4 


PAL C 22YIOL-25JC 
J64 


PAL C 22YIOL-25HC 
H64 


90 
25 
15 
15 
PAL C 22YIO-25PC/PI 
PI3 
Commercial/Industrial 


PAL C 22YIO-25WC/WI 
WI4 


PAL C 22YIO-25JC/JI 
J64 


PAL C 22YIO-2SHC 
H64 


100 
25 
18 
15 
PAL C 22YIO-25DMB 
014 
Military 


PAL C 22YIO-25WMB 
WI4 


PAL C 22YIO-25HMB 
H64 


PAL C 22YIO-25LMB 
L64 


PAL C 22Y 1O-25QMB 
Q64 


PAL C 22YIO-25KMB 
K73 


100 
30 
20 
20 
PAL C 22Y 1O-300MB 
014 
Military 


PAL C 22YIO-30WMB 
W14 


PAL C 22YIO-30HMB 
H64 


PAL C 22YIO-30LMB 
L64 


PAL C 22YIO-3OQMB 
Q64 


PAL C 22YIO-30KMB 
K73 


55 
35 
30 
25 
PAL 
C 22YIOL-35PC 
PI3 
Commercial 


PAL C 22YIOL-35WC 
WI4 


PAL C 22YIOL-35JC 
J64 


PAL C 22YIOL-35HC 
H64 


90 
35 
30 
25 
PAL C 22YIO-35PC/PI 
PI3 
Com mercial/I 
nd ustrial 


PAL 
C 22YIO-35WC/WI 
WI4 


PAL C 22YIO-35JC/JI 
J64 


PAL C 22YIO-3SHC 
H64 


100 
40 
30 
25 
PAL C 22YIO-400MB 
014 
Military 


PAL C 22YIO-40WMB 
WI4 


PAL C 22YIO-40HMB 
H64 


PAL C 22YIO-40LMB 
L64 


PAL C 22YIO-4OQMB 
Q64 


PAL C 22Y 1O-40KMB 
K73 


~PRFSS 
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PAL C 22VIOB/P 
AL C 22VIO 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IIX 
1,2,3 


Ioz 
1,2,3 


ICC 
1,2,3 


Parameters 
Subgroups 


tPD 
7,8,9,10,11 


tco 
7,8,9,10,11 


ts 
7,8,9,10,11 


tH 
7,8,9,10,11 
• 


PAL22VIOC 


PRELIMINARY 
PAL22VPIOC 
~_.~ 
-:jj 
CYPRESS 
F 
SEMICONDUCTOR 


Features 


• 
Ultra high speed supports 
today's 


and tomorrow's 
fastest microproces- 


sors 
- 7.S-ns tpD, HI-MHz, fMAX 
• 
Up to 22 inputs and 10 outputs for 
more logic power 


• 
Variable product terms 
- 
8 to 16 per output 


• 
10 user-programmable 
output 
macrocells 
- 
Output polarity control 
- 
Registered or combinatorial 
operation 
- 
2 new feedback paths 
(PAL22VPIOC) 


Logic Block Diagram 
(PDIP/CDIP) 


Vss 


• 
Synchronous 
PRESET, asynchronous 
RESET, and PREWAD 
capability 
for flexible design and testability 
• 
High reliability 
- 
Proven Ti-W fuse technology 
- AC and DC tested at the factory 
- 
> 2001V input protection 


• 
Standard 
300-mil PDIP and CDIP 
packages 
• 
PLCC and LCC packages with addi- 
tional Vcc and Vss pins for improved 
performance 


• 
Security Fuse 
Functional 
Description 


The Cypress PAl22V1OC and PAl22VP1OC 
are 
second-generation 
programmable 
array 
logic 
devices. 
Using 
BiCMOS 
process and Ti-W fuses, the PA122V1OC 
and PA122VP1OC use the familiar sum-of- 
products (AND-OR) logic structure and a 


new concept, the programmable 
macro- 


cell. 


Both the PA122V1OC and PAl22VP1OC 
provide 12dedicated input pins and 101/0 
pins (see Logic Block Diagram). By select- 
ing each I/O pin as either permanent 
or 


temporary 
input, up to 22 inputs can be 
achieved. Applications requiring up to 21 
inputs and a single output, down to 12 in- 
puts and 10 outputs can be realizcd. The 
"OUTPUT 
ENABLE" 
product 
term 


available on each 1/0 allows this selection. 


The 
PA122V1OC 
and 
PA122VPlOC 


feature variable product term architecture, 
where 8 to 16 product terms are allocated 
to each 
output. 
This structure 
permits 


more applications to be implcmented with 
these devices than with other PAL devices 
that have fixed number of product terms 
for each output. 
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Functional 
Description 
(cont.) 


Additional features include common synchronous PRESET 
and 


asynchronous RESET product terms. They eliminate the need to 
use standard product terms for initialization functions 


Both the PA122VIOC and PAl22VPIOC 
automatically reset on 


power-up. In addition, the PRELOAD 
capability allow.; the out- 


put registers to be set to any desired state during testing. 


A security fuse is provided on each of these two devices to prevent 
copying of the device fuse pattern. 


With the programmable 
macrocells and variable product term ar- 


chitecture, 
the PAl22VIOC 
and PA122VPIOC can implement 
logic functions in the 700 to 800 gate array complexity, with the in- 
herent advantages of programmable 
logic. 


INPUT! 
FEEDBACK 
MUX 


C1 


Co 


Cz11] 


Programmable 
Macrocell 


The PA122VIOC and PA122VPIOC each has 10 programmable 
output macro cells (see Macrocell). On the PAL22VIOC two fuses 
(Cl and CO)can be programmed to configure output in one of four 
ways. Accordingly, 
each output 
can be "REGISTERED" 
or 
"COMBINATORIAl:' 
with an active HIGH or active LOW po- 


larity. The feedback to the array is also from this output (see Figure 
1). An additional fuse (C2) in the PA122VPIOC provides for two 
additional feedback paths (see Figure 2). 
Programming 


The PA122V lOCand PA122VPIOC can be program med using the 
QuickPro II programmer 
available from Cypress Semiconductor 


and also with Data va, Logical Devices, STAG and other pro- 
grammers. Please contact your local Cypress representative 
for 


further information. 


OUTPUT 
SELECT 
MUX 


Key: 
AR = Asynchronous 
RESET 


SP = Synchronous 
PRESET 


OE 
= Output 
Enable 


CP = Clock 
Pulse 


C2(1) 
C. 
Co 
Output TYpe 
Polarity 
Feedback 


0 
0 
0 
Registered 
Active LOW 
Registered 


0 
0 
1 
Registered 
Active HIGH 
Registered 


X 
1 
0 
Combinatorial 
ActiveWW 
vO 


X 
1 
1 
Combinatorial 
Active HIGH 
110 


1 
0 
0 
Registered 
Active LOW 
VOP] 


1 
0 
1 
Registered 
Active HIGH 
VOIl] 
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PAL22VIOC 
PAL22VPIOC 


C211] = 0 
C1 = 0 
CO = 0 


C2(1J = 0 
C1 = 0 
CO = 1 


C2(lj 
= X 
C1 = 1 
CO = 0 


C2[lj 
= X 
C1 = 1 
CO = 1 


C2 ~ 1 
C1 = 0 
CO = 0 


C2 = 1 
C1 = 0 
CO = 1 


PAL22VIOC 


PAL22VPIOC 


22VIOC-7 
22VIOC-IO 
22VIOC-12 
22VIOC-IS 


22VPlOC-7 
22VPIOC-IO 
22VPIOC-12 
22VPIOC-IS 


Ice (mA) 
Commercial 
190 
190 
190 


Military 
190 
190 


tPD(ns) 
Commercial 
7.5 
10 
12 


Military 
12 
15 


t, (ns) 
Commercial 
3.0 
3.6 
4.5 


Military 
4.5 
7.5 


lea (ns) 
Commercial 
6.0 
7.5 
9.5 


Military 
9.5 
10 


fMA.x(MHz) 
Commercial 
111 
90 
71 


Military 
71 
57 


Maximum 
Rating 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
DC Program Voltage.... 
IOV 
Ambient Temperature 
with 
Static Discharge Voltage. 
. . . . . . . . . . . . . .. . .. . . . .. 
> 2001V 
Power Applied 
- 55°C to + 125°C 
(per MIL-STD-883, Method 3015) 


Supply Voltage to Ground Potential . . . . . . .. - 0.5V to + 7.0V 
~'i-Iy~~t~~t~lt~~~ 
.t~.?~~.u.~ 
_ 0.5V to Vee Max. 


DC Input Voltage. . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 5.5V 


DC Input Current 
- 30 mA to + 5 mA 
(except during programming) 


Ambient 
Range 
Temperature 
Vce 


Commercial 
O°C to + 70°C 
5V:!: 
5% 


Military!2] 
- 55°C to + 125°C 
5V:!: 
10% 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., 
IOH = -3.2 mA 
Com'l 
2.4 
V 


V1N= V1Hor V1L 
IOH = -2 mA 
Mil 


VOL 
Output LOW Voltage 
Vee = Min., 
IOL = 16 mA 
Com'l 
0.5 
V 


V1N = VIHor V1L 
IOL = 12mA 
Mil 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH Voltage for All Inputs!3J 
2.0 
V 


V1L 
Input LOW Voltage 
Guaranteed 
Input Logical LOW Voltage for All Inputs!31 
0.8 
V 


II)( 
Input Leakage Current 
Vss~ 
VIN~ 
Vee, Vee = Max. 
-250 
50 
>LA 


Ioz 
Output Leakage Current 
Vee = Max., Vss~ 
VOUT~ 
Vee 
-100 
100 
>LA 


Isc 
Output Short Circuit Current 
Vee = Max., VOUT= 0.5V!4] 
-30 
-120 
mA 


Ice 
Power Supply Current 
Vee = Max., VIH = GND Outputs Open 
Com'l 
190 
mA 


Mil 
190 


Notes: 
2. 
tA is the "instant 
on" case temperature. 
3. 
These are absolute 
values with respect 
to device ground. 
AJI over- 


shoots due to system or tester noise are included. 


4. 
Not more than one output should be tested at a time. Duration 
of the 


short circuit should not be more than one second. VOUT 
= O.5V has 


been chosen to avoid test problems caused by tester ground degrada- 
tion. 


PAL22VIOC 
PAL22VPIOC 


Commercial 
Military 


-7 
-10 
-12 
-12 
-15 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tPD 
Input 
to 
Output 
Propagation 
7.5 
10 
12 
12 
15 
ns 
Delayl6] 


tEA 
Input 
to Output 
Enable 
Delay 
7.5 
10 
12 
12 
15 
ns 


tER 
Input 
to Output 
Disable 
Delay[7] 
7.5 
10 
12 
12 
15 
ns 


tea 
Clock 
to Output 
Delayl6] 
6 
7.5 
9.5 
9.5 
10 
ns 


ts 
Input 
or Feedback 
Set-Up 
Time 
3 
3.6 
4.5 
4.5 
7.5 
ns 


1" 
Input 
Hold 
Time 
0 
0 
0 
0 
0 
ns 


tp 
External 
Clock 
Period 
(tea + ts) 
9 
11.1 
14 
14 
17.5 
ns 


tWH 
Clock 
Width 
HIGHIS] 
3 
3 
3 
3 
6 
ns 


tWL 
Clock 
Width 
LOW!SI 
3 
3 
3 
3 
6 
ns 


fMAXI 
External 
Maximum 
Frequency 
111 
90 
71 
71 
57 
MHz 
(1/(teo 
+ ts))l9] 


fMAX2 
Data 
Path 
Maximum 
Frequency 
166 
166 
166 
166 
83 
MHz 
(1/(twH + tWL)'}"' 101 


fMAX3 
Internal 
Feedback 
Maximum 
133 
100 
83 
83 
66 
MHz 
Frequency 
(lI(teF 
+ ts»)!' 1] 


tCF 
Register 
Clock 
to Feedback 
4.5 
6.4 
7.5 
7.5 
7.5 
ns 
InputP21 


tAW 
Asynchronous 
Reset 
Width 
8.5 
10 
12 
12 
15 
ns 


tAR 
Asynchronous 
Reset 
5 
6 
7 
7 
10 
ns 
Recovery 
Time 


tAP 
Asynchronous 
Reset 
to 
12 
12 
14 
14 
20 
ns 
Registered 
Output 
Delay 


tSPR 
Synchronous 
Preset 
5 
6 
7 
7 
10 
ns 
Recovery 
Time 


tPR 
Power-Up 
Reset 
Time!13] 
1 
1 
1 
1 
1 
j.ls 


Notes: 
5. 
AC test load used for all parameters 
except where noted. 


6. 
ll1is specification 
is guaranteed 
for all device outputs changing state 


III a given access cycle. 


7. 
This parameter 
is measured 
as the time after output disable input that 


the previous output data state remains stable on the output. This delay 
is measured 
to the point at which a previous HIGH level has fallen to 


0.5 volts below VOH min. or a previous LOW level has risen to 0.5 volts 
above 
VOL max. 


8. 
Tested initially and after any design or process changes that may affect 
these parameters. 


9. 
Th~sspecification indicates 
the guaranteed 
maximum 
frequency 
at 


which a state machine configuration with external feedback can oper- 
ate. 
10. This specification 
indicates the guaranteed maximum frequency at 


which an individual output 
register can be cycled. 


11. This specification 
indicates 
the guaranteed 
maximum 
frequency 
at 


which a state machine configuration with internal only feedback can 
operate. This parameter 
is tested periodically by sampling production 


product. 


12. This parameter 
is calculated 
from the clock period at fMAXinternal 


(fMAX) as measured 
(see Note 11) minus ts. 
13. The registers in the PAL22VlOC/PAL22VPI0C 
have been designed 


with the capability to reset during system power-up. Following power- 
up, all registers will be reset to a logic LOW state. The output 
state 


will depend on the polarity of the output buffer. This feature is useful 
in establishing state machine initialization. To insure proper opera- 
tion, the rise in Vcc must be monotonic and the timing constraints de- 
picted in power-up reset waveforms must be satisfied. 


PAL22VIOC 


PAL22VPIOC 


Parameters 
Description 
lYpical 
Max. 
Units 


C1N 
Input Capacitance 
11 
pF 


COUT 
Output Capacitance 
9 
pF 


R1238n 
5vTI 


(319nMIL) 


OUTPUT 
R2 
.lCL 
Vjl,~MIL 
INCLUDING 
( 
) 


JIG AND 
-= 
-= 
SCOPE 
vlOC·11 


I 
Equivalent to: 
THEVENIN EQUIVALENT 


~n 
ftV 


Specification 
CL 
Package 
Measurement 
Level 


15 pF 
PDIp,CDIP 
1.5V 
tpD,tea, tCF 
50 pF 
PLeC,LeC 


15 pF 
PDIp, CDIP 
See tEAWaveform 
tEA 
50pF 
PLeC,LeC 


tER 
5 pF 
All 
See tERWaveform 


Parameter 
Vx 
Output Waveform-Measurement 
Level 


tER(-) 
1.5V 
VOH 
: 
J:. 


O.5V 
Vx 
v1Oc·12 


tER(+) 
2.6V 
VOL 
o.5v01= 
Vx 


v1Oc-13 


tEA(+) 
Vthc 
Vx 
O.5V0i:" 
VOH 


.•••1OC-14 


tEA(-) 
Vthc 
Vx 
: 
J:. 
O.5V 
VOL 
v1OC-15 


I 
Equivalent to: 
THEVENIN EQUIVALENT 


136n 
.,.. 


Switching 
Waveform 


INPUTS I/O, 
REGISTERED 
FEEDBACK 


SYNCHRONOUS 
PRESET 


Power-Up 
Reset Waveformll3) 1---------------------------- 
Vcc 


POWER 
4V 
_ 


~- 
tpR 
.1 


REGISTERED 
ACTIVE LOW 
OUTPUT 


• 


PAL22VIOC 
PAL22VPIOC 


PRELOAD DATA 


PINS 14-23 
(17-21, 23-27) 


---k 


\ 
\ 


1\ 


1\ 
/ 
, 


tOPR2 tOPR2 
'- 


'" 
" 
r- 
, 
'" 
f 
'- 
tOPR2 
tOPR2 
tOPR2 tOPR2 


I 
I 
I 
tOPR, 
IT 
'I 
tOPR' 
tOPR' 
I 
tOPRj 


tOPR' 
'{" 
7 
tOPR'Y 
tOPR' 
I 
tOPR' 


OUTPUTS 
I 
REGISTE 


DISABLED 
PRELOAD 
PRELOA 
DATA 
OUTPUT 
CLOCKED 
ENABLE 
IN 


PRELOAD DATA 
V'LP or V'HP('5) 
PRELOAD 
DATA 
REMOVED 


Notes: 
14. Pins 4 (5), 5 (6), 7 (9) at V1LP; Pins 10 (12) and 11 (13) at VIHP;Vee (Pin 24 (1 and 28» at Veep. 
15. Pins 2-8 (3-7, 9,10),10 
(12), 11 (13) can be set at VIHPor V'LP to insure asynchronous reset is not active. 


Forced 
level on register 
pin 
Register 
Q output 
state 
during 
preload 
after 
preload 


VIHP 
HIGH 


V1LP 
LOW 


Name 
Description 
Min. 
Max. 
Unit 


Vpp 
Programming 
Voltage 
9.25 
9.75 
V 


tDPRI 
Delay for Preload 
1 
IJ.S 


tDPR2 
Delay for Preload 
0.5 
>lS 


V1LP 
Input LOW Voltage 
0 
0.4 
V 


VIHP 
Input 
HIGH 
Voltage 
3 
4.75 
V 


RS 
DED, 


D 


PAL22VIOC 
PAL22VPIOC 


Functional 
Logic Diagram for PAL22VIOC/PAL22VPlOC 


1 
(2) 
36 
40 


23 
(27) 


22 
(26) 


21 
(25) • 


20 
(24) 


'3 
4 
(5) 
OE 
0 


19 
(23) 


5 
(6) 


18 
(21) 


6 
(7) 


17 
(20) 


7 
(9) 


16 
(19) 


8 
(10) 


15 


9 


(18) 


(11) 


14 


10 
(17) 
(12) 
SP 
11 
13 


(13) 
(16) 


DIP (PLCC and LCC) Pinouts 
vl()(;.19 


4-71 


PAL22VIOC 
PAL22VPIOC 


lee 
tpo 
fMAX 
Package 
Operating 


(mA) 
(os) 
(MHz) 
Orderiog Code 
1Ype 
Range 


190 
7.5 
III 
PAUZVIOC-7PC 
P13 
Commercial 


PAUZVIOC-7DC 
014 


PAUZVIOC-7JC 
J64 


PAUZVPIOC-7PC 
P13 


PA122VPIOC-7DC 
D14 


PA122VPIOC-7JC 
J64 


10 
90 
PAUZV lOC-lOPC 
P13 
Commercial 


PAUZVIOC-lODC 
D14 


PAUZVIOC-lOJC 
J64 


PA122VPIOC-IOPC 
P13 


PA122VP lOC-lODC 
D14 


PA122VPIOC-IOJC 
J64 


12 
71 
PA122VIOC-12PC 
P13 
Commercial 


PA122VIOC-12DC 
D14 


PA122VIOC-12JC 
J64 


PAl22VPIOC-12PC 
P13 


PA122VPIOC-12DC 
D14 


PA122VPIOC-12JC 
J64 


PA122VIOC-12DMB 
014 
Military 


PAUZVIOC-12LMB 
L64 


PAUZVPIOC-12DMB 
D14 


PAUZVPIOC-12LMB 
L64 


15 
57 
PAUZVIOC-15DMB 
D14 
Military 


PAUZVIOC-15LMB 
L64 


PAUZVPIOC-15DMB 
D14 


PA122VPIOC-15LMB 
L64 


:_.~ 
":iE CYPRESS 
F 
SEMICONDUCTOR 
Multipurpose BiCMOS PLD 


Features 


• 
16 I/O macrocells, 
each having: 
- 
Programmable 
combinatorial 
syn- 
chronous and asynchronous 
modes 
- 
Registers configurable 
to T-type 
and Ootype 


- Array feedback from I/O pin or 
register 


• 
160 product terms 
• 
Available in 24-pin, 3OQ-milPDIP 
and cerDIP, and 28-pin, Headed 
chip 
carriers, 
PLCCs, and LCCs 


Functional Description 


The CY7B326 is a 24-pin, multipurpose, 
high-performance 
PLD with 16 I/O ma- 
croce lis, 4 dedicated inputs, and 2 global 
clock inputs. 


CLKI provides the synchronous clock in- 
put for one bank of eight macrocells, and 
CLK2 provides the synchronous clock in- 
put for the other bank of eight macrocells. 
Output enable and selection of asynchro- 
nous or synchronous clock source are con- 
trolled with one dedicated product term 
per 
macrocell. 
An 
asynchronous 
reset 
prodUct term is provided for each macrocell. 


Each macrocell also has a register that can 
be programmed 
to be a D-type or T-type 


register. Other programmable 
options in- 
clude output polarity, registered orcombi- 
natorial output, feedback to the array from 
the I/O pin or from the register output, 
and whether the dedicated product term 
controls the output enable or the register 
clock. 


The CY78326 is available in a wide variety 
of packages including 24-pin, 3DO-milplas- 
tic and ceramic DIPs, 28-pin, square 
J- 
leaded, 
ceramic 
chip 
carriers, 
28-pin 


PLeCs, and 28-pin ceramic LeCs. 


78326-10 
78326-15 
78326-17 


Ice! (mA) 
Commercial 
150 
150 
Military 
170 
170 
tPD(ns) 
Commercial 
12 
15 
Military 
15 
17 
t, (os) 
Commercial 
10 
12 
Military 
12 
15 
leo (os) 
Commercial 
10 
12 
Military 
12 
15 


• 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + ISO°C 
DC Program Voltage 
. 
Ambient Temperature 
with 
Static Discharge Voltage 
. 


Power Applied 
- 55°C to + 125°C 
(per MIL-STD-883, Method 3015) 


Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 


~1I~o~t~St~fePI~ed 
to. o.ut~.uts 
_ O.5V to Vcc Max. 


DC Input Voltage. 
. . . . . . . . . . . .. 
- 0.5V to + 5.5V 


DC Input Current 
- 30 mA to + 5 mA 


(except during programming) 


....... 
9.5V 
> 2001V 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 5% 


Militaryl1] 
- 55°C to + 125°C 
5V ± 10% 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., 
IOH = -4 mA 
2.4 
V 


V1N= VIHor V1L 


VOL 
Output LOW Voltage 
Vee = Min., 
IOL = 8 mA 
0.5 
V 


V1N = VIHor V1L 


VIH 
Input HIGH Voltage 
Guaranteed 
Input Logical HIGH Voltage for All Inputsl2] 
2.0 
V 


V1L 
Input LOW Voltage 
Guaranteed 
Input Logical LOW Voltage for All Inputs121 
0.8 
V 


Irx 
Input Leakage Current 
Vss.s.. V,N.s.. Vee, Vee = Max. 
-250 
50 
~ 


Ioz 
Output Leakage Current 
Vee = Max., Vss.s.. VOUT.s..Vee 
-100 
100 
~ 


Isc 
Output Short Circuit Current 
Vee = Max., VOUT= 0.5V!3] 
-30 
-130 
mA 


Ieel 
Power Supply 
Vee = Max., VIH = GND, Outputs Open 
Com'l 
150 
mA 
Current Standby 
Mil 
170 


Iee2 
Power Supply Current 
Vee = Max., Outputs Disabled (in High Z 
Com'l 
170 
mA 
at Frequency 
State), Device Operating at fMAX 
Mil 
190 


Parameters 
Description 
lYpical 
Max. 
Units 


C1N 
Input Capacitance 
11 
10 
pF 


COUT 
Output Capacitance 
9 
10 
pF 


Notes: 
1. 
tA is the "instant on" case temperature. 
2. 
Minimum DC input voltage is -0.3Y. During transitions, the inputs 
may undershoot to -2.0V for periods lessthan 20 ns. 
3. 
Not more than one output shouldbe tested at a time.Duration of the 
short circuit should not be more than one second.VOUT= O.SVhas 
been chosen to avoid test problems caused by ground degradation. 


+5V 
~::rl::: 


OV 
OV 


(a) Nunnal Load (Load 1) 


6326-7 


R=158!l 
R=158!l 


OUTPUT~ 
OUTPUT~ 


C = 35 pFT 
I 
VTH = 1.TN 
C = 5 pFT 
1 Vx 


ov 
OV 


(b) Thevenin Equivalent (Load 1) 
(c) Three-slale Delay Load (Load 2) 


Parameter 
Vx 
Output Waveform-Measurement 
Level 


lER(_) 
1.5V 
VOH 
: 
~ 
O.5V 
Vx 
6326 3 


lER(+) 
2.6V 


O.5V01=' 
Vx 
VOL 
6326-4 


lEA(+) 
VTH 
O.5V01=' 


VOH 
Vx 
6326-5 


lEA(_) 
VTH 
Vx 
: 
~ 
O.SV 
VOL 
6326 6 


Switching Waveform 


INPUTS 110, 


REGISTERED 
FEEDBACK 


SYNCHRONOUS 
PRESET 


SYNCHRONOUS 
OR 


ASYNCHRONOUS 


CLOCK INPUT 


_ 
_ 
~IPD 
COMBINATORIAL 
OUTPUTS 


78326-12 
78326-15 
78326-17 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tPD 
Input to Output Propagation Delayl7l 
Com'! 
12 
15 
ns 


Mil 
15 
17 


tEA 
Input to Output Enable Delay 
Com'l 
12 
15 
ns 


Mil 
15 
17 


tER 
Input to Output Disable Delayl"] 
Com'l 
12 
15 
ns 


Mil 
15 
17 


leo 
Clock to Output Delayl7] 
Com'l 
10 
12 
ns 


Mil 
12 
15 


ts 
Input or Feedback Set-Up Time 
Com'l 
10 
12 
ns 


Mi~ 
12 
15 


tH 
Input Hold Time 
Com'l 
0 
0 
ns 


Mil 
0 
0 


tp 
External Clock Period (lea + ts) 
Com'l 
20 
24 
ns 


Mil 
24 
30 


tWH 
Clock Width HIGHI41 
Com'l 
7 
9 
ns 
, 
Mil 
10 
11 


tWL 
Clock Width LOW41 
Com'l 
7 
9 
ns 


Mil 
10 
11 


fMAX1 
External Maximum Frequency (lI(tco + tS))l9] 
Com'! 
50 
41.7 
MHz 


Mi! 
41.7 
33.3 


fMAJ(2 
Data Path Maximum Frequency (1/(twH + twd)l4.lOj 
Com'l 
71.4 
55.6 
MHz 


Mi! 
50 
45.5 


fMAJ(J 
Internal Feedback Maximum 
Com'! 
50 
40 
MHz 


Frequency (lI(leNT))161 
Mil 
40 
33.3 


leNT 
Minimum Clock Period with Internal Feedback(111 
Com'l 
20 
25 
ns 


Mil 
25 
30 


tAW 
Asynchronous 
Reset Width 
Com'l 
8 
10 
ns 


Mil 
10 
12 


tAR 
Asynchronous 
Reset Recovery Time 
Com'l 
10 
12 
ns 


Mil 
12 
15 


tAP 
Asynchronous 
Reset to Registered Output De!~y 
Com'l 
12 
14 
ns 


Mil 
14 
17 


toH 
Output Data Stable Time from 
Com'l 
1 
1 
ns 


Synchronous Clock Input 
Mil 
1 
1 


tAS 
Input Set-Up Time to Asynchronous 
Clock 
Com'l 
10 
12 
ns 


Mil 
12 
14 


tAH 
Input Hold Time from Asynchronous 
Clock 
Com'l 
10 
12 
ns 


Mil 
12 
14 


tACO 
Asynchronous 
Clock to Output Delay 
Com'l 
20 
25 
ns 


Mil 
25 
30 


tACNT 
Minimum 
Asynchronous 
Clock 
Period 
Com'l 
20 
25 
ns 
with Internal Feedback 
Mil 
25 
30 


78326-12 
78326-15 
78326-17 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


fMAXAl 
External 
Maximum 
Frequency 
Com'l 
33.3 
27 
MHz 
Asynchronous 
(1/(t",s + tACO)) 
Mil 
27 
22.7 


fMAXAl 
Internal 
Maximum 
Frequency 
Com'l 
50 
40 
MHz 


Asynchronous 
lIt:ACNT 
Mil 
40 
33.3 


tAOH 
Output 
Data 
Stable 
Time 
from 
Com'l 
1.5 
1.5 
ns 


Asynchronous 
Clock 
Input 
Mil 
1 
1 


Notes: 
5. 
AC test load used for all parameter> 
except where noted. 
6. 
This specification 
indicates 
the guaranteed 
maximum 
frequency 
at 


which a state machine configuration 
with internal only feedback can 


operate. 
This parmeter 
is tested periodically 
by sampling product. 


7. 
This specification 
is guaranteed 
for all device outputs changing state 


In a given access cycle. 


8. 
This parameter is measured as the time after output disable input that 
the previous output data state remains stable on the output. This delay 
is measured 
to the point at which a previous HIGH level has fallen to 
Programming 
The 
CY7B326 
can 
be programmed 
using 
the 
QuickPro 
II pro- 


grammer 
available 
from 
Cypress 
Semiconductor 
and 
also 
with 


Data 
I/O, 
Logical 
Devices, 
STAG, 
and other 
programmers. 
Please 


contact 
your 
local Cypress 
representative 
for further 
information. 


0.5 volts below VOH min. or a previous WW level has risen to 0.5 volts 
above VOL max. 


9. 
This specification 
indicates the guaranteed maximum frequency at 


which a state machine configuration with external feedback can oper- 


ate. 
4 


10. This specification 
indicates 
the guaranteed 
maximum 
frequency 
at 


which an individual output register can be cycled. 


11. This parameter 
is calculated 
from the clock period at fMAXinternal 
(fMAX3)as measured 
(see Note 10) minus ts. 


GLOBAL SYNCHRONOUS 
CLOCK (ONE PIN PER 
EIGHT MACROCELLS) 


0(0) OR 
T(1) TYPE 
o 


ASYNCHRONOUS CLOCK/OUTPUT 
ENABLE PRODUCT TERM 
(ONE PER MACROCELL) 


ASYNCHRONOUS 
RESET 


PRODUCT TERM 
(ONE PER MACROCELL) 


PRELIMINARY 


tPD 
fMAX> 
Package 
Operating 
(ns) 
(MHz) 
Ordering Code 
l)'pe 
Range 


12 
71 
CYm326-12PC 
P13 
Commercial 


CY7B326-12DC 
014 


Cym326-12JC 
J64 


15 
55 
CY7B326-12PC 
P13 
Commercial 


cYm326-15DC 
014 


Cym326-15JC 
J64 


50 
Cym326-15DMB 
014 
Military 


CY7B326-15LMB 
1.64 


17 
45 
CY7B326-17DMB 
D14 
Military 


CY7B326-17LMB 
1.64 


Features 


• 
12 I/O 
macro cells each having: 


- 
registered, 
three· state 
I/O 


pins 
- 
input register 
clock select 


multiplexer 
- 
feed back multiplexer 


- 
output 
enable (OE) 
multiplexer 
• 
All twelve macro cell state 
registers 
can be hidden 


• 
User configurable 
state 
registers-JK, 
RS, T, or D 


• 
Input 
multiplexer 
per pair of 
I/O 
macro cells allows I/O 
pin 


associated 
with a hidden macro 
cell state 
register 
to be saved for 
use as an input 
• 
4 dedicated 
hidden registers 
• 
11 dedicated, 
registered 
inputs 
• 
3 separate 
clocks-2 
inputs, 
1 output 
• 
Common 
(PIN 
14 controlled) 
or 
product 
term controlled 
output 


enable for each I/O 
pin 


CMOS Programmable 


Synchronous State Machine 


• 
256 product 
terms-32 
per pair 


of macro cells, variable 
distribution 


• 
Global, synchronous, 
product 


term controlled, 
state 
register 


set and reset-inputs 
to product 


term are clocked by input clock 


• 
66 MHz 
operation 
- 
3 ns input setup and 12 ns 
clock to output 
- 
15 ns input register 
clock to 


state 
register 
clock 


• 
Low power 
-130 
mA lee 


• 
28 pin 300 mil DIP, 
LCC 


• 
Erasable 
and reprogram mabie 


Product Characteristics 


The CY7C330 is a high-performance, 
eraseable, programmable, 
logic device 
(EPLD) 
whose architecture 
has been 


optimized 
to enable the user to easily 
and efficiently construct 
very high per- 
formance synchronous 
state machines. 


The unique architecture 
of the 


CY7C330, 
consisting of the user-con- 
figurable output macrocell, 
bi-direc- 
tional 110 capability, 
input registers, 


and three separate clocks, enables the 
user to design high performance 
state 


machines 
that can communicate 
either 
with each other or with microproces- 
sors over bi-directional 
parallel busses 


of user-definable 
widths. 


The three separate clocks permit inde- 
pendent, synchronous 
state machines 


to be synchronized 
to each other. The 


two input clocks, Cl, C2, enable the 
state machine to sample input signals 
that may be generated 
by another 
sys- 
tem and that may be available on its 
bus for a short period of time. 


The user-configurable 
state register 


flip-flops enable the designer to desig- 
nate JK, RS, T, or D type devices, so 
that the number of product 
terms re- 


quired to implement 
the logic is mini- 
mized. 


LCC Pinout 


.:).~ d~~ 
~ 


" . , 2:!:282726 
, 
" 


" , 
.. 
I/Os 
I/0. 
'. , 
" 
I/O~ 


'" . 
" '« 


" . 
" '" 
'. " 
" 


1/°6 
," 
" 


1/°1 


121314151617111 
-- --,~ii~~ 
0101-14 


PLCC Pinout 
., 2"'282726 


" , 
" 
I/OJ 


" 
, 
.. 
I/O. 
'. , 
" 


I/O~ 


'" . 
" '« 
., . 
" '" 
" 
" 


20 
I/0. 
., " 
" 
1/°1 


12131415161718 


_.~~ii!f!ff: 


0101-15 


CY7C330·66 
CY7C330·50 
CY7C330·40 
CY7C330·33 
CY7C330·28 


Maximum Operating Frequency (MHz) 
Commercial 
66.6 
50.0 
33.3 


Military 
50.0 
40.0 
28.5 


Power Supply Current ICCI (mA) 
Commercial 
140 
130 
130 


Military 
160 
150 
ISO 


~PR55 
'nEMICONDUCTOR 


Product Characteristics (Continued) 
The major functional 
blocks of the CY7C330 are (I) the 
input registers and (input) clock multiplexers, 
(2) the 


EPROM 
(AND) 
cell array, (3) the twelve 110 macrocells 


and (4) the four hidden registers. 


Input Registers 
and Clock Multiplexers 


There are a total of eleven dedicated 
Input Registers. Each 
Input Register consists of a D flip-flop and a clock multi- 
plexer. The clock multiplexer 
is user-programmable 
to se- 
lect either CK I or CK2 as the clock for the flip-flop. CK2 
and OE can alternatively 
be used as inputs to the array. 
The twenty-two 
outputs 
of the registers (i.e. the Q and Q 


outputs of the input registers) drive the array of EPROM 
cells. 
An architecture 
configuration 
bit (C4) is reserved for each 
Dedicated 
Input Register cell to allow selection of either 


input clock CK I or CK2 as the input register clock for 
each Dedicated 
Input Cell. If the CK2 clock is not needed 


that input may also be used as a general purpose array 
input. In this case the Input Register for this input can 
only be clocked by input clock CK 1. Figure I illustrates 
the Dedicated 
Input Cell composed 
of input register, Input 


Clock Multiplexer, 
and architecture 
configuration 
bit C4 


which determines 
the input clock selected. 


I/O 
Macro Cell 


The logic diagram 
of the CY7C330 110 macro cell is 


shown in Figure 2. There are a total of twelve indentical 
macro cells. 
Each macro cell consists of: 
- 
An Output 
State Register which is clocked by the global 


state counter 
clock, CLK 
(PIN 
I). The State Register 


can be configured 
as a D, JK, RS, or T flip-flop (default 
is a D-type 
flip-flop). 
Polarity 
can be controlled 
in the 
D flip-flop 
implementation 
by use of the exclusive 
or 


function. 
Data is sampled on the LOW to HIGH 
clock 


transition. 
All of the State 
Registers 
have a common 


reset 
and 
set which 
are controlled 
synchronously 
by 
Product 
Terms which are generated 
in the EPROM 
cell 


array. 


- 
A Macro Cell Input 
Register 
which may be clocked by 
either the CK I or CK2 input clock as programmed 
by 
the 
user 
by use of architecture 
configuration 
bit C2 


which controls 
the 110 Macro Cell Input 
Clock Multi- 


plexer. 
The Macro 
Cell Input 
Registers 
are initialized 


on power up such that all of the Q outputs 
are at logic 
LOW level and the Q outputs 
are at a logic HIGH 
level. 


- 
An Output 
Enable Multiplexer 
(OE), which is user-pro- 


grammable, 
by architecture 
configuration 
bit CO, to se- 
lect either 
the common 
OE signal from pin 14 or, for 


each cell individually, 
the signal from the Output 
En- 


able product 
term associated 
with each macro cell. The 


Output 
Enable input signal to the array product 
term is 


clocked through 
the input register by the selected input 


register clock, CK I or CK2. 


- 
An 
input 
Feed 
Back 
Multiplexer 
which 
is user-pro- 


grammable 
to select either the output of the State Regis- 


ter or the output 
of the Macro Cell Input Register to be 
fed back into the array. This option 
is programmed 
by 


architecture 
configuration 
bit CI. 
If the output 
of the 
Macro Cell Input 
Register is selected by the Feed Back 


Multiplexer, 
the 110 pin becomes bi-directional. 


Macro Cell Input Multiplexer 


Each pair of 110 macro cells share a Macro Cell Input 
Multiplexer 
which selects the output 
of one or the other of 


the pair's input registers to be fed to the input array. This 
multiplexer 
is shown in Figure 2. The Macro Cell Input 


Multiplexer 
allows the input pin of a macro cell, for which 


the state register has been hidden by feeding back its input 
to the input array, to be preserved for use as an input pin. 
This is possible as long as the other macro cell of the pair is 
not needed as a input or does not require State Register 
feed back. The input pin input register output which would 
normally 
be blocked by the hidden State Register feed back 


can be routed to the array input path of the companion 
macro cell for use as array input. 


State Registers 
By use of the exclusive or gate the State Register may be 
configured 
as a JK, RS or T Register. The default is a 
4 


D-Type register. For the D-Type register, the exclusive or 
function can be used to select the polarity or the register 
output. 
The set and reset of the State Register are global synchro- 
nous signals which are controlled 
by the logic of two global 
product 
terms for which input signals are clocked through 


the input registers by either of the input clocks, CK I or 
CK2. 


Hidden Registers 
In addition 
to the twelve macro cells, which contain a total 
of twenty-four 
registers, there are four hidden registers 


whose outputs 
are not brought out to the device output 


pins. The Hidden State Register Macro Cell is shown in 
Figure 3. 
The four hidden registers are clocked by the same clock as 
the macrocell state registers. All of the hidden register flip- 
flops have a common, 
synchronous 
set, S, as well as a com- 


mon, synchronous 
reset, R, which over-ride the data at the 


D input. The Sand 
R signals are PRODUCT 
TERMS 
that 


are generated 
in the array and are the same signals used to 


preset and reset the state register flip-flops. 


Macrocell 
Product 
Term Distribution 


Each pair of macrocells 
has a total of thirty-two 
product 


terms. Two product 
terms of each macrocell pair are used 


for the output enables (OEs) for the two output 
pins. Two 


product 
terms are also used as one input to each of the two 


exclusive OR gates in the macrocell 
pair. The number of 


product 
terms available to the designer is then 32 - 
4 = 


28 for each macrocell pair. These product 
terms are divid- 


ed between the macro cell state register flip-flops as shown 
in Table 1. 


Macro Cell 
Pin No. 
Product Terms 


0 
28 
9 


1 
27 
19 


2 
26 
11 
3 
25 
17 
4 
24 
13 


5 
23 
15 


6 
20 
15 
7 
19 
13 
8 
18 
17 


9 
17 
11 
10 
16 
19 


II 
15 
9 
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Product Characteristics (Continued) 


Hidden State Register 
Product 
Term Distribution 


Each pair of hidden registers also has a total of 32 product 
terms. Two product 
terms are used as one input to each of 
the exclusive OR gates. However, because the register out- 
puts do not go to any output 
pins, output enable product 


terms are not required. 
Therefore, 
30 product 
terms are 


available to the designer for each pair of hidden registers. 
The product 
term distribution 
for the four hidden registers 
are shown in Table 2. 


Hidden Register Cell 
Product Terms 


0 
19 


I 
11 


2 
17 
3 
13 


Architecture 
Configuration 
Bits 


The architecture 
configuration 
bits are used to program 
the 


multiplexers. 
The function of the architecture 
bits is out- 
lined below. 


Architecture 
Number 
Value 
Function 
Configuration Bit 
of Bits 


CO 
Output Enable 
12 Bits, I Per 
0-- Virgin State 
Output Enable Controlled by Product Term 
Select MUX 
I/O Macro Cell 
I-Programmed 
Output Enable Controlled by Pin 14 


CI 
State Register 
12 Bits, 1 Per 
0-- Virgin State 
State Register Output is Fed Back to Input Array 


Feed Back MUX 
I/O Macro Cell 
I-Programmed 
I/O Macro Cell is Configured as an Input 
and Output of Input Register is Fed to Array 


C2 
I/O Macro 
12 Bits, I Per 
O--Virgin State 
CK I Input Register Clock (Pin 2) is Connected 
Cell Input 
I/O Macro Cell 
to I/O Macro Cell Input Register Clock Input 
Register Clock 
I-Programmed 
CK2 Input Register Clock (Pin 3) is Connected 
Select MUX 
to I/O Macro Cell Input Register Clock Input 


C3 
I/O Macro Cell 
6 Bits, I Per 
O--Virgin State 
Selects Data from I/O Macro Cell Input Register 


Pair Input 
I/O Macro Cell 
of Macro Cell A of Macro Cell Pair 


SelectMUX 
Pair 
I-Programmed 
Selects Data from I/O Macro Cell Input Register 
of Macro Cell B of Macro Cell Pair 


C4 
Dedicated Input 
11 Bits, I Per 
0-- Virgin State 
CK I Input Register Clock (Pin 2) is Connected 
Register Clock 
Dedicated Input 
to Dedicated Input Register Clock Input 
SeIectMUX 
Cell 
I-Programmed 
CK2 Input Register Clock (Pin 3) is Connected 
to Dedicated Input Register Clock Input 
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PIN 
14:0[ 


OUTPUT 
ENABLE 
PRODUCT 
TER~ 


OUTPUT 


ENABLE 
~UX 


INPUT 
CLOCK 
~UX 
• 


~~oucrOR 
CY7C330 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65'C to + 150'C 
Static Discharge 
Voltage 
> 200 IV 
Ambient Temperature 
with 
(per MIL-STD-883 
Method 
3015) 


Power Applied 
- 55'C to + 125'C 
Latchup 
Current 
> 200 mA 


Supply Voltage to Ground 
Potential 
DC Programming 
Voltage 
13.0V 
(Pin 22 to Pins 8 and 21) 
-0.5V 
to + 7.0V 
Operating 
Range 


DC Voltage Applied to Outputs 
in High Z State 
-0.5V 
to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


Output 
Current 
into Outputs 
(Low) 
12 mA 


Range 
Ambient 
VCC 
Temperature 


Commercial 
O'C to + 75'C 
5V ± 10% 


Military[SI 
- 55'C to + 125'C 
5V ± 10% 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output 
HIGH 
Voltage 
VCC = Min., 
IOH = 
-3.2mA 
COM'L 
2.4 
V 


VIN = VIH or VtL 
IOH = 
-2mA 
MIL 


VOL 
Output 
LOW Voltage 
VCC = Min., 
IOL=12mA 
COM'L 
0.5 
V 
VIN = VIH or VIL 
IOL = 8 mA 
MIL 


VlH 
Input HIGH 
Level 
Guaranteed 
Input Logical HIGH 
Voltage for All Inputs[11 
2.2 
V 


VIL 
Input 
LOW Level 
Guaranteed 
Input Logical LOW Voltage for All Inputs[ll 
0.8 
V 


Itx 
Input Leakage Current 
VSS';; VIN ,;; Vcc, Vcc 
= Max. 
-10 
10 
f1A 


IOZ 
Output 
Leakage Current 
VCC = Max. VSS ,;; VOUT ,;; VCC 
-40 
40 
f1A 


IsC 
Output 
Short Circuit Current 
Vcc 
= Max., VOUT = 0.5V[21 
-30 
-90 
mA 


COM'L 
(-66 MHz) 
140 
mA 


ICCI 
Standby 
Power Supply 
Vcc 
= Max., VIN = GND 
COM'L 
130 
mA 
Current 
Outputs 
Open 
MIL (-50 MHz) 
160 
mA 


MIL 
150 
mA 


Vcc 
= Max. 
COM'L 
(-33 MHz & -50 MHz) 
160 
mA 


ICC2 
Power Supply Current 
Outputs 
Disabled 
(in High Z State) 
COM'L 
(-66 MHz)[IS) 
180 
mA 
at Frequency 
[3,71 
Device Operating 
at fMAX 
MIL (-28 MHz & -40 MHz) 
180 
mA 


External 
(fMAXI) 


MIL (-50 MHz)[ISI 
200 
mA 


Parameters 
Description 
Test Conditions 
Min 
Max 
Units 


CIN 
Input Capacitance 
VIN = 2.0V@f= 
1 MHz 
10 
pF 
COUT 
Output 
Capacitance 
VOUT = 2.0V @ f = 
I MHz 
10 
Notes: 
1. These are absolute values with respect to device ground and all over- 


shoots due to system or tester noise are included. 
2. Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. VOUT = O.5V has 
been chosen to avoid test problems caused by tester ground degrada- 
tion. 
3. Tested initially and after any design or process changes that may 
affect these parameters. 
4. Figure 40 test load used for all parameters except tCEA. tCER. tpzx 
and tpxz. 
Figure 
4b test load for tCEA, tCER. tpzx, tpxz. 
5. TA is the "instant on" case temperature. 
6. See the last page of this specification for Group A subgroup testing 
information. 
7. This parameter is sample tested periodically. 
8. This parameter is measured as the time after output register disable 
input that the previous output data state remains stable on the output. 
This delay is measured to the point al which a previous high level has 
fallen 10 O.5V below VOH Min or a previous low level has risen to 
O.5V above VOL Max. Please see Figure 
6 for enable and disable test 
waveforms and measurement reference levels. 


9. This parameter is measured as the time after output register clock 
input that the previous output data state remains stable on the output. 


10. This difference parameter is designed to guarantee that any 


CY7C330 output fed back to its own inputs externally or internally 
will satisfy the input register minimum input hold time. This param- 
eter is guaranteed for a given individual device and is tested by a 
periodic sampling of production product. 


11. This specification is intended to guarantee feeding of this signal to 


another 33X family input register cycled by the same clock with 
sufficient output data stable time to insure that the input hold time 
minimum of the following input register is satisfied. This parameter 
difference specification is guaranteed by periodic sampling of pro- 
duction product ofCYC330 and CY7C332. This difference parame- 
ter is guaranteed to be met only for devices at the same ambient 
temperature and Vcc supply voltage. 


12. This specification indicates the guaranteed maximum frequency at 


which a state machine configuration with external feed back can 
operate. 


13. This specification indicat~ 
the guaranteed maximum frequency at 


which an individual input or output register can be cycled. 


14. This specification indicates the guaranteed maximum frequency at 


which a state machine configuration with only internal feedback can 
operate. This parameter tested periodically on a sample basis. 
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Commercial 
Military 


Parameters 
Description 
-66 
-50 
-33 
-50 
-40 
-28 
Units 


Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 


tIS 
Input or Feedback Setup Time 
3 
5 
10 
5 
5 
10 
ns 
to Input Register Clock 


tos 
Input Register Clock to 
IS 
20 
30 
20 
25 
35 
ns 
Output Register Clock 


tco 
Output Register Clock 
12 
IS 
20 
IS 
20 
25 
ns 
to Output Delay 


tlH 
Input Register Hold Time 
5 
5 
5 
5 
5 
5 
ns 


tCEA 
Input Register Clock To 
20 
20 
30 
20 
25 
35 
ns 
Output Enable Delay 


tCER 
Input Register Clock to 
20 
20 
30 
20 
25 
35 
ns 
Output Disable Delay[SJ 


tpzx 
Pin 14 Enable to Output 
20 
20 
30 
20 
25 
35 
ns 
Enable Delay 


tpxz 
Pin 14 Disable to Output 
20 
20 
30 
20 
25 
35 
ns 
Disable Delay(S] 


tWH 
Input or Output Clock Width High[3. 7] 
6 
8 
12 
8 
10 
IS 
ns 


tWL 
Input or Output Clock Width Low[3. 7J 
6 
8 
12 
8 
10 
IS 
ns 


tp 
External Clock Period (tco + tIS) 
IS 
20 
30 
20 
25 
35 
ns 
Input and Output Clock Common 


tOH 
Output Data Stable Time from 
3 
3 
3 
3 
3 
3 
ns 
Synchronous Clock Inputl9] 


Output Data Stable Time 


tOH-tIH 
This Device Minus lIP Reg 
0 
0 
0 
0 
0 
0 
ns 


Hold Time Same Device(lO] 


tOH- 
Output Data Stable Time Minus liP 
0 
0 
0 
0 
0 
0 
tIH 33X 
Reg Hold Time 7C330 & 7C332(llJ 
ns 


fMAXI 
External Maximum Frequency 
66.6 
50.0 
33.3 
50.0 
40.0 
28.5 
MHz 
(l/(tco 
+ tIS»(12J 


fMAX2 
Maximum Register Toggle Frequency 
83.3 
62.5 
41.6 
62.5 
50.0 
33.3 
MHz 
(l/(tWH + twL»(7. 13] 


fMAX3 
Internal Maximum Frequency(14] 
74.0 
57.0 
37.0 
57.0 
45.0 
30.0 
MHz 
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_ 


Rl 
313!l 


5vn 


(470fi 
MIL) 


OUTPUT 


50 pF 
~~an 


INCLUOING I 
(319fi 
MIL) 
JIG AND 


SCOPE 
-=- 


Rl 


313il. 


5V TIC470fi 
MIL) 


OUTPUT 


5pF 
~~an 
I 
(319fiMIL) 


Switching Waveforms 


I/o INPUTS. REGISTERED 
FEEDBACK 
INPUTS 


t 
J---181 
pxz 
tpZX[81 


PIN ~ 
_ 


CY7C330 


~-----------'TO 
LOWER 
SECTION 
---J 


CY7C330 Block Diagram (Page 1 of 2) 
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Parameter 
Vx 
Output 
Waveform-Measurement 
Level 


lPXZ( -) 
1.5V 
°bk 


VOH 


Vx 
0101-19 


tpxz(+) 
2.6V 
opr 


Vx 


VOL 


0101-20 


lpzx(+) 
Vthc 
Ft= 


VOH 


Vx 


0101-21 


lPZX(-) 
Vthc 
rk 


Vx 


VOL 
0101-22 


lCER(-) 
1.5V 
°bk 


VOH 


Vx 
0101-19 


lCER(+) 
2.6V 
ofrt:= 


Vx 


VOL 


0101-20 


tCEA( +) 
Vthc 
Ft= 


VOH 


Vx 


0101-21 


tCEA(-) 
Vthc 
o}nL 
Vx 


VOL 
0101-22 


• 
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fmox (MHz) 
ICCt (mA) 
Ordering Code 
Package 
Operating Range 


66.6 
140 
CY7C330-66PC 
P21 
Commercial 


CY7C330-66WC 
W22 


CY7C330-66JC 
J64 


CY7C330-66HC 
H64 


50 
160 
CY7C330-50DMB 
D22 
Military 


CY7C330-50WMB 
W22 


CY7C330-50HMB 
H64 


CY7C330-50LMB 
L64 


CY7C330-50TMB 
T74 


CY7C330-5OQMB 
Q64 


50 
130 
CY7C330-50PC 
P21 
Commercial 


CY7C330-50WC 
W22 


CY7C330-50JC 
J64 


CY7C330-50HC 
H64 


40 
150 
CY7C330-40DMB 
022 
Military 


CY7C330-40WMB 
W22 


CY7C330-40HMB 
H64 


CY7C330-40LMB 
L64 


CY7C330-40TMB 
T74 


CY7C330-4OQMB 
Q64 


33.3 
130 
CY7C330-33PC 
P21 
Commercial 


CY7C330-33WC 
W22 


CY7C330-33JC 
J64 


CY7C330-33HC 
H64 


28.5 
150 
CY7C330-28DMB 
D22 
Military 


CY7C330-28WMB 
W22 


CY7C330-28HMB 
H64 


CY7C330-28LMB 
L64 


CY7C330-28TMB 
T74 


CY7C330-28QMB 
Q64 


u.I..l.L.I.I..l.nn.l. 
tt.::Jc'£"\...-.1I".l\...-J-\..1.lVl~i:' 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IIX 
1,2,3 


Ioz 
1,2,3 


ICC 
1,2,3 


Parameters 
Subgroups 


tiSU 
7,8,9,10, 
II 


tosu 
7,8,9,10,11 


tco 
7,8,9,10,11 


tH 
7,8,9,10,11 


tCEA 
7,8,9,10,11 


tpzx 
7,8,9,10,11 


--"~ 
°f..E-'CYPRESS 
, 
SEMICONDUCTOR 


Features 


• 
12 110 macrocells 
each having: 
- 
One state 
Flip-Flop 
with an 
XOR sum or products 
input 
- 
One feedback 
Flip-Flop 
with 
input coming from the I/O 
pin 
- 
Independent 
(product 
term) 
set, reset, and clock inputs on 
all registers 
- 
Asynchronous 
bypass 
capability 
on all registers, 


under 
product 
term control 
(r = s = 1) 


- 
Global 
or local output 
enable 
on tristate 
I/O 
- 
Feedback 
from either 
register 
to the array 


• 
192 product 
terms with variable 
distribution 
to macrocells 


Asynchronous 
Registered 
EPLD 


• 
13 inputs, 
12 feedback 
I/O 
pins, 
plus 6 shared 
I/O 
macrocell 
feedbacks 
for a total of 31 true 
and complementary 
inputs 


• 
High speed: 20 tpD ns maximum 


• 
Security 
bit 


• 
Space saving 28 pin slim-line 
DIP 
package; 
also available 
in 
28 pin PLCC 


• 
Low power 
- 
90 mA typical 
Ice 
quiescent 
- 
180 mA Ice 
maximum 
- 
UV-Eraseable 
and 
reprogrammable 
- 
Programming 
and operation 
100% testable 


Product Characteristics 


The CY7C331 is the most versatile 
PLD available for asynchronous 
de- 
signs. Central resources include 12 full 
D-type Flip-Flops 
with separate 
set, re- 
set and clock capability. 
For increased 


utility, XOR gates are provided at the 
D-inputs 
and the product 
term alloca- 


tion per Flip-Flop 
is variably distribut- 
ed. 


I/O Resources 


Pins I through 
7 and 9 through 
14 
serve as array inputs; pin 14 may also 
be used as a global output enable for 
the 110 macrocell tristate outputs. 
Pins 


15 through 
20 and 23 through 
28 are 
connected 
to 110 macrocells 
and may 


be managed as inputs or outputs de- 
pending on the configuration 
and the 


macrocell OE terms. 


I/O" 
1/010 1/09 
I/0. 
1/07 
1/06 
Vss 
vcc 
I/os 
I/0. 
I/0, 
1/02 
I/0, 
1/00 


0100-1 


Generic 
Ieel mA 
tpo os 
ts os 
teo ns 
Part Number 
Com 
Mil 
Com 
Mil 
Com 
Mil 
Com 
Mil 


CY7C331-20 
130 
20 
12 
20 


CY7C331-25 
120 
160 
25 
25 
12 
15 
25 
25 


CY7C331-30 
150 
30 
15 
30 


CY7C331-35 
120 
35 
15 
35 


CY7C33 1-40 
150 
40 
20 
40 
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I/O 
Resources 
(Continued) 


It should be noted that there are two ground connections 
(pins 8 and 21) which, together 
with Vcc (pin 22) are 
located centrally 
on the package. The reason for this place- 


ment and dual ground structure 
is to minimize the ground- 


loop noise when the outputs are driving simultaneously 
into a heavy capacitive 
load. 


Figure 1. Macrocell 


The CY7C331 has 12 macrocells. 
Each macrocell 
has two 


D-type Flip-Flops. 
One is fed from the array, and one is fed 


from the 110 pin. For each Flip-Flop 
there are 3 dedicated 


product 
terms driving the R, S, and Clock inputs respec- 


tively. Each macrocell 
has one input to the array and for 


each pair of macrocells 
there is one shared input to the 
array. The macrocell 
input to the array may be configured 


to come from the 'Q' output 
of either Flip-Flop. 


The D-type Flip-Flop 
which is fed from the array (i.e., the 
state Flip-Flop) 
has a logical XOR function on its input 


which combines a single product 
term with a sum (OR) of 


a number of product 
terms. The single product 
term is used 


to set the polarity of the output 
or to implement 
toggling 


(by including 
the current 
output in the product 
term). 


The Rand 
S inputs to the Flip-Flops 
override the current 


setting of the 'Q' output. 
The S input sets 'Q' true and the 


R input 'resets' 'Q' (sets it false). If both Rand 
S are assert- 


ed (true) 
at once, 
then 
the output 
will follow the input 


('Q' = 'D'). 


R 
S 
Q 


I 
0 
0 


0 
1 
I 
I 
I 
D 


R-S Truth Table 


0- 
OUTPUT 
FRQIri4 
INPUT 
REGISTER 
OF 
I/o 
Iri4ACRO 
CELL 
A 


0- 
OUTPUT FROI.l 


INPUT 
REGISTER 
OF 
I/O 
"ACRO 
CELL B 


Figure 2. Shared Input Multiplexer 


Shared Input Multiplexer 
• 


The input associated 
with each pair of macrocells 
may be 


configured 
by the shared input multiplexer 
to come from 


either macrocell; 
the 'Q' output of the Flip-Flop 
coming 


from the 110 pin is used as the input signal source. 


Product 
Term Distribution 


The product 
terms are distributed 
to the macrocells 
such 


that 32 product 
terms are distributed 
between two adjacent 


macrocells. 
The pairing of macrocells 
is the same as it is for 


the shared inputs. 8 of the product 
terms are used in each 


macrocell for set, reset, clock, OE and the upper part of the 
XOR gate. This leaves 16 product 
terms per pair of macro- 
cells to be divided between the sum-of-product 
inputs to 


the two state registers. The following table shows the I/O 
pin pairing for shared inputs, and the product 
term 
(P-Term) 
allocation 
to macrocells 
associated 
with the 110 


pins. 


Macrocell 
Pin Number 
Product Terms 


0 
28 
4 


I 
27 
12 


2 
26 
6 


3 
25 
10 


4 
24 
8 


5 
23 
8 


6 
20 
8 


7 
19 
8 


8 
18 
10 
9 
17 
6 


10 
16 
12 


II 
15 
4 


The CY7C331 is configured 
by three arrays of configura- 


tion bits (CO, CI, C2). For each macrocell, 
there is one CO 


bit and one C I bit. For each pair of macrocells, 
there is one 


C2 bit. 


There are 12 CO bits. If CO is programmed 
for a macrocell, 


then the tristate enable (OE) will be controlled 
by pin 14 
(the global OE). If CO is not programmed, 
then the OE 


product 
term for that macrocell will be used. 


There is one CI bit for each macrocell. 
The CI bit selects 


input for the product 
term (PT) array from either the state 


register (if the bit is unprogrammed) 
or the input register. 


I/O Resources 
(Continued) 


There are 6 C2 bits, providing 
one C2 bit for each pair of 
macrocells. 
The C2 bit controls the shared input Multi- 


plexer (Mux); if the C2 bit is not programmed, 
then the 


input to the product 
term array comes from the upper mac- 


rocell (A). If the C2 bit is programmed, 
then the input 


comes from the lower macrocell (B). 


The timing diagrams 
for the CY7C331 cover state register, 


input register, and various combinational 
delays. Since in- 
ternal clocks are the outputs 
of product 
terms, all timing is 


from the transition 
of inputs causing the clock transition. 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65'C to + 150'C 
Latchup 
Current 
> 200 mA 


Ambient 
Temperature 
with 
DC Programming 
Voltage 
13.0V 
Power Applied 
- 55'C to + 125'C 


Supply Voltage to Group Potential 
(Pin 22 to Pins 80r21) 
-0.5Vto 
+7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


Output 
Current 
into Outputs 
(Low) 
12 mA 


Static Discharge 
Voltage 
> 2001 V 


(per MIL-STD-883 
Method 
3015) 


Range 
Ambient 
Vee 
Temperature 


Commercial 
O'C to +75'C 
SV ± 10% 


Military[S] 
- 55'C to + 125'C 
5V ± 10% 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., 
IOH = -3.2mA 
Commercial 
2.4 
V 
VIN = VIH or VIL 
IOH = -2mA 
Military 


VOL 
Output LOW Voltage 
Vee = Min., 
IOL = 12mA 
Commercial 
0.5 
V 
VIN = VIH or VIL 
IOL = 8mA 
Military 


VIH 
Input HIGH Level 
Guaranteed HIGH Input, all Inputs[l] 
2.2 
V 


VIL 
Input LOW Level 
Guaranteed LOW Input, all Inputs[I] 
0.8 
V 


IIX 
Input Leakage Current 
Vss < VIN < Vee, < Vee = Max. 
-10 
10 
I-'A 


loz 
Output Leakage Current 
Vee = Max., VSS < VOUT < Vee 
-40 
40 
I-'A 


IsC 
Output Short Circuit Current 
Vee = Max., VOUT = 0.5V[21 
-30 
-90 
mA 


Commercial (-20) 
130 
mA 


Icel 
Standby Power Supply 
Vec = Max., VIN = GND, 
Commercial 
120 
mA 


Current 
Outputs Open 
Military (-25) 
160 
mA 


Military 
150 
mA 


Vee = Max. 
Commercial 
180 
mA 
leC2 
Power Supply Current 
Outputs Disabled (in HIGH Z State) 


at Frequency[t91 
Device Operating at fMAX 
External (fMAXtl 
Military 
200 
mA 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


CIN 
Input Capacitance 
VIN = 2.0V @ f = I MHz 
10 
pF 
COUT 
Output Capacitance 
VOUT = 2.0V @ f = I MHz 
10 


Notes: 
I. These 
are absolute 
values 
with 
respect 
to device 
ground 
and 
all over- 


shoots 
due 
to system 
or lester 
noise 
are included. 


2. Not 
more 
than 
one output 
should 
be tested 
at a time. 
Duration 
of the 


short circuit should not be more than one second. VOUT = O.5V has 
been chosen 
to avoid 
test problems 
caused 
by tester 
ground 
degrada- 


tion. 


3. Tested initially and after any design or process changes that may 
affect 
these 
parameters. 


4. Figure 30 test load 
used 
for all parameters 
except 
tpZXI. 
lpXZJ, 
tpzx 


and 
tpxz. 
Figure 
3b test load for tPZXI , tPXZI. 
tpzx 
and 
tpxz. 
Figure 


3c shows 
test waveforms 
and 
measuremenl 
levels. 


5. TA is the "instant 
on" 
case 
temperature. 


6. See the last page of this specification 
for Group 
A subgroup 
testing 


information. 


Commercial 
Military 


Parameters 
Description 
-20 
-25 
-35 
-25 
-30 
-40 
Units 


Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 


PO 
Input to Output 
Propagation 
Delay[7] 
20 
25 
35 
25 
30 
40 
ns 


tCO 
Input 
Register Clock to Output 
Delay(8] 
35 
40 
55 
45 
50 
65 
ns 


IOH 
Output 
Data Stable Time from Input Clock(8) 
5 
5 
5 
5 
5 
5 
ns 


tIS 


Input or Feedback 
Setup Time 
2 
2 
2 
5 
5 
5 
ns 
to Input Register 
Clock(8J 


lH 
Input 
Register 
Hold Time from Input Clock[8) 
II 
13 
15 
13 
15 
20 
ns 


IAR 


Input 
to Input 
Register 
35 
40 
55 
45 
50 
65 
ns 
Asynchronous 
Reset Delay [8) 


tIRW 
Input 
Register 
Reset Width[8J 
35 
40 
55 
45 
50 
65 
ns 


IRR 
Input 
Register 
Reset Recovery 
Time[8) 
35 
40 
55 
45 
50 
65 
ns 


IAS 
Input to Input Register 
35 
40 
55 
45 
50 
65 
ns 
Asynchronous 
Set Delay [8J 


ISW 
Input Register 
Set Width[8] 
35 
40 
55 
45 
50 
65 
ns 


ISR 
Input Register 
Set Recovery 
Time(8) 
35 
40 
55 
45 
50 
65 
ns 


WH 
Input 
& Output 
Clock Width High(8, 9,12) 
12 
15 
20 
15 
20 
25 
ns 


WL 
Input 
& Output 
Clock Width 
Low(8, 9,12) 
12 
15 
20 
15 
20 
25 
ns 


MAXI 
Maximum 
Frequency 
with Feedback 
in Input 
27.0 
23.8 
17.5 
20.0 
18.1 
14.2 
MHz 
Registered 
Mode (If(tlcO 
+ tIS»[I3J 


Maximum 
Frequency 
Data Path in Input 
MAX2 
Registered 
Mode (Lower of 1/tICO, 1/(twH + tWL) or 
28.5 
25.0 
18.1 
22.2 
20.0 
15.3 
ns 


1/(tIS + tlH»(8J 


IOH- 
Output 
Data Stable from Input 


IH 33X 
Clock Minus Input Register 
Input Hold 
0 
0 
0 
0 
0 
0 
ns 


Time for 7C330 and 7C332(15, 181 


CO 
Output 
Register 
Clock to Output 
Delay(9J 
20 
25 
35 
25 
30 
40 
ns 


OH 
Output 
Data Stable Time from Output 
Clock(9J 
3 
3 
3 
3 
3 
3 
ns 


S 
Output 
Register 
Input Set Up Time to 
12 
12 
15 
15 
15 
20 
ns 
Output 
Clock [9) 


H 


Output 
Register 
Input Hold Time from 
8 
8 
10 
10 
10 
12 
ns 
Output 
Clock[9J 


tOAR 
Input to Output 
Register 
20 
25 
35 
25 
30 
40 
ns 
Asynchronous 
Reset Delay(9J 


ORW 
Output 
Register Reset Width(9) 
20 
25 
35 
25 
30 
40 
ns 


tORR 
Output 
Register 
Reset Recovery 
Time(9) 
20 
25 
35 
25 
30 
40 
ns 


OAS 


Input to Output 
Register 
20 
25 
35 
25 
30 
40 
ns 
Asynchronous 
Set Delay(9J 


osw 
Output 
Register 
Set Width(9J 
20 
25 
35 
25 
30 
40 
ns 


OSR 
Output 
Register 
Set Recovery 
Time(9) 
20 
25 
35 
25 
30 
40 
ns 


tEA 
Input to Output 
Enable Delay(4, IOJ 
25 
25 
35 
25 
30 
40 
ns 


ER 
Input to Output 
Disable Delay(4, IOJ 
25 
25 
35 
25 
30 
40 
ns 


pzx 
Pin 14 to Output 
Enable Delay(4, 10) 
20 
20 
30 
20 
25 
35 
ns 


tpxz 
Pin 14 to Output 
Disable Delay[4, IOJ 
20 
20 
30 
20 
25 
35 
ns 


MAX3 
Maximum 
Frequency 
with Feedback 
in Output 
31.2 
27.0 
20.0 
25.0 
22.2 
16.6 
MHz 
Registered 
Mode (1/(tco 
+ tS»(14, I7J 


MAX4 


Max. Frequency 
Data Path in Output 
Registered 
Mode 
41.6 
33.3 
25.0 
33.3 
25.0 
20.0 
MHz 
(Lower of Iftco, 
If(twH 
+ tWL) or 1/(ts + tH»(9) 


tOH- 
Output 
Data Stable from Output 


tlH 33X 
Clock Minus Input Register 
Input Hold 
0 
0 
0 
0 
0 
0 
ns 


Time for 7C330 and 7C332li6, 
181 


MAX5 
Maximum 
Frequency 
Pipelined 
Mode(12, 171 
35.0 
30.0 
22.0 
28.0 
23.5 
18.5 
MHz 


7. Refer to Figure 
5 configuration 
1. 
8. Refer to Figure 
5 configuration 2. 
9. Refer to Figure 
5 configuration 3. 
10. Refer to Figure 
5 configuration 4. 


II. Refer to Figure 
5 configuration 5. 


12. Refer to Figure 5 configuration 6. 
13. Refer to Figure 
6 configuration 7. 


14. Refer to Figure 
6 configuration 8. 
15. Refer to Figure 
7configuration 9. 
16. Refer to Figure 
7configuration 
10. 


17. This specification is intended to guarantee that a state machine con- 


figuration created with internal or external feedback can be operated 
with output register and input register clocks controlled by the same 
source. These parameters are tested by periodic sampling of produc· 
tion product. 


18. This specification is intended to guarantee interface compatibility of 


the other members of the CY7C330 family wilh the CY7C331. This 
specification is met for the devices noted operating at the same ambi- 
ent temperature and at the same power supply voltage. These param- 
eters are tested periodically by sampling of production product. 


R1 31311 
Rl 31311 


(47011 ~IL) 
(47011 ~IL) 


OUTP~~n 
OUTP~~n 
R2 
R2 
50 pF 
20an 
5 pF 
20a11 
I 


(319n 
~IL) I 
(319n 
~IL) 
INCLUDING 
JIG AND 
- 
- 


SCOPE 


Equivalent to: 
THEVENIN 
EQUIVALENT 
(Commercial) 


12511 
OUTPUT~2.00V 
=Vthc 


Equivalent to: 
THEVENIN 
EQUIVALENT 
(Military) 


19011 
OUTPUT~2.02V=Vthm 


Parameters 
Vx 
Output 
Waveform-Measurement 
Level 


tpxz(-) 
1.5V 
+ i.- 
VOH 


Vx 
0100-16 


tPXZ( +) 
2.6V 
Vx 


VOL 
err 


0100-17 


tPZX(+) 
Vthc 
err 


VOH 


Vx 


0100-18 


tPZX(-) 
Vthc 
+ i.- 
Vx 


VOL 
0100-19 


tER(-) 
1.5V 
+ i.- 
VOH 


Vx 
0100-16 


tER(+) 
2.6V 
Vx 


VOL 
err 


0100-17 


lEA(+) 
Vthc 
VOH 


Vx 
err 


0100-18 


tEA(-) 
Vthc 
+ i.- 
Vx 


VOL 
0100 
19 


INPUT OR 
I/O 
PIN 


I/O 
INPUT 
REGISTER 


CLOCK [191 


OUTPUT 
REGISTER 
CLOCK [191 


SET AND 
RESET 
INPUTS [191 


OUTPUT 
REGISTER 
RESET INPUT!9,191 


OUTPUT 
REGISTER 
CLOCKl9,191 


OUTPUT 
REGISTER 
SET INPUT!9,191 


I/O 
INPUT 


REGISTER 
RESET INPUT!8,191 


I/O 
INPUT 
REGISTER 
CLOCK [8,191 


I/O 
INPUT 


REGISTER 
SET INPUT!8,191 


I;:~'AS4 
t'SR 


-------------------If- 
tlSW 
~-------- 


Notes: 


19. Because 
these 
input 
signals 
are controlled 
by product 
terms, 
active 
input 
polarity 
may be of either 
polarity. 
Internal 
active 
input 
polarity 
has been shown 
for clarity. 


20. Output 
register 
is set in Transparent 
Mode. Output 
register 
Set and 


Reset 
inputs 
are in a HIGH 
state. 
21. 
Dedicated 
input 
or input 
register 
set in Transparent 
Mode. 
Input 


register 
Set and 
Reset 
inputs 
are in a HIGH 
state. 


22. Combinatorial 
Mode. 
Reset 
and 
Set inputs 
of the input 
and 
output 
registers should remain in a HIGH state at least until the output 
responds at IPD. When returning Set and Reset inputs to a LOW 
state, 
one of these 
signals 
should 
go LOW 
a MINIMUM 
of tOSR (Set 


input) 
or tORR (Reset 
input) 
prior 
to the other. 
This 
guarantees 


predictable 
register 
states 
upon 
exit from 
Combinatorial 
Mode. 


23. 
When 
entering 
the Combinatorial 
Mode, 
input 
and 
output 
register 
Set and 
Reset 
inputs 
must 
be stable 
in a HIGH 
state 
a MINIMUM 
oftlSR 
or tlRR and 
tOSR or tORR respectively 
prior 
to application 
of 


logic 
input 
signals. 


24. 
When 
returning 
to the input 
and/or 
output 
Registered 
Mode, 
regis· 


ter Set and 
Reset 
inputs 
must 
be stable 
in a LOW 
slate 
a 


MINIMUM 
oftlSR 
or tlRR and 
tOSR or tORR respectively 
prior 
to 


the application 
of the register 
clock 
input. 
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ICCl 
tPD 
ts 
tco 
Ordering Code 
Package 
Operating 


(mA) 
(ns) 
(ns) 
(ns) 
Type 
Range 


130 
20 
12 
20 
CY7C331-20PC 
P21 
Commercial 


CY7C331-20WC 
W22 


CY7C331-20JC 
J64 


CY7C331-20HC 
H64 


160 
25 
15 
25 
CY7C331-25DMB 
D22 
Military 


CY7C331-25WMB 
W22 


CY7C331-25HMB 
H64 


CY7C331-25LMB 
L64 


CY7C331-25TMB 
T74 


CY7C331-25QMB 
Q64 


120 
25 
12 
25 
CY7C331-25PC 
P21 
Commercial 


CY7C331-25WC 
W22 


CY7C331-25JC 
J64 


CY7C331-25HC 
H64 


150 
30 
15 
30 
CY7C331-30DMB 
D22 
Military 


CY7C331-30WMB 
W22 


CY7C331-30HMB 
H64 


CY7C331-30LMB 
L64 


CY7C331-30TMB 
T74 


CY7C331-30QMB 
Q64 


120 
35 
15 
35 
CY7C331-35PC 
P21 
Commercial 


CY7C331-35WC 
W22 


CY7C331-35JC 
J64 


CY7C331-35HC 
H64 


150 
40 
20 
40 
CY7C331-40DMB 
D22 
Military 


CY7C331-40WMB 
W22 


CY7C331-40HMB 
H64 


CY7C331-40LMB 
L64 


CY7C331-40TMB 
T74 


CY7C33l-40QMB 
Q64 


5Ji~~C* 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VlH 
1,2,3 


YIL 
1,2,3 


IIX 
1,2,3 


IOZ 
1,2,3 


ICCI 
1,2,3 


Parameters 
Subgroups 


tIS 
7,8,9,10,11 


tIH 
7,8,9,10,11 


tWH 
7,8,9,10,11 


tWL 
7,8,9,10,11 


tco 
7,8,9,10,11 


tPD 
7,8,9,10,11 


tIAR 
7,8,9,10,11 


liAS 
7,8,9,10,11 


lpxz 
7,8,9,10,11 


tpzx 
7,8,9,10,11 


tER 
7,8,9,10,11 


tEA 
7,8,9,10,11 


ts 
7,8,9,10,11 


tH 
7,8.9,10,11 


- 
~ 
-- --., . 
°1.a-'CYPRESS 
, 
SEMICONDUCTOR 


Features 


• 
12 I/O 
macrocells 
each having: 
- 
Registered, 
latched, 
or 
transparent 
array 
input 
- 
A choice of two clock sources 
- 
Global 
or local output 
enable 


(OE) 


- 
Up to 19 product 
terms (PT) 
per output 
- 
Product 
term (PT) output 
polarity 
control 


• 
192 product 
terms with variable 
distribution 
to macrocells 
- 
An average 
of 14 PT's 
per 
macrocell 
sum node 
- 
Up to 19 PT's 
maximum 
for 
select nodes 
• 
2 clock inputs 
with configureable 
polarity 
control 


• 
13 input macrocells, 
each having: 
- 
Complementary 
input 
- 
Register, 
latch, or transparent 
access 
- 
Two clock sources 


• 
20 ns max. delay 


• 
Low power 
- 
120 mA typical 
Ice quiescent 
-180 
mA max. 
- 
Power 
saving "Miser 
Bit" 
feature 


• 
Security 
fuse 
• 
28 pin slim-line 
package; 
also 
available 
in 28 pin PLC 


• 
UV-Eraseable 
and 
reprogrammable 


• 
Programming 
and operation 
100% testable 


Registered Combinatorial 
EPLD 


Product Characteristics 


The CY7C332 is a versatile combinato- 
rial PLD with I/O registers onboard. 
There are 25 array inputs; each has a 
macrocell 
which may be configured 
as 
a register, latch or simple buffer. Out- 
puts have polarity and tristate control 
product 
terms. The allocation 
of pro 
- 


uct terms to I/O macrocells 
is varied so 


that functions 
of up to 19 product 


terms can be accommodated. 


I/O Resources 


Pins I through 
7 and 9 through 
14 


function as dedicated 
array inputs. Pins 


I and 2 function as input clocks as well 
as normal inputs. Pin 14 functions 
as a 


global output enable as well as a nor- 
mal input. 


Generic 
ICCt mA 
tIco/tpons 
tIS ns 


Part Number 
Com 
Mil 
Com 
Mil 
Com 
Mil 


7C332-15 
130 
18/15 
3 


7C332-20 
120 
160 
20 
23/20 
3 
4 


7C332-25 
120 
150 
25 
25 
3 
4 


7C332-30 
150 
30 
4 


~EM~DUcrOR 
==========================C=Y=7=C=3=3=2 


PIN1D••••••--~ 
•••.••D--cKI 


PIN2D~--f~lD-CK2 


PIN2.S0 


Figure 1. CKI and CK2 


Pins 15 through 
20 and 23 through 
28 are connected 
to 
I/O macrocells 
and may be combinatorial 
outputs as well 


as registered or direct inputs. 


Input Macrocell 


C3 
C2 
Cl 
CO 
Input Register Option 


X 
X 
0 
0 
Combinatorial 


X 
X 
0 
I 
Illegal 


0 
0 
I 
I 
Registered, CLKI, Rising Edge 
0 
I 
I 
I 
Registered, CLK2, Rising Edge 


1 
0 
I 
1 
Registered, CLKI, Fallling Edge 


I 
I 
I 
I 
Registered, CLK2, Falling Edge 
0 
0 
I 
0 
Latched, CLKI, Low Transparent 


0 
I 
1 
0 
Latched, CLK2, Low Transparent 


I 
0 
I 
0 
Latched, CLKI, High Transparent 
I 
I 
I 
0 
Latched, CLK2, High Transparent 


There are 13 input macrocells, 
corresponding 
to pins I 


through 
7 and 9 through 
14. Each macrocell has a clock 


which is selected to come from either pin I or pin 2 by 
configuration 
bit C2. Pins I and 2 are clocks as well as 
normal inputs. There is no C2 configuration 
bit for either 


of these two input macrocells. 
Macrocells 
connected 
to 
pins I and 2 do not have a clock choice, but each has a 
clock coming from the other pin. 
Each input macrocell can be configured 
as a register, latch 


or a simple butTer (transparent 
path) to the product 
term 


array. For a register the configuration 
bit, CO, is I (pro- 


grammed) 
and CI is 1. For a Latch, CO is 0 and CI is 1. If 
both CO and CI are 0 (unprogrammed) 
then the macrocell 


is completely 
transparent. 


Configuration 
bit C3 determines 
the clock edge on which 


the register is triggered or the polarity for which the latch 
is asserted. This clock polarity can be programmed 
inde- 


pendently 
for each input register. These configuration 
op- 


tions are available on all inputs, including 
those in the I/O 


macrocell. 
If C3 is 0 (unprogrammed), 
the clock will be rising edge 
triggered (register mode) or high asserted (latch mode). 


If C3 is I (programmed), 
the clock will be falling edge 


triggered (register mode) or low asserted (latch mode). 


I/O 
Macrocell 


There are 12 I/O macrocells 
corresponding 
to pins 15 


through 
20 and 23 through 
28. Each macrocell 
has a tri- 
state output control, an XOR product 
term to dynamically 
control polarity, and a configureable 
feedback path. 


For each I/O macrocell, 
the tristate control for the output 
may be configured 
two ways. If the configuration 
bit, C4, is 


a I (programmed), 
then the global OE signal is selected. 


Otherwise, 
the OE product 
term is used. 
For each I/O macrocell, 
the input/feedback 
path may be 
configured 
as a register, latch, or shunt. There are two 
configuration 
bits per I/O macrocell 
which configure the 


feedback path. These are programmed 
in the same way as 


for the input macrocells. 


For each I/O macrocell, 
the input register clock (or Latch 
~ 
Enable) which is used for the input/feedback 
path may be 
~ 
selected as pin 1 (select bit, C2, not programmed) 
or pin 2 


(select bit, C2, programmed). 


Array Allocation 
to Output Macrocell 
The number of product 
terms in each output macrocell 
sum is position dependent. 
The table below summarizes 
the 


allocation: 


Macrocell 
Pin Number 
Product Terms 


0 
28 
9 


I 
27 
19 
2 
26 
II 
3 
25 
17 


4 
24 
13 
5 
23 
15 
6 
20 
15 
7 
19 
13 
8 
18 
17 
9 
17 
II 


10 
16 
19 


II 
15 
9 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65'C to + 150°C 
Latch-up 
Current 
> 200 mA 


Ambient 
Temperature 
with 
DC Programming 
Voltage 
13.0V 


Power Applied 
- 55'C to + 125'C 


Supply Voltage to Ground 
Potential 


(Pin 22 to Pins 8 and 21) 
-0.5V 
to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


Output 
Current 
into Outputs 
(Low) 
12 mA 


Static Discharge 
Voltage 
>2001V 


(per MIL-STD-883, 
Method 
3015) 


Range 
Ambient 
VCC 
Temperature 


Commercial 
O°Cto + 75°C 
5V ±IO% 


Military[S] 
- 55°C to + 125'C 
5V ± 10% 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., 
IOH = -3.2mA 
Commercial 
2.4 
V 
VIN = VIH or VIL 
IOH = -2mA 
Military 


VOL 
Output LOW Voltage 
Vcc = Min., 
IOL = 12mA 
Commercial 
0.5 
V 
VIN = VIH or VIL 
IOL = 8 mA 
Military 


VIH 
Input LOW Level 
Guaranteed HIGH Input, all Inputs[ll 
2.2 
V 


VIL 
Input LOW Level 
Guaranteed LOW Input, all Inputs[ll 
0.8 
V 


IIX 
Input Leakage Current 
Vss < VIN < Vcc,Vcc 
= Max. 
-10 
10 
JJ-A 


Ioz 
Output Leakage Current 
Vcc = Max., Vss < VOUT < Vcc 
-40 
40 
JJ-A 


Isc 
Output Short Circuit Current 
Vcc = Max., VOUT = 0.5V[2] 
-30 
-90 
mA 


Commercial 
120 
mA 


ICCl 
Standby Power Supply 
Vcc = Max., VIN = GND 
Commercial-IS 
130 
mA 
Current 
Outputs Open 
Military 
150 
mA 


Military -20 
160 
mA 


Vcc = Max. 
Commercial 
180 
mA 
ICC2 
Power Supply Current 
Outputs Disabled (In High Z State) 


at Frequency[6,81 
Device Operating at [MAX 
External ([MAXI) 
Military 
200 
mA 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


CIN 
Input Capacitance 
VIN = 2.0V @ [= 
I MHz 
10 
pF 


COUT 
Output Capacitance 
VOUT = 2.0V @ [= 
I MHz 
10 


Notes: 
I. These are absolute values with respect to device ground and all over- 


shoots due to system or tester noise are included. 


2. Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. VOUT = O.5Vhas 
been chosen to avoid test problems caused by tester ground degrada- 
tion. 


3. Tested initially and after any design or process changes that may 


affect these parameters. 


4. Figure 
4a test load used for all parameters except tEA. tER. tpzx and 


tpxz· Figure 
4b test load for tEA. tER, tpzx, tpxz. 
Figure 
4c shows 


test waveforms and measurement reference levels. 
5. TA is the "instant on" case temperature. 
6. Tested by periodic sampling of production product 
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Switching Characteristics Over the Operating 
Range[I] 


Commercial 
Military 


Parameters 
Description 
-15(14) 
-20 
·25 
.20(14) 
-25 
-30 
Units 


Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 


tPD 
Input to OutpUI Propagation Delay(7) 
15 
20 
25 
20 
25 
30 
ns 


ICO 
Input Register Clock to Output Delay[S] 
18 
20 
25 
23 
25 
30 
ns 


tIS 
Inpul or Feedback Setup Time 
3 
3 
3 
4 
4 
4 
ns 
to Input Regisler Clock[S] 


tlH 
Input Register Hold TimelS) 
3 
3 
3 
4 
4 
4 
ns 


tEA 
Input to Output Enable Delay(4, 9] 
20 
20 
25 
25 
25 
30 
ns 


tER 
Input to Output Disable Delay(4, 9] 
20 
20 
25 
25 
25 
30 
ns 


tpzx 
Pin 14 Enable to Output Enable Delay [4, IO) 
15 
15 
20 
20 
20 
25 
ns 


pxz 
Pin 14 Disable to Output Disable Delay[4, IO] 
15 
15 
20 
20 
20 
25 
ns 


tWH 
Input Clock Width High[6, S] 
9 
10 
10 
10 
10 
12 
ns 


tWL 
Input Clock Width Low[6, S) 
9 
10 
10 
10 
10 
12 
ns 


tIOH 
OutpUI Data Stable Time from 
3 
3 
3 
3 
4 
4 
ns 
Input Register Clock Inputls, 14) 


tIOH-tIH 
Output Data Stable Time This Device Minus 
0 
0 
0 
0 
0 
0 
ns 
liP Reg Hold Time Same Device(ll, 12,14] 


tOH- 
Output Data Stable Time Minus liP Reg 
0 
0 
0 
0 
0 
0 
ns 
IH33X 
Hold Time 7C330 & 7C332 Devicel13, 14] 


tPE 
External Clock Period (tICO + t\S)(S) 
21 
23 
28 
27 
29 
34 
ns 


fMAXI 
Maximum External Operating 
47.6 
43.4 
35.7 
37 
34.4 
29.4 
MHz 
Frequency (l/(tICO + tIS))(S] 


fMAX2 
Maximum Frequency Data Path[S) 
55.5 
50.0 
40.0 
50.0 
40.0 
33.3 
MHz 


Notes: 


7. Refer to Figure 6 configuration 
1. 


8. Refer to Figure 6 configuration 
2. 
9. Refer to Figure 6 configuration 
3. 


10. Refer to Figure 6 configuration 
4. 


II. 
Refer to Figure 6 configuration 
5. 


12. This specification 
is intended 
to guarantee 
that configuration 
5 of 
Figure 6 with input registered feedback can be operated with all 
input register 
clocks 
controlled 
by the same source. 
These 
parame- 


ters are tested by periodic sampling of production 
product. 


13. This specification 
is intended 
to guarantee 
interface compatibility 
of 


theother membersoftheCY7C330familywiththeCY7C332.This 
specification 
is met for the devices 
noted 
operating 
at the same ambi- 


ent temperature 
and at the same 
power 
supply 
voltage. 
These 
param- 
eters are tested 
periodically 
by sampling 
of production 
product. 


14. Preliminary 
specifications. 


Notes: 


15. Because 
OE can be controlled 
by the OE product 
term, input signal 


polarity 
for control 
ofOE 
can be of either 
polarity. 
Internally 
the 
product 
term OE signal 
is active 
high. 


~ 
CY7C3J2 


~1?~WNDucrOR =============================================================================~;~ 


R1 313Il 
Rl 
313Il 


(470Il 
MIL) 
(470Il 
MIL) 


OUTP~~ft 
OUTP~~19 
R2 
R2 


SO pF 
20aIl 
S pF 
20aIl 
I 


(319Il 
MIL) I 
(319Il 
MIL) 


INCLUDING 


JIG AND 
- 
-= 


SCOPE 


Equivalent to: THEVENIN 
EQUIVALENT 
(Commercial) 


12S.Cl 


OUTPUT~ 
2.00V 
= Vthc 


Equivalent to: 
THEVENIN 
EQUIVALENT 
(Military) 


190.Cl 
OUTPUT~ 
2.02V 
= Vthm 


Parameter 
Vx 
Output Waveform-Measurement 
Level 


tpxz 
(-) 
1.5V 
L 


VOH 
O.}V 


Vx 
0134-12 


tpxz 
(+) 
2.6V 


o·rv 
~ 


, 
Vx 


VOL 


0134-13 


tpzx(+) 
Vtlic 


" 


o·r 
v 
~ 


VOH 


Vx 


0134-14 


tpzx 
(-) 
Vtlic 


Vx 


O;SV L 
VOL 
0134-15 


tER (-) 
1.5V 
'k 


VOH 
O.}V 


Vx 
0134-12 


tER(+) 
2.6V 
. 


o·rv 
~ 


Vx 


VOL 


0134-13 


tEA (+) 
Vtlic 


O{SV rr== 


VOH 


Vx 


0134-14 


tEA (-) 
Vtlic 


Vx 


o;SV '-k 
VOL 
0134-15 


~r= 
~~f&I~DucrOR 
CY7C332 


~EM"WNDUcrOR 


CY7C332 


12 


L9638 
(CO .. 3) 


~ 
CY7C332 


.nEMICONDUCTOR 
====================================== 


CONfiGURATION 
1 
PIN 


INPUT 
OR 
I/O 
PIN 


PIN 


INPUT 
OR 
I/O 
PIN 


PIN 


INPUT 
OR 
I/O 
PIN 


PRODUCT 
TERM 
ARRAY 


PRODUCT 
TERM 
ARRAY 


PRODUCT 
TERM 
ARRAY 


PRODUCT 
TERM 


ARRAY 


• 


ICCl (max) 
tICO/tpD (ns) 
tIS (ns) 
tIH (ns) 
Ordering Code 
Package 
Operating 
Type 
Range 


120 
18/15 
3 
3 
CY7C332-15PC 
P21 
Commercial 


CY7C332-15WC 
W22 


CY7C332-15JC 
J64 


CY7C332-15HC 
H64 


120 
20 
3 
3 
CY7C332-20PC 
P21 
Commercial 


CY7C332-20WC 
W22 


CY7C332-20JC 
J64 


CY7C332-20HC 
H64 


160 
23/20 
4 
4 
CY7C332-200MB 
022 
Military 


CY7C332-20WMB 
W22 


CY7C332-20HMB 
H64 


CY7C332-20LMB 
L64 


CY7C332-20TMB 
T74 


CY7C332-2OQMB 
Q64 


120 
25 
3 
3 
CY7C332-25PC 
P21 
Commercial 


CY7C332-25WC 
W22 


CY7C332-25JC 
J64 


CY7C332-25HC 
H64 


150 
25 
4 
4 
CY7C332-250MB 
022 
Military 


CY7C332-25WMB 
W22 


CY7C332-25HMB 
H64 


CY7C332-25LMB 
L64 


CY7C332-25TMB 
T74 


CY7C332-25QMB 
Q64 


150 
30 
4 
4 
CY7C332-300MB 
022 
Military 


CY7C332-30WMB 
W22 


CY7C332-30HMB 
H64 


CY7C332-30LMB 
L64 


CY7C332-30TMB 
T74 


CY7C332-30QMB 
Q64 


5J7~lOCfOR;;;==============================================C==Y=7=C=3=3=2 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IIX 
1,2,3 


Ioz 
1,2,3 


ICC! 
1,2,3 


Parameters 
Subgroups 


liS 
7,8,9,10,11 


lIH 
7,8,9,10,11 


lWH 
7,8,9,10,11 


lWL 
7,8,9,10,11 


llCO 
7,8,9,10,11 


IPD 
7,8,9,10,11 


IPXZ 
7,8,9,10,11 


IpZX 
7,8,9,10,11 


lER 
7,8,9,10,11 


lEA 
7,8,9,10,11 


-~.~ 
":3 CYPRESS 
-===== iF 
SEMICONDUCTOR 
----- 


Features 


• 
16 I/O macrocells, 
each having: 


- Choice of combinatorial 
or regis- 


tered output 
- 
Registers configurable 
to T-type, 
Ootype, RS-type, or JK-type 


- 
Independent 
(product term) output 
enable 
- 
Synchronous 
clock input and 
asynchronous 
reset product term 
for each bank of 8 macrocells 
- 
Programmable 
output polarity 


control 
- 
Up to 8 macrocell registers may be 
buried while preserving the use of 
the I/O pin as an input and with- 
out using additional 
product terms 
- 
8 product terms per output 


General- Purpose 
Synchronous BiCMOS PLD 


• 
146 product terms total 
• 
2 clock inputs that can also be logic 
inputs 
• 
High performance 
- 
10 ns maximum propagation 
delay 


• 
High noise immunity 
• 
Advanced BiCMOS technology 
• 
Available in 28-pin, 300-mil PDIP, 
cerDIP, PLeC, 
and LeC packages 
Functional Description 


The CY7B333 is a 28-pin, multipurpose, 
high-perfonnance 
PLD with 16 I/O ma- 
crocells, 7 dedicated inputs, and 2 global 
clock inputs. 


CLKI provides the synchronous clock in- 
put for one bank of macrocells, and CLK2 
provides the synchronous clock input for 


the other bank of macrocells. If no sy'- 
chronous 
clock inputs 
are needed, 
the 
CLKI and CLK2 inputs can function 
'IS 


standard 
logic inputs. 
Output 
enable 
is 


controlled 
with one 
dedicated 
product 


tenn per macrocell. An asynchronous 
re- 


set product term is provided for each bank 
of macrocells. 


Each macrocell has a register that can be 
programmed 
to be aT-type, 
D-type, RS- 
type, or JK-type register. The macroccll 
architecture 
also allows up to one half 
f 
the macrocell registers to be buried with- 
out sacrificing any I/O pins and without us- 
ing additional product terms. 


The CY7B333 is available in a wide variety 
of packages including 28-pin, 300-mil plas- 
tic and ceramic DIPs, PLeCs, and Lees. 


7B333-10 
7B333-12 
7B333-15 


Icc! (mA) 
Commercial 
150 
150 


Military 
170 
170 


tPD(ns) 
Commercial 
10 
12 


Military 
12 
15 


Is (ns) 
Commercial 
8 
10 


Military 
10 
12 


teO! (ns) 
Commercial 
8 
10 


Military 
, 
10 
12 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
DC Program Voltage 
9.5V 
Ambient Temperature 
with 
Static Discharge Voltage. 
. . . . . . . . . . . . . . . . . .. . . .. 
> WOIV 
Power Applied 
- 55°C to + 125°C 
(per MIIrSTD-883, 
Method 3015) 


Supply Voltage to Ground Potential . . . . . . .. - 0.5V to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to Vcc Max. 
DC Input Voltage. 
. . . . . . . . . . . . . .. 
- 0.5V to + Vcc + 0.5V 


DC Input Current 
- 30 mA to + 5 mA 


(except during programming) 


Ambient 


Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 5% 


Military/II 
- 55°C to + 125°C 
5V ± 10% 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., 
IOH= -4mA 
2.4 
V 


VIN = V1Hor V1L 


VOL 
Output LOW Voltage 
Vcc = Min., 
IOL = 4mA 
0.5 
V 


V1N= V1Hor V1L 


VlH 
Input HIGH Voltage 
Guaranteed 
Input Logical HIGH Voltage for All Inputs 
2.2 
V 


VIL 
Input LOW Voltage 
Guaranteed 
Input Logical LOW Voltage for All Inputsl'l 
0.8 
V 


IlX 
Input Leakage Current 
Vss':::;' V1N.:::;.Vcc, Vcc = Max. 
-250 
50 
~ 


Ioz 
Output Leakage Current 
Vcc = Max., Vss':::;' VOUT':::;'Vcc 
, 
-100 
100 
~ 


Isc 
Output Short Circuit Current 
Vcc = Max., VOUT= 0.5V(5) 
-30 
-130 
mA 


ICCI 
Standby Power 
Vcc = Max., VlH = GND, Outputs Open 
Com'l 
150 
mA 


Supply Current 
Mil 
170 


Icc2 
Power Supply Current 
Vcc = Max., Outputs Disabled (in High Z 
Com'l 
170 
mA 
at Frequen<:y!2.31 
State), Device Operating 
at fMAX! 
Mil 
190 


Parameters 
Description 
lYpical 
Max. 
Units 


CIN 
Input Capacitance 
11 
10 
pF 


COUT 
Output Capacitance 
9 
10 
pF 


Notes: 
1. 
fA is the "instant 
on" case temperature. 
2. 
Testedinitiallyand after anydeisgnor processchangesthat mayaffect 
these parameters. 
3. 
Measured with the deviceconfigured as a 16-bitcounter. 


4. 
MinimumDC input vollage is -0.3 valls. During transitions, the in- 
puts may undershool 10 -2.0 valls for periods lessthan 20 ns. 


5. 
Not more than one output shouldbe tested at a time. Duration of the 
short circuit should not be more than one second. VOUT= 0.5V has 
been chosen to avoid test problems caused by ground degradation. 


+5V 
=::~"fI::: 


rN 
OV 


(a) Nonnal Load (Load I) 


8333-7 


R = 237 n 
R = 237 n 


OUTPUT~ 
OUTPUT~ 


C = 35 pFT 
T 
VTH = 1.45V 
C = 5 pFT 
T Vx 


ov 
OV 


(b) Thevenin Equivalent (Load I) 
(c) Three-s"'le Delay Load (Load 2) 


ALL INPUT PULSES 


3.0V 
~% 
90% 


GND~ 
10% 
10% 


~3M~ 
~ 
~3M 


Parameter 
Vx 
Output 
Waveform-Measurement 
Level 


tER(_) 
1.5V 
VOH 
: 
~ 
O.5V 
Vx 
8333 3 


tER(+) 
2.6V 


O.5V01=' 
Vx 
VOL 
8333-4 


tEA(+) 
VTH 


Vx 
O.5V01= 
VOH 
8333-5 


tEA(_) 
VTH 
Vx 
: 
~ 
O.5V 
VOL 
8333 6 


Switching 
Waveform 


INPUTS I/O. 


REGISTERED 
FEEDBACK 


SYNCHRONOUS 
PRESET 


7B333-10 
7B333-12 
7B333-15 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tPD 
Input 
to Output 
Propagation 
Delay(9] 
Com'l 
10 
12 
ns 


Mil 
12 
15 


tEA 
Input 
to Output 
Enable 
Delay 
Com'! 
10 
12 
ns 


Mil 
12 
15 


tER 
Input 
to Output 
Disable 
Delay/1O) 
Com'l 
10 
12 
ns 


Mil 
12 
15 


teo! 
ClocIc to Output 
Delay/9] 
Com'l 
8 
10 
ns 


Mil 
10 
12 


te02 
Clock 
to Registered 
Feedback 
to 
Com'l 
17 
20 
ns 
Combinatorial 
Output 
Delayl7] 
Mil 
20 
25 


toH 
Output 
Data 
Stable 
Time 
Com'l 
1 
1 
ns 


from 
Input 
Clock 
Mil 
1 
1 


ts 
Input 
or Feedback 
Set-Up 
Time 
Com'l 
8 
10 
ns 


MIl 
10 
12 


tH 
Input 
Hold 
Time 
Com'l 
0 
0 
ns 


Mil 
0 
0 


tp 
External 
Clock 
Period 
(tea + ts) 
Com'! 
16 
20 
ns 


Mil 
20 
24 


tWH 
Clock 
Width 
HIGH(2) 
Com'l 
6 
9 
ns 


Mil 
9 
10 


tWL 
Clock 
Width 
LOWl2] 
Com'l 
6 
9 
ns 


Mil 
9 
10 


fMAX1 
External 
Maximum 
Frequency 
(1/(teo 
+ tS))l2,11) 
Com'! 
62.5 
50 
MHz 


Mil 
50 
41.6 


fMAJ(2 
Data 
Path 
Maximum 
Frequency 
(1/(tWH + tWL))l3] 
Com'l 
83.3 
55.5 
MHz 


Mil 
55.5 
50 


fMAX3 
Internal 
Feedback 
Maximum 
Com'l 
80 
58 
MHz 


Frequency 
(1/(teF 
+ ts))I'1 
Mil 
58 
48 


teF 
Register 
Clock 
to Feedback 
Inputl12] 
Com'l 
5 
7 
ns 


Mil 
7 
9 


tAW 
Asynchronous 
Reset 
Width 
Com'l 
8 
10 
ns 


Mil 
10 
12 


tAR 
Asynchronous 
Reset 
Recovery 
Time 
Com'l 
10 
12 
ns 


Mil 
12 
15 


tAP 
Asynchronous 
Reset 
to Registered 
Output 
Delay 
Com'l 
12 
14 
ns 


Mil 
14 
17 


Notes: 
6. 
AC test load used for all parameters 
except where noted. 


7. 
Delay 
measured 
from 
clock of registered 
macrocell 
to feedback 
through logic array to second macrocell output configured as a combi- 
natorial 
path. 
8. 
This specification 
indicates the guaranteed maximum frequency at 
which a state machine 
configuration 
with internal only feedback 
can 


operate. 
This parameter 
is tested periodically by sampling production 
product. 


9. 
This specification 
is guaranteed 
for all devices outputs changing state 
in a given access cycle. 


10. This parameter 
is measured 
as the time after the output disable input 
that the previous output data state remains stable on the output. This 
delay is measured to the point at which a previuos HIGH level has fall- 
en to 0.5 volts below VOH min. or a previous WW level has risen 10 
0.5 volts above VOL max. 


11. This specification 
indicates the guaranteed maximum frequency at 


which a state machine configuration 
with external feedback can oper- 
ate. 


12. This parameter 
is calculated 
from the clock period at fMAXinternal 
(fMAX3)as measured 
(see Note 7) minus ts. 


• 


Programming 


The m333 can be programmed using the QuickProII programmer 
available from Cypress Semiconductor 
and also with Data I/O. 
Logical Devices. STAG. and other programmers. 
Please contact 


your local Cypress representative 
for further inform ation. 


GLOBAL SYNCHRONOUS 
CLOCK (ONE PIN PER 
EIGHT MACROCELLS 


DOlOR 
T(1) TYPE 
o 


C3 
C4 


I/O MACROCELL ON DIP PINS 3 THROUGH 7, 9 THROUGH 11. 
18 THROUGH 20. AND 23 THROUGH 27 


GLOBAL ASYNCHRONOUS 
RESET (ONE PIN PER 
EIGHT MACROCELLS 


lee 
tpo 
fMAX 
Package 
Operating 
(mA) 
(ns) 
(MHz) 
Ordering Code 
Type 
Range 


150 
10 
83.3 
PAL7B333-10PC 
P21 
Commercial 


PAL7B333-10DC 
D22 


PAL7B333-1OJC 
J64 


12 
55.5 
PAL7B333-12PC 
P21 
Commercial 


PAL7B333-12DC 
D22 


PAL7B333-12JC 
J64 


170 
12 
55.5 
PAL7B333-12DMB 
D22 
Military 


PAL7B333-12LMB 
L64 


15 
50 
PAL7B333-15DMB 
D22 
Military 


PAL7B333-15LMB 
L64 


Features 


• 
Very bigh performance 
decoder 
-tlco=6ns 
- fMAXD 
= 156 MHz 


• 
12 input registers 


• 
8 outputs 
• 
2 product terms per output 
• 
Asyncbronous 
output enable 


• 
Power-on reset 
• 
High noise immunity 


• 
>200IV input protection 
from elec- 


trostatic 
discbarge 
• 
Advanced BiCMOS tecbnology 


• 
Available in 28-pin 3OQ-milPDlP and 
CerDlP, and in SOJ, PLCC, and LCC 
packages 
Functional Description 


The CY7B336 is a 6-ns, 28-pin program- 
mable logic device specially designed for 
decoding 
applications 
with high-perfor- 
mance RISC processors and fast state ma- 
chines. 
There are twelve input registers that cap- 
ture data at the rising edge of the clock sig- 
nal and forward the information to the 24 
by 16programmable 
array. Processed data 
from the programmable 
array is available 
to external logic via the eight output pins. 


Each output provides two product terms. 
However, only one product term is used to 


with Input Registers 


sum products 
from the array; the other 


product term isused to control the tri-state 
output buffers. This output enable product 
term is ANDed with the complement 
of 


the output enable input pin to generate the 
output enable signal for each output buff- 
er. 


Additional 
features 
of the CY7B336 in- 
clude a power-on reset circuit that initial- 
izes all input registers to a "0" upon power- 
up, and six centrally located power pins 
(two Vce pins 
and 
four ground 
pins), 


which improve noise margins . 


The CY7B336 is available in a wide variety 
of package types including 28-pin, 300-mil 
plastic and ceramic DIPs, SOJs, LeCs, and 
PLCCs. 


LCCand 
PLCC 


Top View 
~ 
..J 
0 _ 


_M~,,: 
.EUQO 


432 
U28272625 


24 
23 
22 
21 


'0 
20 
1',2131415161718'9 


Generic 
tlCO(ns) 
fMAXD (MHz) 
Ice (mA) 
tIS (ns) 


Part Number 
Com'l 
Mil 
Com'l 
Mil 
Com'l 
Mil 
Com'l 
Mil 


7B336-6 
6 
156 
180 
2 


7B336-7 
7 
131 
180 
2.5 


7B336-8 
8 
113 
180 
3 


7B336-10 
10 
96 
180 
3 


7B336-12 
12 
80 
180 
3.5 


• 


Maximum 
Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
DC Programming Voltage 
9.5V 


Ambient Temperature 
with 
Static Discharge Voltage. 
. . . . . . . . . . . . . . . . . . . . . .. 
> 200~V 


Power Applied 
- 55°C to + 125°C 
(per MIL-STD-883 Method 3015) 
Supply Voltage to Ground Potential 
Latch-Up Current. 
. . . . . . . . . . . . . . . . . . . . • . . . . . .. 
> 200 mA 


(Pins 7 and 22 to Pins 8, 20, 21, and 23) ..... 
- 0.5V to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State ............•......... 
- 0.5V to + Vcc Max. 
DC Input Voltage 
- 0.5V to + Vcc + 0.5V 
Output Current into Outputs (LOW) 
12 mA 
DC Input Current 
- 30 mA to + 5 mA 
(Except during programming) 


Electrical 
Characteristics 
Over the Operating Range 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Militaryll] 
- 55°C to + 125°C 
5V ± 10% 


78336 


Parameters 
Description 
Test Conditions 
Mill, 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., V1N = VIHor VIL 
IOH = - 4mA 
Com'l 
2.4 
V 


IOH = - 3 mA 
Mil 
2.4 


VOL 
Output LOW Voltage 
Vee = Min., V1N = VIHor VIL 
IOL = 12 mA 
Com'l 
0.4 
V 


IOL = 8 mA 
Mil 
0.4 


VIH 
Input HIGH Level 
Guaranteed 
Input Logical HIGH Voltage for All Inputs 
2.2 
V 


VIL 
Input LOW Level 
Guaranteed 
Input Logical LOW Voltage for All Inputs 
0.8 
V 


II)( 
Input Leakage Current 
Vee = Max., 0.4V .$.. V1N.$.. 
2.7V 
- 250 
25 
IJ.A 


Ioz 
Output Leakage Current 
Vee = Max., O.4V.$.. VOUT.$.. 2.7V 
- 100 
100 
IJ.A 


Isc 
Output Short Circuit Current 
Vee = Max., VOUT= 0.5V12] 
- 30 
- 130 
mA 


Ice 
Power Supply Current 
Vee = Max., Outputs Disabled (in High ZState), 
Com'l 
180 
mA 


Device Operating at fMAX 
Mil 
180 


Parameters 
Description 
Typ. 
Max. 
Units 


C1N 
Input Capacitance 
11 
10 
pF 


COUT 
Output Capacitance 
9 
10 
pF 


Notes: 
1. 
TA is the "instant on" case temperature. 


2. 
Not more than one oUlput should be tested at a time. Duration 
of the 
short circuit should not be more than one second. VOUT = Q.5V has 
been chosen to avoid test problems caused by tester ground degrada- 
tion. 
AC Test Loads and Waveformsl4] 


R1329il 


OUTP:'31(490il 
MIL) 


R2 
35 pF 
202il 
I 
(288il 
MIL) 


INCLUDING _ 
_ 
JIG AND - 
- 
SCOPE 
<a>Nonnal 
Load 


OUTP~;': 


THEVENIN EQUIVALENTS 


125il 


3. 
Tested initially and after any design or process changes that mayaffeci 
these parameters. 


4. 
The normal test load is used for all parameters 
except for teER, ICEA, 


tpxz, and tpLx, which are lesled using the three-state 
load. 


R = 125il""iI 


Parameter 
Vx 
Output Waveform-Measurement 
Level 


leER(-) 
1.5V 
VOH 
: 
~ 
tpxz (-) 
O.5V 
Vx 


leER(+) 
2.6V 
0.5Vi1=' 
Vx 


tpxz (+) 
VOL 


leEA(+) 
Vthc 
0.5V01:' 
VOH 
tpzx(+) 
Vx 


leEA(-) 
V1hc 
Vx 
: 
l=- 
tpzx (-) 
0.5V 
VOL 


Commercial 
Military 


6 
8 
7 
10 
12 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tlCO 
Input Register Clock to 
6 
8 
7 
10 
12 
ns 
Output Delay 


tp 
Clock Period (tWH+tWL)!3) 
6.4 
8.8 
7.6 
10.4 
12.4 
ns 


fMAXD 
Maximum 
Frequency 
Data 
156 
113 
131 
96 
80 
MHz 
Path (lftp)!J) 


tWH 
Clock Width HIGH!31 
3.2 
4.4 
3.8 
5.2 
6.2 
ns 


tWL 
Clock Width LOW(3) 
3.2 
4.4 
3.8 
5.2 
6.2 
ns 


toH 
Output Hold After 
0 
0 
0 
0 
0 
ns 
Clock High 


tIS 
Input Set-Up Time 
2 
3 
2.5 
3 
3.5 
ns 


tlH 
Input Hold Time 
2 
3 
2.5 
3 
3.5 
ns 


leER 
Input Register Clock to 
9 
13 
11 
14 
17 
ns 
Output Disable Delayl6) 


leEA 
Input Register Clock to 
9 
13 
11 
14 
17 
ns 
Output Enable Delay 


tpxz 
Pin 15 to ou,ut 
7 
10 
8.5 
11.5 
14.5 
Disable DeJa 6) 
ns 


tpzx 
Pin 15 to Output 
7 
10 
8.5 
11.5 
14.5 
ns 
Enable Delay 


tPR 
Power-Up Reset Time!7] 
1 
1 
1 
1 
1 
~ 


Notes: 
5. 
AC test load is used for all parameters 
except where noted. 
6. 
This parameter 
is measured 
as the time that the previous output data 
stale remains stable afIer the output 
disable signal is received. This 
delay is measured to the point at which a previous HIGH level has fall- 
en to 0.5 volts below VOH Min. or a previous WW level has risen to 
0.5 volts above 
VOL Max. 


7. 
This part has been designed with the capability to reset during system 
power-up. 
Following power-up, 
the input registers will be reset to a 
logICWW state. The output state will depend on how the array is pro- 
grammed. To insure proper operation, the rise in Vcc must be mono- 


tonic and the timing constraints 
depicted 
in JX>wer-up 
reset waveforms 


must be satisfied. The clock signal input must be in a valid WW state 
(VIN Jess than O.SV) or a valid HIGH 
state (VIN greater 
than 2.2V) 


prior to occurrence 
of the 10% level on the monotonically 
rising pow- 
er supply voltage. 
In addition, 
the clock input signal must remain 
stable In that valid state as indicated until the 90% level on the power 
supply voltage has been reached. The clock signal may transition WW 
to HIGH to clock in new data or to execute a synchronous 
preset after 


the indicated 
delay (tpR + tIS) has been observed. 
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CY7B336 Logic Diagram 
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tlCO 
fMAXD 
Package 
Operating 


(ns) 
(MHz) 
Ordering Code 
Type 
Range 


6 
156 
CY7B336-6PC 
P21 
Commercial 


CY7B336-60C 
022 


CY7B336-6JC 
J64 


CY7B336-6VC 
V21 


7 
131 
CY7B336-70MB 
022 
Military 


CY7B336-7LMB 
L64 


8 
113 
CY7B336-8PC 
P21 
Commercial 


CY7B336-80C 
022 


CY7B336-8JC 
J64 


CY7B336-8VC 
V21 


10 
96 
CY7B336-100MB 
022 
Military 


CY7B336-lOLMB 
L64 


12 
80 
CY7B336-120MB 
022 
Military 


CY7B336-12LMB 
L64 


MILITARY SPECIFICATIONS 
Group A Subgroup 
Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1L 
1,2,3 


I", 
1,2,3 


Ioz 
1,2,3 


Parameters 
Subgroups 


tlCO 
7, 8, 9, 10, 11 


tIS 
7, 8, 9, 10, 11 


tIH 
7, 8, 9, 10, 11 


texz 
7, 8, 9, 10, 11 


tezx 
7, 8, 9, 10, 11 


tpxz 
7, 8, 9, 10, 11 


tpzx 
7, 8, 9, 10, 11 


CYPRESS 
SEMICONDUCTOR 


Features 


• 
Very bigh perfonnance 
decoder 
-t1co=7ns 
- 
fMAXD = 142 MHz 


• 
12 input registers 


• 
8 outputs 
• 
4 product tenns 
per output 
• 
Asyncbronous 
output enable 
• 
Power-on reset 
• 
Higb noise immunity 
• 
>200IV input protection 
from elec- 
trostatic 
discharge 
• 
Advanced BiCMOS technology 


• 
Available in 28-pin 300-mil PDIP and 
CerDIP, and in SOJ, PLCC, and LCC 
packages 
Functional 
Description 


The CY7B337 is a 7-ns, 28-pin program- 
mable logic device specially designed for 
decoding 
applications 
with high-perfor- 
mance RISC processors and fast state ma- 
chines. 
There are twelve input registers that cap- 
ture data at the rising edge of the clock sig- 
nal and forward the information to the 24 
by 32 programmable 
array. Processed data 
from the programmable 
array is available 


to extemallogic 
via the eight output pins. 


7-ns BiCMOS PAL® 
with Input Registers 


Each output provides four product terms. 
All outputs can be tri-stated using the out- 
put enable signal. 


Additional 
features of the CY7B337 in- 
clude a power-on reset circuit that initial- 
izes all input registers to a "0" upon power- 
up, and six centrally located power pins 
(two Vcc pins 
and 
four ground 
pins), 


which improve noise margins. 


The CY7B337 is available in a wide variety 
of package types including 28-pin, 300-mil 
plastic and ceramic DIPs. SoJs. LeCs, and 
PLCCs. 


LCCand PLCC 


Top View 
~ 
...J 
0_ 
Sl~-=2UOO 


282726 


U 
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2' 
23 
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20 


, ',21314151617 
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Generic 
tlCO(ns) 
fMAXD (MHz) 
Icc(mA) 
tIS (ns) 
Part Number 
Com'l 
Mil 
Com'l 
Mil 
Com'l 
Mil 
Com'l 
Mil 


7B337-7 
7 
142 
180 
2 


7B337-8 
8 
125 
180 
2.5 


7B337-9 
9 
111 
180 
3 


7B337-1O 
10 
96 
180 
3 


7B337-12 
12 
80 
180 
3.5 


Maximum 
Ratings 
(Above 
which 
the useful 
life may be impaired. 
For user 
guidelines, 
not tested.) 


Storage 
Temperature 
- 65°C 
to + 150°C 
DC Programming 
Voltage 
.. 


Ambient 
Temperature 
with 
Static 
Discharge 
Voltage 
. 
Power 
Applied 
- 55°C 
to + 125°C 
(per 
M1lrSTD-883 
Method 
3015) 


Supply 
Voltage 
to Ground 
Potential 
Latch-Up 
Current 
. 
(Pins 
7 and 22 to Pins 8, 20, 21, and 23) ..... 
- 0.5V to + 7.0V 


DC Voltage 
Applied 
to Outputs 
in High 
Z State 
- 0.5V to + Vee 
Max. 


DC Input 
Voltage 
- O.5V to + Vee + 0.5V 


Output 
Current 
into 
Outputs 
(LOW) 
12 mA 


DC Input 
Current 
- 30 mA to + 5 mA 
(Except 
during 
programming) 


Electrical 
Characteristics 
Over 
the 
Operating 
Range 


................... 
9.5V 
> 2001V 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military[1) 
- 55°C 
to + 125°C 
5V ± 10% 


7B337 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output 
HIGH 
Voltage 
Vee 
= Min., 
V1N = VIH or V1L 
IOH = - 4 mA 
Com'l 
2.4 
V 


IoH=-3mA 
Mil 
204 


VOL 
Output 
WW 
Voltage 
Vee 
= Min., 
V1N = VIH or V1L 
IOL = 
12 mA 
Com'l 
0.4 
V 


IOL = 8 mA 
Mil 
004 


VIH 
Input 
HIGH 
Level 
Guaranteed 
Input 
Logical 
HIGH 
Voltage 
for All Inputs 
2.2 
V 


V1L 
Input 
LOW 
Level 
Guaranteed 
Input 
Logical 
WW 
Voltage 
for All Inputs 
0.8 
V 


IIX 
Input 
Leakage 
Current 
Vee 
= Max.,Oo4V 
~ 
VJN~2.7V 
- 250 
25 
J.l.A 


Ioz 
Output 
Leakage 
Current 
Vee 
= Max.,0.4V 
~ 
VouT~2.7V 
-100 
100 
J.l.A 


Isc 
Output 
Short 
Circuit 
Current 
Vee 
= Max., 
VOUT = 0.5V!2] 
- 30 
- 130 
mA 


Ice 
Power 
Supply 
Current 
Vee 
= Max., Outputs 
Disabled 
(in High 
Z State), 
Com'l 
180 
mA 


Device 
Operating 
at fMAX 
Mil 
180 


Parameters 
Description 
lYP· 
Max. 
Units 


C1N 
Input 
Capacitance 
11 
10 
pF 


COUT 
Output 
Capacitance 
9 
10 
pF 


Notes: 
1. 
TA is the "instant 
on" case temperature. 


2. 
Not more than one output should be tested at a time. Duration 
of the 
short circuit should not be more than one second. VOUT = 0.5V has 
been chosen to avoid test problems caused by tester ground degrada- 
tion. 


AC 
Test 
Loads 
and 
Waveforms!4] 
R1329n 


SV31(490n 
MIL) 
OUTPUT 


R2 
35 pF 
202n 
I 
(288n 
MIL) 
INCWDING 
_ 
_ 
JIG AND 
- 
- 
SCOPE 
(a) Nonna. 
Load 


3. 
Thsted initially and after any design or process changes that may affect 
these parameters. 
4. 
The normal test load is used for all parameters 
except for tpxz and 
tpzx. which are tested using the three-state 
load. 


R = 12Sn 


V 
: __ 
(_18_1_Q_1l 


OUTPUT- 
'1ISpF 


THEVENIN EQUIVALENTS 
12Sn 


90% 
10% 


Parameter 
Vx 
Output 
Waveform-Measurement 
Level 


tpxz (-) 
1.5V 
VOH 
: 
~ 
O.5V 
Vx 


tpxz (+) 
2.6V 
0.5V~1= 
Vx 
VOL 


tpzx(+) 
V1bc 


0.5v01:'" 
VOH 
Vx 


tpzx (-) 
Vtbc 
Vx 
: 
~ 
0.5V 
VOL 


Commercial 
Military 


7 
9 
8 
10 
12 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tlCO 
Input 
Register 
Clock 
to 
7 
9 
8 
10 
12 
ns 
Output 
Delay 


tp 
Clock 
Period 
(tWH+ tWLj3) 
6.4 
8.8 
7.6 
10.4 
12.4 
ns 


fMAXD 


Maximum 
Frequency 
Data 
Path 
142 
111 
125 
96 
80 
MHz 
(Lower 
of l/tlco 
and 
1/tpj3.61 


tWH 
Clock 
Width 
HIGH!31 
3.2 
4.4 
3.8 
5.2 
6.2 
ns 


tWL 
Clock 
Width 
LOWI3] 
3.2 
4.4 
3.8 
5.2 
6.2 
ns 


toH 
Output 
Hold 
After 
0 
0 
0 
0 
0 
Clock 
High 
ns 


tIS 
Input 
Set-Up 
Time 
2 
3 
2.5 
3 
3.5 
ns 


tlH 
Input 
Hold 
Time 
2 
3 
2.5 
3 
3.5 
ns 


tpxz 
Pin 
15 to Outyut 
7 
10 
8.5 
11.5 
14.5 
Disable 
Delay 
7J 
ns 


tpzx 
Pin 15 to Output 
7 
10 
8.5 
11.5 
14.5 
ns 
Enable 
Delay 


tpR 
Power-Up 
Reset 
Time!81 
1 
1 
1 
1 
1 
~s 


Notes: 
5. 
AC test load is used for all parameters 
except where noted. 
6. 
Maximum frequency 
data palh (fMAXD) 
is limited by lItlco 
for the 7- 


and 9-os commercial and the 8-os military versions. 
Maximum 
fre- 
quency data path (fMAXD) 
is limited by I/tp 
for the 10- and 12-ns mili- 


tary versions. 


7. 
This parameter is measured as the time that the previous output data 
slate remains stable after the output 
disable signal is received. This 
delay is measured 
to the point at which a previous HIGH level has fall- 


en to 0.5 volts below VOH Min. or a previous LOW level has risen to 
0.5 volts above VOL Max. 


8. 
This part 
has been designed with the capability to reset during system 


power-up. 
Following power-up, 
the input registers will be reset to a 


logic LOW state. The output state will depend on how the array is pro- 
grammed. To insure proper operation, the rise in V cc must be mono- 
tonic and the timing constraints 
depicted 
in power-up 
resetwavefOfm5 


must be satisfied. The clock signal input must be in a valid LOW Slate 
(VIN less than 0.8V) or a valid HIGH state (VIN greater 
than 2.2V) 


pnor to occurrence of the 10% level on the monotonically rising pow- 
er supply voltage. 
In addition, 
the clock input signal must remain 
stable in that valid state, as indicated, 
until the 90% level on the power 


supply voltage has been reached. The clock signal may transition LOW 
to HIGH to clock in new data or to execute a synchronous 
preset after 


the indicated 
delay (tpR + t,s) has been observed. 


PRELIMINARY 
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a 
~ 
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07 
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8337-8 


tlCo 
fMAXD 
Package 
Operating 
(ns) 
(MHz) 
Ordering Code 
Type 
Range 


7 
142 
CY7B337-7PC 
P21 
Commercial 


CY7B337-7DC 
D22 


CY7B337-7JC 
J64 


CY7B337-7VC 
V21 


8 
125 
CY7B337-8DMB 
D22 
Military 


CY7B337-8LMB 
L64 


9 
111 
CY7B337-9PC 
P21 
Commercial 


CY7B337-9DC 
D22 


CY7B337-9JC 
J64 


CY7B337-9VC 
V21 


10 
96 
CY7B337-lODMB 
D22 
Military 


CY7B337-10LMB 
L64 


12 
80 
CY7B337-12DMB 
D22 
Military 


CY7B337-12LMB 
L64 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1L 
1,2,3 
IIX 
1,2,3 


loz 
1,2,3 


Parameters 
Subgroups 


tlCO 
7, 8, 9, 10, 11 


tiS 
7, 8, 9, 10, 11 


tlH 
7, 8, 9, 10, 11 


tpxz 
7, 8, 9, 10, 11 


tpzx 
7, 8, 9, 10, 11 


-~.~ 
':jj 
CYPRESS 
iF 
SEMICONDUCTOR 


Features 


• 
Very high performance 
decoder with 


latched outputs 
- 
tpo = 6 ns 


- 
tLEO= 5.5 ns 
-t,s=3ns 


• 
12 inputs 


• 
8 latched outputs 


• 
2 product terms per output 
• 
Asynchronous 
output enable 


• 
Power-on reset 
• 
High noise immunity 


• >2001V input protection 
from elec- 
trostatic 
discharge 
• 
Advanced BiCMOS technology 


• 
Available in 28-pin 300-mil PDIP and 
CerDIp' and in SOJ, PLeC, and LeC 
packages 
Functional Description 


The CY7B338 is a 6-ns, 28-pin program- 
mable logic device specially designed for 
decoding 
applications 
with high-perfor- 
mance 
general-purpose 
processors 
and 
fast state machines. 
There are twelve inputs that feed into the 
24 by 16 programmable 
array. Processed 
data from the programmable array isdeliv- 
ered to the eight output latches. When the 
latch enable input is HIGH, 
the output 
latches are transparent 
and data from the 
array is available to the output 
buffers. 


When the latch enable input goes from 
HIGH 
to LOW, the latch contents 
are 


frozen. 


6-ns BiCMOS PAL® 
with Output Latches 


There are two product terms per outpu t. 
However, only one product term is used to 
sum products 
from the array; the other 


product term is used to control the tri-state 
output buffers. This output enable product 
term is ANDed with the complement 
of 


the output enable input pin to generate the 
output enable signal for each output buffer. 


Additional 
features of the CY7B338 in- 
clude a power-on reset circuit that initial- 
izes all output latches to a "0" upon power- 
up, and six centrally located power pins 
(two Vee pins 
and 
four ground 
pins), 


which improve noise margins. 


The CY7B338 is available in a wide variety 
of package types including 28-pin, 300-mil 
plastic and ceramic DIPs, SOJs, LeCs, and 
PLeCs. 


• 
3 2 
1 282726 


5 
U 
25 


6 
2' 


~ 
78338 
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9 
21 


10 
20 


11121314151617 
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Generic 
tpo (ns) 
tLEO(os) 
Ice (mA) 
tIS (ns) 


Part Number 
Com'l 
Mil 
Com'l 
Mil 
Com'. 
Mil 
Com'l 
Mil 


7B338-6 
6 
5.5 
180 
3 


7B338-7 
7 
6.5 
180 
4 


7B338-8 
8 
7.5 
180 
5 


7B338-10 
10 
8 
180 
5 


7B338-12 
12 
9.5 
180 
6 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
DC Programming Voltage. 
. 
9.5V 
Ambient Temperature 
with 
Static Discharge Voltage 
> 2001V 
Power Applied 
- 55°C to + 125°C 
(per MIL-STD-883 Method 3015) 


Supply Voltage to Ground Potential 
Latch-Up Current 
> 200 mA 
(Pins 7 and 22 to Pins 8, 20, 21, and 23) ..... 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- O.5V to + Vce Max. 


DC Input Voltage 
- 0.5V to + Vee + 0.5V 


Output Current into Outputs (LOW) 
12 mA 


DC Input Current 
- 30 mA to + 5 mA 


(Except during programming) 
Electrical Characteristics 
Over the Operating Range 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V:!: 
10% 


Military[1] 
- 55°C to + 125°C 
5V:!: 
10% 


7B338 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., VIN = VIHor VIL 
IOH = - 4 mA 
Com'l 
204 
V 


IOH = - 3 mA 
Mil 
204 


VOL 
Output LOW Voltage 
Vee = Min., VIN = VIHor VIL 
IOL = 12 mA 
Com'l 
004 
V 


IOL = 8 mA 
Mil 
0.4 


VIH 
Input HIGH Level 
Guaranteed 
Input Logical HIGH Voltage for All Inputs 
2.2 
V 


VIL 
Input LOW Level 
Guaranteed 
Input Logical LOW Voltage for All Inputs 
0.8 
V 


IIX 
Input Leakage Current 
Vee = Max., 0.4V -s- VIN-s- 2.7V 
- 250 
25 
IJ.A 


Ioz 
Output Leakage Current 
Vee = Max.,Oo4V -s- VouT-s-2.7V 
- 100 
100 
IJ.A 


Isc 
Output Short Circuit Current 
Vee = Max., VOUT= 0.5V(2! 
- 30 
- 130 
mA 


Ice 
Power Supply Current 
Vee = Max., Outputs Disabled (in High ZState), I Com'l 
180 
mA 


Device Operating 
at fMAX 
jMil 
180 


Parameters 
Description 
Typ. 
Max. 
Units 


CIN 
Input Capacitance 
11 
10 
pF 


COUT 
Output Capacitance 
9 
10 
pF 


Notes: 
1. TA is the "instant 
on" case temperature. 


2. 
Not more than one output shouldbe tested at a time. Duration of the 
short circuit should not be more than one second. VOUT= O.SVhas 
been chosen to avoidtest problemscausedby tester ground degrada- 
tion. 


3. Testedinitiallyand after anydesignor processchangesthat mayaffect 


these parameters. 


4. 
The normal test load is used for all parameters except for tER.lEA. 
lpxz, and tpzx. whichare tested using the three-state load. 


AC Test Loads and Waveforms!41 
R13290 


5V~(4900 
MIL) 


OUTPUT 


R2 
35 pF 
2020 
(2880 
MIL) 
INCLUDINGI _ 
JIG AND 
- 
- 
SCOPE 


(a) Nonnal Load 


R = 1250""iI5pF 


90% 


10% 


THEVENIN EQUIVALENTS 


1250 
OUTPUT 0 
•••• 


Parameter 
Vx 
Output Waveform-Measurement 
Level 


tER(-) 
1.5V 
VOH 
: 
i=: 
tpxz (-) 
0.5V 
Vx 


tER(+) 
2.6V 
0.5Vi1::'" 
Vx 
tpxz (+) 
VOL 


tEA(+) 
V1b, 


0.5v01:'" 
VOH 
tpzx (+) 
Vx 


tEA(-) 
Vtbc 
Vx 
: 
~ 
tpzx (-) 
0.5V 
VOL 


Commercial 
Military 


6 
8 
7 
10 
12 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tPD 
Input to Output 
6 
8 
7 
10 
12 
ns 
Propagation 
Delay 


tp 
Clock Period (tWH+ twd'] 
6.4 
8.8 
7.6 
10.4 
12.4 
ns 


fMAXD 
Maximum 
Frequency 
Data 
156 
113 
131 
96 
80 
MHz 
Path (1/tp)/31 


tWH 
Latch Enable HIGHI'I 
3.2 
4.4 
3.8 
5.2 
6.2 
ns 


tWL 
Latch Enable LOWPI 
3.2 
4.4 
3.8 
5.2 
6.2 
ns 


tLEO 
Latch Enable to 
5.5 
7.5 
6.5 
8 
9.5 
Output Delay 
ns 


tLOH 
Output Hold After 
0 
0 
0 
0 
0 
ns 
Latch Enable 


t,S 
Input Set-Up Time 
3 
5 
4 
5 
6 
ns 


tlH 
Input Hold Time 
0.5 
0.5 
0.5 
0.5 
0.5 
ns 


tER 
Input to Output 
9 
13 
11 
14 
17 
ns 
Disable Delayl6] 


tEA 
Input to Output 
9 
13 
11 
14 
17 
ns 
Enable Delay 


tpxz 
Pin 15 to Out~ut 
7 
10 
8.5 
11.5 
14.5 
Disable Delay 51 
ns 


tpzx 
Pin 15 to Output 
7 
10 
8.5 
11.5 
14.5 
ns 
Enable Delay 


tPR 
Power-Up Reset Time[7] 
1 
1 
1 
1 
1 
f.l.s 


Notes: 
5. 
AC test load is used for all parameters 
except where noted. 
6. 
This parameter 
is measured 
as the time that the previous output data 


state remains stable after the output 
disable signal is received. This 


delay is measured 
to the point at which a previous HIGH level has fall- 


en to 0.5 volts below VOH Min. or a previous lOW level has risen to 
0.5 volts above VOL Max. 


7. 
This part 
has been designed with the capability to reset during system 


power-up. 
Following power-up, 
the output 
latches will be reset to a 


logiC LOW state. To insure proper 
operation, 
the rise in Vcc 
must be 


monotonic 
and 
the 
timing 
constraints 
depicted 
in power-up 
reset 


waveforms must be satisfied. The latch enable input must be in a valid 
WW state (V,N less than 0.8V) prior to occurrence 
of the 10% level 


on the monotonically 
rising power supply voltage. 
In addition, 
the 


latch enable signal must remain stable in that valid LOW state, as indi- 
cated, 
until the 90% 
level on the power supply voltage 
has been 


reached. 
The latch enable 
is allowed to change from its WW stale 


only after the indicated 
delay (tpR) has been observed. 


• 


~~H 
• 
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tPD 
tLEO 
Package 
Operating 
(ns) 
(ns) 
Ordering Code 
Type 
Range 


6 
5.5 
CY7B338-6PC 
P21 
Commercial 


CY7B338-6DC 
D22 


CY7B338-6JC 
J64 


CY7B338-6VC 
V21 


7 
6.5 
CY7B338-IDMB 
D22 
Military 


CY7B338-7LMB 
L64 


8 
7.5 
CY7B338-8PC 
P21 
Commercial 


CY7B338-8DC 
D22 


CY7B338-8JC 
J64 


CY7B338-8VC 
V21 


10 
8 
CY7B338-10DMB 
022 
Military 


CY7B338-lOLMB 
1.64 


12 
9.5 
CY7B338-12DMB 
D22 
Military 


CY7B338-12LMB 
L64 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


I", 
1,2,3 


Ioz 
1,2,3 


Parameters 
Subgroups 


tPD 
7, 8, 9, 10, 11 


tiS 
7, 8, 9, 10, 11 


tlH 
7, 8, 9, 10, 11 


tLEO 
7, 8, 9, 10, 11 


tER 
7, 8, 9, 10, 11 


tEA 
7, 8, 9, 10, 11 


tpxz 
7, 8, 9, 10, 11 


tpzx 
7, 8, 9, 10, 11 
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Features 


• 
Very high perfonnance 
decoder with 


latched outputs 
- 
tpo = 7 ns 
-kEO = 5.5 ns 
- 
t,s = 4 ns 


• 
12 inputs 
• 
8 latched outputs 
• 
4 product tenns 
per output 
• 
Asynchronous 
output enable 
• 
Power-on reset 
• 
High noise immunity 
• 
> 200 IV input protection 
from elec- 


trostatic 
discharge 
• 
Advanced BieMOS technology 


• 
Available in 28-pin 300-mil PDIP and 
CerDIP, and in SOJ, PLCC, and LCC 
packages 
Functional Description 


The CY7B339 is a 7-ns, 28-pin program- 
mable logic device specially designed for 
decoding 
applications 
with high-perfor- 


mance 
general-purpose 
processors 
and 
fast state machines. 
There are twelve inputs that feed into the 
24 by 32 programmable 
array. Processed 
data from the programmable array isdeliv- 
ered to the eight output latches. When the 
latch enable input is HIGH, 
the output 
latches are transparent 
and data from the 
array is available to the output 
buffers. 
When the latch enable input goes from 
HIGH 
to LOW, the latch contents 
are 
frozen. 


7-ns BiCMOS PAL® 
with Output Latches 


There are four product terms per output 
and all outputs can be tri-stated using the 
output enable signal. 


Additional 
features of the CY713339 in- 
clude a power-on reset circuit that initial- 
izes all output latches to a "0" upon power- 
up, and six centrally located power pins 
(two Vcc pins 
and 
four ground 
pins), 


which improve noise margins. 


The CY7B339 is available in a wide variety 
of package types including 28-pin, 300-mil 
plastic and ceramic DIPs, SOls, LCes, and 
PLCCs. 


4 
3 
2 
1 282726 
U 
25 


24 
23 


22 


21 


10 
20 


111213141516171819 


Generic 
tpo (ns) 
tLEO(ns) 
Ice (mA) 
t,s (ns) 


Part Number 
Com'l 
Mil 
Com" 
Mil 
Com'l 
Mil 
Com" 
Mil 


7B339-7 
7 
5.5 
180 
4 


7B339-8 
8 
6.5 
180 
5 


7B339-9 
9 
7.5 
180 
6 


7B339-10 
10 
8 
180 
6 


7B339-12 
12 
9.5 
180 
7 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
DC Programming Voltage 
9.5V 
Ambient Temperature 
with 
Static Discharge Voltage........................ 
> 2OO1V 
Power Applied 
- 55°C to + 125°C 
(per MILrSTD-883 Method 3015) 


Supply Voltage to Ground Potential 
Latch-Up Current. 
. . . . . . . . . . . . . . . . . . . . . . . . . . .. 
> 200 mA 
(Pins 7 and 22 to Pins 8, 20, 21, and 23) . . . .. - 0.5V to +7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to +Vee Max. 
DC Input Voltage 
- 0.5V to + Vee + 0.5V 


Output Current into Outputs (LOW) 
12 mA 


DC Input Current 
- 30 mA to + 5 mA 


(Except during programming) 
Electrical Characteristics 
Over the Operating Range 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V:!: 
10% 


Militaryl'l 
- 55°C to + 125°C 
5V:!: 
10% 


7B339 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vec = Min., V,N = VlH or V,L 
IOH = - 4mA 
Com'l 
2.4 
V 


IoH=-3mA 
Mil 
2.4 


VOL 
Output LOW Voltage 
Vce = Min., V'N = VlH or VIL 
IOL = 12 mA 
Com'l 
0.4 
V 


IOL = 8 mA 
Mil 
0.4 


VlH 
Input HIGH Level 
Guaranteed 
Input Logical HIGH Voltage for All Inputs 
2.2 
V 


V,L 
Input LOW Level 
Guaranteed 
Input Logical LOW Voltage for All Inputs 
0.8 
V 


IlJ( 
Input Leakage Current 
Vee = Max., 0.4V ~ 
VIN~ 
2.7V 
- 250 
25 
~A 


Ioz 
Output Leakage Current 
Vee = Max.,0.4V ~ 
VouT~2.7V 
- 100 
100 
~A 


Isc 
Output Short Circuit Current 
Vec = Max., VOUT= 0.5VI2) 
- 30 
- 130 
mA 


Ice 
Power Supply Current 
Vce = Max., Outputs Disabled (in High ZState), 
Com'l 
180 
mA 


Device Operating at fMAX 
Mil 
180 


Parameters 
Description 
Typ. 
Max. 
Units 


C1N 
Input Capacitance 
11 
10 
pF 


CoUT 
Output Capacitance 
9 
10 
pF 


Notes: 
1. 
TA is the "instant 
on" case temperature. 


2. 
Not more than one output shouldbe tested al a lime.Duration of the 
short circuit should not be more than one second.VOUT= O.5Vhas 
been chosen to avoidtest problemscausedby tester ground degrada- 
tion. 


AC Test Loads and Waveformsl'] 


R13290 


5V31(4900 MIL) 


OUTPUT 


R2 
35 pF 
2020 
(2880 
MIL) 
INCLUDINGI _ 
JIG AND 
- 
- 
SCOPE 


(a) Normal 
Load 


3. Testedinitiallyand after anydesignor processchangesthat mayaHecl 


these parameters. 
4. 
The normal test load is used for aJ)parameters except for tpxz and 
lpzx, which are tested using the three-state 
load. 


A = 1250 


V 
: __ 
(_18_1P_,,_ 
.•Mt 


IL) 


OUTPU~- 
-15PF 


THEVENIN EQUIVALENTS 


1250 


GND 


~3ns 


90% 


10% 


Parameter 
Vx 
Output 
Waveform-Measurement 
Level 


tpxz (-) 
1.5V 
VOH 
: 
~ 
0.5V 
Vx 


tpxz (+) 
2.6V 
0.5V~1=" 
Vx 
VOL 


tpzx(+) 
V'hc 


0.5v0l=' 
VOH 
Vx 


tpzx (-) 
V'hc 
Vx 
: 
t:. 
O.5V 
VOL 


Commercial 
Military 


7 
9 
8 
10 
12 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tpD 
Input 
to Output 
7 
9 
8 
10 
12 
ns 
Propagation 
Delay 


tp 
Clock 
Period 
(tWH + twd/31 
6.4 
8.8 
7.6 
10.4 
12.4 
ns 


fMAXD 
Maximum 
Frequency 
Data 
Path 
142 
111 
125 
96 
80 
MHz 


(Lower 
of lItp and 
lItpD~J,61 


tWH 
Latch 
Enable 
HIGH!)I 
3.2 
4.4 
3.8 
5.2 
6.2 
ns 


tWL 
Latch 
Enable 
LOW(J) 
3.2 
4.4 
3.8 
5.2 
6.2 
ns 


tLEO 
Latch 
Enable 
to 
5.5 
7.5 
6.5 
8 
9.5 
ns 


Output 
Delay 


tWH 
Output 
Hold 
After 
0 
0 
0 
0 
0 
ns 


Latch 
Enable 


t,s 
Input 
Set-Up 
Time 
4 
6 
5 
6 
7 
ns 


t'H 
Input 
Hold 
Time 
0.5 
0.5 
0.5 
0.5 
0.5 
ns 


tpxz 
Pin 15 to Out~ut 
7 
10 
8.5 
11.5 
14.5 
ns 


Disable 
Delay 
71 


tpzx 
Pin 15 to Output 
7 
10 
8.5 
11.5 
14.5 
ns 


Enable 
Delay 


tPR 
Power-Up 
Reset 
Timel81 
1 
1 
1 
1 
1 
).lS 


Notes: 
5. 
AC test load is used for all parameters 
excepl where noted. 
6. 
Maximum frequency 
data path (fMAXD) 
is limited by WPD for the 7- 
and 9-05 commercial and the 8-os military versions. Maximum fre- 
quency data path (fMAXD) 
is limited by 1I1pfor the 10- and 12-ns mili- 
tary versions. 
7. 
This parameter is measured as the time that the previous output data 
state remains stable after the output disable signal is received. This 
delay is measured to the point at which a previous HIGH level has fall- 
en to 0.5 volts below VOH Min. or a previous WW level has risen to 
0.5 volts above VOL Max. 


8. 
This part has been designed with the capability 10 reset during syslem 
power-up. 
Following power-up, 
the outpul 
lalches will be resel 10 a 


logic WW slale. To insure proper operation, 
the rise in Vee musl be 


monotonic 
and the timing constraints depicted 
in power-up reset 
waveforms must be satisfied. The latch enable input must be in a valid 
WW state (V'N less than 0.8V) prior 10 occurrence 
of Ihe 10% level 
on the monotonically 
rising power supply voltage. 
In addition, 
the 


lalch enable signalmusl 
remain slab Ie in Ihat valid WW slale, as indi- 
caled, 
until the 90% 
level on the power supply voltage 
has been 


reached. 
The (alch enable is allowed 10 change from ils WW slale 


only after the indica led delay (tpR) has been observed. 
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CY7B339 Logic Diagram 
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tPD 
tLEO 
Package 
Operating 
(ns) 
(ns) 
Ordering Code 
'JYpe 
Range 


7 
5.5 
CY7B339-7PC 
P21 
Commercial 


CY7B339-IDC 
D22 


CY7B339-7JC 
J64 


CY7B339-7VC 
V21 


8 
6.5 
CY7B339-8DMB 
D22 
Military 


CY7B339-8LMB 
1.64 


9 
7.5 
CY7B339-9PC 
P21 
Commercial 


CY7B339-9DC 
022 


CY7B339-9JC 
J64 


CY7B339-9VC 
V21 


10 
8 
CY7B339-lODMB 
D22 
Military 


CY7B339-lOLMB 
1.64 


12 
9.5 
CY7B339-12DMB 
D22 
Military 


CY7B339-12LMB 
1.64 


MILITARY SPECIFICATIONS 
Group A Subgroup 
Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VJH 
1,2,3 


V1L 
1,2,3 


II)( 
1,2,3 


Ioz 
1,2,3 


Parameters 
Subgroups 


tPD 
7, 8, 9, 10, II 


tIS 
7, 8, 9, 10, II 


till 
7, 8, 9, 10, II 


tLEO 
7, 8, 9, 10, II 


tpxz 
7, 8, 9, 10, II 


tpzx 
7, 8, 9, 10, II 
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Features 


• 
Erasable, 
user-configurable 
CMOS 


EPLDs capable of implementing 
high-density custom logic functions 
• Advanced O.S-micron double-metal 
CMOS EPROM technology 
• Multiple Array MatriX architecture 
optimized for speed, density, and 
straightforward 
design implementa- 


tion 
-1)'pical 
clock frequency = 50 MHz 
- 
Programmable 
Interconnect 
Array 


(PIA) simplifies routing 
- 
Flexible macrocells 
increase utili- 
zation 
- 
Programmable 
clock control 
- 
Expander product terms imple- 
ment complex logic functions 


• MAX+PLUS® development system 


eases design 
- 
Runs on IBM PC/AT® and com- 
patible machines 


- 
Hierarchical 
schematic 
capture 
with 7400 series TTL and custom 
macrofunctions 
- 
State machine and Boolean entry 
- 
Graphical 
delay path calculator 
- Automatic error location 
- Timing simulation 
- 
Graphical 
interactive 
entry of wa- 


veforms 


General 
Description 


The 
Cypress 
Multiple 
Array 
MatriX 
(MAX®) 
family of EPLDs 
provides 
a 
user-eonfigurable, high-<lensity solution to 
general-purpose 
logic integration require- 


ments. With the combination of innovative 
architecture 
and state-of-the-art 
process, 
the MAX EPLDs offer LSI density without 
sacrificing speed. 


The MAX architecture makes it ideal for 
replacing large amounts of TTL SSI and 
MSI logic. For example, a 74161 counter 
utilizes only 3% of the 
128 macrocells 
available 
in the CY7C342. 
Similarly, a 
74151 8-to-l 
multiplexer 
consumes 
less 
than 1% of the over 1,000product terms in 
the CY7C342. This allows the designer to 
replace 50 or more TTL packages with just 
one MAX EPLD. The family comes in a 
range of densities, shown below. By stan- 
dardizing on a few MAX building blocks, 
the designer can replace hundreds of dif- 
ferent 7400 series part numbers currently 
used in most digital systems. 


The family is based on an architecture of 
flexible macrocells grouped together into 
Logic Array Blocks (lABs). 
Within the 
lAB is a group of additional product terms 
called expander product terms. These ex- 
panders are used and shared by the macro- 
cells, allowing complex functions, up to 35 
product terms, to be easily mplemented in 
a single macrocell. A Programmable Inter- 
connect Array (pIA) globally routes all 


Multiple Array MatriX 


High-Density 
EPLDs 


signals within 
devices 
containing 
more 


than one lAB. This architecture 
is fabri- 
cated on the Cypress advanced 0.8-micron, 
double-layer-metal 
CMOS EPROM 
pro- 
cess, yielding 
devices with significantly 


higher 
integration 
density 
and 
system 
clock speed than the largest of previous 
generation 
EPLDs. 


The density and flexibility of the CY7C340 
family is accessed using the MAX + PLUS 
development 
system. A PC-based design 


system, MAX + PLUS isoptimized specifi- 
cally for the CY7C340 family architecture, 
providing efficient design processing. A hi- 
erarchical schematic entry mechanism 
is 


used to capture the design. State machine, 
truth table, and Boolean equation 
entry 


mechanisms are also supported, 
and may 


be mixed with schematic 
capture. 
The 


powerful design processor performs mini- 
mization and logic synthesis, then auto- 
matically fits the design into the desired 
EPLD. Design verification is done using a 
timing simulator, which provides full A.c. 
simulation, 
along 
with 
an 
interactive 


graphic waveform editor package to speed 
waveform creation and debugging. During 
design processing a sophisticated automat- 
ic error locator shows exactly where the er- 
ror occurred by popping the designer back 
into the schematic at the exact error loca- 
tion. 


Feature 
CY7C344 
CY7C343 
CY7C342 
CY7C341 


Macrocells 
32 
64 
128 
192 


MAX Flip-Flops 
32 
64 
128 
192 


MAX Latchesfll 
64 
128 
256 
384 


MAX Inputs[2] 
23 
35 
59 
71 


MAX Outputs 
16 
28 
52 
64 


[ Packages 
28H,J 


[ 


44H,J 
68H,J 
84H,J 
28W,D 
68R,G 
84R,G 


Key:D-DIP 
G-Pin 
Grid Array H-Windowed Ceramic Leaded Chip Carrier 
J-J-Lead 
Chip Carrier 
R-Windowed Pin Grid Array 
W- WindowedCeramic DIP 


Notes: 
1. When all expander product terms are used to implementlatches. 


PALis a registered trademark of Monolithic MemoriesInc. 
MAXand MAX+ PLUS are registered trademarks of Altera Corporation. 
IBM and IBM PC/AT are registered trademarks of International BusinessMachinesCorporation. 


LOGIC 
BLOCK 
ARRAY 
(LAB) 


EXPANDER 
PRODUCT 
TERMS 


PROGRAMMABLE 
INTERCONNECT 
ARRAY 
(PLA) 


CY7C340 EPLD Family 


MULTIPLE 
ARRAYS 


(LABS) 


DUAL 
1:0 


FEEDBACK 


Functional 
Description 


The Logic Array Block 


The logic array block, shown in Figure 2, is the heart of the MAX 
architccturc. 
It consists of a macrocell array, expander product 


tcrm array, and an VO block. The number of macrocells, expan- 
dcrs, and I/O vary, dcpending upon the device used. Global feed- 
back of all signals is provided within a LAB, giving each functional 
block complete access to the LAB resources. The LAB itself is fed 
by the programmablc 
interaconnect 
array and dedicated input bus. 
The feedbacks of the macrocells and I/O pins feed the PIA, provid- 
ing access to them 
through 
other 
LABs in the device. The 


CY7C340 family of EPLDs that have a single LAB use a global bus 
and a PIA is not needed (see Figure 3). 
The MAX Macrocell 


Traditionally, PLDs have been divided into either PLA (program- 
mable AND, 
programmable 
OR), 
or PAL® 
(programmable 


AND, fixed OR) architectures. 
PLDs of the latter type provide 


faster input-to-output 
delays, but can be inefficient due to fixed al- 


location of product terms. Statistical analysisofPLD 
logic designs 
has shown that 70% of all logic functions (per macrocell) require 
thrcc product terms or less. 


Thc macrocell structure of MAX has been optimized to handle 
variable product term requirements. 
As shown in Figure 4, each 


macrocell consists of a product term array and a conflgurable regis- 
ter. In the macrocell, combinatorial 
logic is implemented 
with 


three product terms ORed together, which then feeds an XOR 
gatc. The second input to the XOR gate is also controlled by a 
product term, providing the ability to control active HIGH or ac- 
tive LOW logic and to implement 
'1'- and JK-type flip-flops. The 


Max + PLUS sofware will aso use this gate to implement complex 
mutually exclusive-OR arithmetic logic functions, or to do OeM or- 


r------------------, II 
~(~sI 


PROGRAMMABLE 
INTERCONNECT 


ARRAY 


gan's Inversion, reducing thc number of product tcrms rcquircd 
to implement a function. 


lfmore product terms are required to implcment a givcn function, 
they may be added to the macrocell from the expander product 
term array. These additional product terms may bc addcd to any 
macrocell, allowing the designer to build gate-intensive logic, such 
as address decoders, adders, comparators, 
and complex state ma- 
chines, without using extra macrocells. 


The register within the macrocell may be programmed 
for eithcr 


0, T, JK, or RS operation. It may alternately be configured as a 
flow-through 
latch for minimum 
input-to-output 
delays, or by- 
passed entirely for purely combinatorial 
logic. In addition, cach 


register supports both asynchronous 
preset and clear, allowing 
asynchronous 
loading of counters of shift registers, as found in 


many standard TIL 
functions. These registers may bc clocked 


with a synchronous system clock, or clocked independently 
from 


the logic array. 


Expander Product Terms 
• 


The expander product terms, as shown in Figure 5, are fcd by thc 
dedicated input bus, the programmable 
interconnect 
array, thc 


macrocell feedback, the expanders 
themselves, and the I/O pin 


feedbacks. Thc outputs of the expanders thcn go to each and evcry 
product term in the macrocell array. This allows expanders to bc 
"shared" by the product terms in the logic array block. One expan- 
der may feed all macrocells in the LAB, or even multiple product 
terms in the same macrocell. Since these expanders feed the sec- 
ondary product terms (preset, clear, clock, and output enable) of 
eaeh maerocell, complex logic funeitons 
may be implemented 


without utilizing another maerocell. Likewise, expanders may feed 
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PROGRAMMABLE 
INTERCONNECT 


SIGNALS 


8 


DEDICATED 
INPUTS 


32 


EXPANDER 
PRODUCT 
TERMS 
(64 FOR 7C344) 


16 
MACROCELL 
FEEDBACKS 
(32 FOR 7C344) 


• 
PROGRAMMABLE FLIP-FLOP 
(0, T. JK, SR) 


• 
REGISTERED OR FLOW- 
THROUGH-LATCH OPERATION 


• 
PROGRAMMABLE CLOCK 


• 
ASYNC CLEAR AND PRESET 


Figure 4. Macrocell Block Diagram 


Functional 
Description 
(continued) 


and be shared by other expanders, to implement 
complcx multi- 


level logic and input latches. 


I/O Block 


Separate from the macrocell array is the 110 control block of the 
LAB. Figure 6 show.; the 110 block diagram. The three-state bu ffer 
is controlled by a macrocell product term and the drives the [f0 
pad, The input of this buffer comes from a macrocell within the 
associated LAB. The feedback path from the 110 pin may feed 
other blocks within the LAB. as well as the PIA. 


By decoupling the 110 pins from the flip-flops. all the registers in 
the LAB are "buried." allowing the 110 pins to be used as dedi- 
cated outputs, bidirectional outputs, or as additional dedicated in- 
puts. Therefore. 
applications 
requiring 
many buried 
flip-flops. 


such as counters, shift registers, and state machines, no longer con- 
sume both the macrocell register and the assoicated I/O pin, as in 
earlier devices. 


The Programmable Interconnect Array 


PLD density and speed has traditionally 
bcen limited by signal 


routing; i.e.• getting signals from one macrocell to another. 
For 


smaller devices, a single array is used and all signals are available 
to all macrocells. But as the devices increase in density. the numbcr 
of signals being routed becomes very large. increasing the amount 


• 
• 
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Functional 
Description 
(continued) 


of silicon uscd for intcrconnections. 
Also, because the signal must 


be global, the added loading on the internal connection path re- 
duces the overall speed performance 
of the device. The MAX ar- 


chitecture 
solves these problems. It is based on the concept of 


small, flexible logic array blocks, which, in the later devices, are in- 
terconnected 
by a PIA. 


The PIA solves interconnect limitations by routing only the signals 
needed by each lAB. The architecture 
is designed so that every 


signal on the chip is within the PIA. The PIA is then programmed 
to give each lAB access to the signals that it requires. Consequent- 
ly, each lAB 
receives only the signals needed. This effectively 


solves any routing problems that may arise in a design without de- 
grading the performance 
of the device. Unlike masked or pro- 


grammable gate arrays, which induce variable delays dependent 
on routing, the PIA has a fixed delay from point to point. This 
eliminates undesired skews among logic signals, which may cause 
glitches in internal or external logic. 


MAX + PLUS Development 
System Description 


The PLDS-MAX + PLUS (Programmable 
Logic Design System) 


is a unified 
CAE 
system 
for designing 
logic with Cypress's 


CY7C340 family of EPLDs (Figure 7). PLDS-MAX + PLUS in- 
cludes design entry, design processing, timing simulation, and de- 
vice programming 
support. 
PLDS-MAX + PLUS runs on IBM 


PS/2, PC-AT, or compatible machines, and provides tools to quick- 
Iy and efficiently create and verify complex logic designs. 


The MAX + PLUS software compiles designs for MAX EPLDs 
in minutes. Designs may be entered with a variety of design entry 
mechanisms. 
MAX + PLUS supports hierarchical 
entry of both 


Graphic Design Files (GDFs) with the MAX + PLUS Graphic 
Editor, and Text Design Files (TDFs) with the Advanced Hard- 
ware Dcscription 
Language (AHDL). The Graphic Editor offers 


advanced fcatures such as multiple hierarchy levels, symbol edit- 
ing, and a library of 7400 series devices as well as basic SSI gates. 
AHDL dcsigns may be mixed into any level of the hierarchy or 
used on a standalone basis. AHDL is tailored especially for EPLD 
designs and includes support for complex Boolean and arithmetic 
functions, relational comparisons, multiple hierarchy levels, state 
machines with automatic state variable assignment, truth tables, 
and function calls. 


FROM 


MACAOCELl 


IN LAB 


In addition to multiple design entry mechanisms, 
MAX + PLUS 


includes a sophisticated compiler that uses advanced logic synthe- 
sis and minimization techniques in conjunction with heuristic fit- 
ting rules to efficiently place designs within MAX EPLDs. A pro- 
gramming 
file 
created 
by 
the 
compiler 
is 
then 
used 
by 


MAX + PLUS to program MAX devices with the OP2-MAX pro- 
gramming hardware. 


Simulations may be performed with a powerful, event-driven tim- 
ing simulator. The MAX + PLUS Simulator interactively displays 
timing results in the MAX + PLUS Waveform Editor. Hardcopy 
table and waveform output is also available. With the Waveform 
Editor, 
input 
vector 
waveforms 
may be 
entered, 
modified, 


grouped, and ungrouped. In addition, the Waveform Editor com- 
pares simulation runs and highlights the differences. 


The integrated structure of MAX + PLUS providcs features such 
as automatic error location and delay prediction. If a design con- 
tains an error in either a schematic or a text file, MAX + PLUS 
flags the error and takes the user to the actual location of the error 
in the original schematic or text fIle. In addition, propagation de- 
lays of critical paths may be determined 
in both the Graphic and 


Text Editors with the delay predictor. Afterthe source and destina- 
tion nodes are tagged, the shortest and longest timing dclays are 
calculated. 


MAX + PLUS provides a seamless design framework using a con- 
sistent graphical user interface throughout. 
This framcwork sim- 
plifies all stages of the design cycle: design entry, processing, verifi- 
cation, and programming. In addition, MAX + PLUS offers online 
help to aid the user. 


Design Entry 


MAX + PLUS offers both graphic and text design entry methods. 
GDFs are entered with the MAX + PLUS Graphic Editor; Bool- 
ean equations, state machines, and truth tables may be entered 
with the MAX + PLUS Test Editor using AHDL 
The ability to 


freely mix graphics and text files at all levels of the design hierarchy 
and to use either a top-down or bottom-up design method makes 
design entry simple and versatile. 


Graphic Editor 


The Graphic Editor provides a mouse-driven, multi-windowed en- 
vironment in which commands are entered with pop-up menus or 
simple keystrokes. The Hierarchy Display window, shown at the 
top, lists all schematics used in a design. The designer navigates 
the hierarchy by placing the cursor on the name of the design to 
be edited and clicking the left mouse button. The Total View win- 
dow (next to the Hierarchy window) shows the entire design. By 
clicking on an area in this window, the user is movcd to that arca 
of the schematic. The Error Report window lists all warnings and 
errors inthe compiled design; selecting an error with thc cursor 
highlights the problem node and symbol. A design is editcd in the 
main area, which may be enlarged by closing thc auxiliary win- 
dows. 


When entering a design, the user may choose from a library of ovcr 
200 7400 series and special-purpose macrofunctions 
that are all op- 


timized for MAX architecture. In addition, the designer my creatc 
custom functions that can be used in any MAX + PLUS design. 


To take advantage of the hierarchy features, the user first saves the 
entcred design so the Graphic Editor can automatically create a 
symbol representing 
the design. This symbol may be used in a 


higher-level schematic or in another design. It may also be modi- 
ficd with the Symbol Editor. 


• 


Graphic Editor 
(continued) 


Tag-and-drag editing is used to move individual symbols or entire 
areas. Lines stay connected with orthogonal rubberbanding. 
A de- 


sign may be printed 
on an Epson 
FX-compatible 
printer, 
or 


plotted on an HP- or Houston Instruments-eompatible 
plotter. 


Symbol Editor 


The MAX + PLUS Symbol Editor enables the designer to create 
or modify a custom symbol representing a GDF or TDE It is also 
possible to modify input and output pin placement of an automati- 
cally generated symbol. 


The created symbol represents a lower-level design, described by 
a GDF or TDE The lower-level design represented by the symbol 
may be displayed with a single command that invokes either the 
Graphic Editor for schematics or the Text Editor for AHDL de- 
signs. 


AHDL 


The Advanced 
Hardware 
Description 
Language 
(AHDL) 
is a 
high-level, modular language used to create logic designs for MAX 
EPLDs. It is completely integrated into MAX + PLUS, so AHDL 
files may be created, 
edited, 
compiled, 
simulated, 
and pro- 


grammed from within MAX + PLUS. 


AHDL provides support for state machine, truth tables, and Bool- 
ean equations, 
as well as srithmetic 
and relational operations. 
AHDLis hierarchical, which allows frequently used functions such 
as TTL and bus macrofunctions 
to be incorporated 
in a design. 


AHDL 
supports complex arithmetic 
and relational opeartions, 
such as addition, subtraction, 
equality, and magnitude compari- 


sons, with the logic functions automatically generated. Standard 
Boolean functions, including AND, OR, NAND, NOR, XOR, and 
SNOR are also included. Groups are fully supported so operations 
may be performed on groups as well as on single variables. AHDL 
also allows the designer to specify the location of nodes within 
MAX EPLDs. Together, these features enable complex designs to 
be implemented 
in a concise, high-level description. 


Text Editor 


The MAX + PLUS Text Editor enables the user to view and edit 
text files within the MAX + PLUS environment. 
Any ASCII text 
file, including Vector Files, Table Files, Report Files, and AHDL 
Text Design Files (TDFs) may be viewed and edited wihtout hav- 
ing to exit to DOS. 


The Text Editor parallels the Graphic Editor's menu structure. It 
has a Hierarchy 
Display and a Total View window for moving 
through the hierarchy levels and around the design. It includes au- 
tomatic error location and hierarchy traversal. If an error is found 
in a TDF during compilation, the Text Editor is automatically in- 
voked and the line of AHDL code where the error occurred is 
highlighted. In addition, a design may use both text and graphic 
files. As the designer t4raverses the hierarchy, the Text Editor is 
invoked for text files, and the Graphic Editor is invoked for sche- 
matics. 


Symbol Libraries 


The library provided with MAX + PLUS contains the most com- 
monly used 7400 series devices such as counters, decoders, encod- 
ers, shift registers, flip-flops, latches, and multipliers, as well as spe- 
cial bus macrofunctions, 
all of which increase design productivity. 
Because of the flexible architecture of MAX EPLDs (that includes 
asynchronous 
preset and clear), true TTL device emulation 
is 


achieved. Cypress also provides special-purpose 
bus macrofunc- 


tions for designs that use buses. All macrofunctions have been op- 
timized 
to 
maximize 
speed 
and 
utilization. 
Refer 
to 
the 


MAX + PLUS TTL MaaoFunctions 
manual for more information 


on TTL macrofunctions. 


Design Processing 


The MAX + PLUS Compiler processes MAX designs. The Com- 
piler offers options that speed the processing and analysis of a de- 
sign. The user can set the degree of detail of the Report File and 
the maximum number of errors generated. 
In addition, the user 


may select whether or not to extract a nellist file for simulation. 


The Compiler compiles a design in increments. 
If a design has 


been previously processed, only the portion of the design that has 
been changed is re-extracted, 
which decreases the compilation 


time. This "Make" facility is an automatic feature of thc Compile 
command. 


The first module of the Compiler, the Compiler Nellist Extractor, 
• 


extracts the nellist that is used to define the design from each file. 
• 


At this time, design rules are checked for any errors. If errors are 
found, the Graphic Editor is invoked when the error appears In a 
GDF, and the Text Editor is invoked when the error appears in a 
TDE The Error Report window in both editors highlights the loca- 
tion of the error. A successfully extracted design is built into a data- 
base to be used by the Logic Synthesizer. 


The Logic Synthesizer module translates and optimizes the user- 
defined logic for the MAX architecture. Any unused logic within 
the design is automatically removed. The Logic Synthesizer uses 
expert system synthesis rules to factor and map logic within the 
multilevel MAX architecture. 
It then chooses the approach that 
ensures the most efficient use of silicon resources. 


The next module, the Fitter, uses heuristic rules to optimally place 
the synthesized design into the chosen MAX EPLD. For MAX de- 
vices that have a Programmable Interconnect Array (PIA), the Fit- 
ter also routes the signals across this interconnect structure, so the 
designer doesn't have to worry about placement 
and routing is- 
sues. A Report File (.RPT) is issued by the Fitter, which shows de- 
sign implementation 
as well as any unused resources in the EPLD. 


The designer can then determine how much additional logic may 
be placed in the EPLD. 


A Simulator Nellist File (.SNF) may be extracted from the com- 
piled design by the Simulator Netlist Extractor if simulation is de- 
sired. Finally, the Assembler creates a Programmer 
Object File 


(.POF) 
from the compiled 
design. This file is used with the 


OP2-MAX 
programming 
hardware to program the desired part. 


Delay Prediction 
and Probes 


MAX + PLUS includes powerful analysis tools to verify and ana- 
lyze the completed design. Delay analysis with the delay predictor 
may be performed 
interactively in the Graphic Editor, or in the 


Simulator. The Simulator is interactive and event-driven, yielding 
true timing and functiClnal charactersitics of the compiled design. 


The delay predictor provides instant feedback about the timing of 
the processed design. After selecting the start point and end point 
of a path, the designer may determine 
the shortest and longest 


propagation 
delays of speed-critical paths. 


Also, a designer may use probes to mark internal nodes in a design. 
The designer may enter a probe by placing the cursor on any node 
in a graphic design, selecting the SPE (Symbol:Probe:Enter) 
com- 
mand, and then entering a unique name to define the probe. This 
name may then be used in the Graphic Editor, Simulator, and 
Waveform Editor to reference that node, so that lengthy hierarchi- 
cal path names are avoided. 


Simulator 


Input stimuli can be defined with a straightforward 
vector input 
language, or waveforms can be directly drawn using the Waveform 
Editor. Outputs may also be viewed in the Waveform Editor, or 
hardcopy table and waveform files may be printed. 


The Simulator used the Simulator Nellist File (SNF) extracted 
from the compiled 
design to perform 
timing simulation 
with 
lIIo-nanosecond 
resolution. A Command 
File may be used for 
batch operation, or commands may be entered interactively. Simu- 
lator commands allow the user to halt the simulation dependent 
on user-defined conditions, to force and group nodes, and perform 
AC detection. 


If flip-flop set-up or hold times have been violated, the Simulator 
warns the user. In addition, the minimum pulse width and period 
of oscillation may be defined. If a pulse is shorter than the mini- 
mum pulse width specified, or if a node oscillates for longer than 
the specified time, the Simulator issues a warning. 


Waveform Editor 


The MAX + PLUS Waveform Editor provides a mouse-driven en- 
vironment in which timing waveforms may be viewed and edited. 
It functions as a logic analyzer, enabling the user to observe simu- 
lation results. Simulated waveforms may be viewed and manipu- 
lated at multiple zoom levels. Nodes may be added, deleted, and 
combined into buses, which may contain up to 32 signals repre- 
sented in binary, octal, decimal, or hexadecimal format. Logical 
opeartors may also be performed 
on pairs of waveforms, so that 
waveforms may be inverted, ORed, ANDed, or XORed together. 


The Waveform Editor includes sophisticated 
editing features to 
define and modify input vectors. Input waveforms are created with 
the mouse and familiar text editing commands. Waveforms may 
be copied, patterns may be repeated, and blocks may be moved 
and copied. For example, all or part of a waveform may be con- 
tracted to simulate the increase in clock frequency. 


The Waveform Editor also compares and highlights the difference 
between two different simulations. A user may simulate a design, 
observe and edit the results, and then resimulate the design, and 
the Waveform Editor will show the results superimposed 
upon 
each other to highlight the differences. 


MAX + PLUS Timing Analyzer (MTA) 


The MAX + PLUS Timing Analyzer (MTA) provides user-confi- 
gurable reports that assist the designer in analyzing critical delay 
paths, set-up and hold timing, and overall system performance 
of 
any MAX EPLD design. Critical paths identified by these reports 
may be desplayed and highlighted. 


Timing delays between multiple source and destination nodes may 
be calculated, thus creating a connection matrix giving the shortest 
and longest delay paths between all source and destination nodes 
specified. Or, the designer may specify that the detailed paths and 
delays between specific sources and destinations be shown. 


The set-up/hold option provides set-up and hold requirements 
at 
the device pins for all pins that feed the D, CLK, or ENABLE in- 
puts of flip-flops and latches. Critical source nodes may be speci- 
fied individually, or set-up and hold at all pins may be calculated. 
This information is then displayed in a table, one set of set-up and 
hold times per flip-flop/latch. 


The MTA also allows the user to print a complete list of all accessi- 
ble nodes in a design,; i.e., all nodes that may be displayed during 
simulation or delay prediction. 


All MTA options may be listed in an MTA command file. With 
this file, the user may specify all information needed to configure 
the output. 


SNF2GDF 
Converter 


SNF2GDF 
converts the SNF into logic schematics represented 


with basic gates and flip-flop elements. It uses ~heSNF's delay and 
connection information and creates a senes of schematICSfully an- 
notated with propagation 
delay and set-up and hold information 
at each logic gate. Certain speed paths ofa design may be specified 
for conversion, so the user may graphically analyze only the paths 
considered critical. 


If State Machine 
or Boolean 
Equation 
design entry 
is used, 


SNF2GDF shows how the high-level description has been synthe- 
sized and placed into the MAX architecture. 


Device Programming 


PLDS-MAX contains the basic hardware and software for pro- 
gramming the MAX EPLD family. Adpaters are included for pro- 
gramming the CY7C344 (DIP and PLeC) and CY7C342 (PLeC) 
devices. Additional adapters supporting other MAX devices may 
be purchased 
separately. 
MAX + PLUS programming 
software 


drives the QP2-MAX 
programming 
hardware. The designer can 
use MAX + PLUS to program and verify MAX EPLDs.lfthe 
secu- 
rity bit of the device is not set to ON, the designer may also read 
the contents of a MAX device and use this information to program 
additional devices. 


System Requirements 


Minimum System Configuration 


IBM PS/2 model 50 or higher, PC/AT or compatible 
computer. 


PC-DOS version 3.1 or higher. 


640 kbytes RAM. 


EGA, VGA or Hercules monochrome 
display. 


2O-MB hard disk drive. 


1.2-MB 5\14" or 1.440MB 3'1z" floppy disk drive. 


Recommended System Configuration 


IBM PS/2 
model 
70 or 
higher, or 
Compaq 
386 2O-Mhz 
computer. 


PC-DOS ven,ion 3.3. 


640 kbytes of RAM plus 1 MB of expanded memory with LIM 
3.2-compatible EMS driver. 


2O-MB hard disk drive. 


1.2-MB 51/." 
or 1.440MB 3\1," floppy disk drive. 


3-button serial port mouse. 


Ordering Information 


CY3200 
PLDS-MAX + PLUS System including: 


MAX + PLUS software, manuals 
and key. 


OP2-MAX PLD programmer 
with 


CY3342 & CY3344 adapters. 


Device 
Adapters 


CY3340 
Adapter for CY7C341 in PLeC 
packages. 


CY3342 


CY3344 


CY3342R 


CY33435 


Adapter for CY7C342 in PLeC packages. 


Adapter for CY7C344 in DIP and PLeC 
packages. 


Adapter for CY7C342 in PGA packages. 


Adapter for CY7C343 in PLeC packages. 
• 


Features 


• 
192 macrocells 
in 12 LABs 
• 
8 dedicated inputs, 64 bidirectional 
I/O pins 
• 
Programmable 
interconnect 
array 
• 
384 expander product terms 
• 
Available in 84-pin JLCC, PLCC, and 
PGA packages 


Functional 
Description 


The CY7C341 is an Erasable 
Program- 
mable 
Logic Device 
(EPLD) 
in which 


CMOS EPROM 
cells are used to confi- 


gure logic functions within the device. The 
MAX architecture 
is 100% user configur- 


able allowing the devices to accommodate 
a variety of independent 
logic functions. 


The 192macrocells in the CY7C341 are di- 
vided into 12 Logic Array Blocks (lABs), 
16per LAB. There are 384 expander prod- 
uct terms, 32 per LAB, to be used and 
shared by the macrocells within each LAB. 
Each LAB is interconnected 
with a pro- 


grammable interconnect 
array, allowing all 


signals to be routed throughout the chip. 


The speed and density of the CY7C341 al- 
lows it to be used in a wide range of applica- 
tions, from replacement 
of large amounts 


of 7400 series TTL logic, to complex con- 
trollers and multifunction chips. With great- 
er than 37 times the functionality of20"pin 
PLDs, the CY7C341 allows the replace- 
ment of over 75 TTLdevices. 
By replacing 


large amounts of logic, the CY7C341 re- 
duces board 
space, part 
count, 
and in- 


creases system reliability. 


Each LAB contains 
16 macrocells. 
In 


LABs A, F, G, and L, 8 macrocells are con- 
nected to I/O pins and 8 are buried, while 
for LABs B, C, D, E, H, I, J, and K, 4 ma- 
crocells are connected to I/O pins and 12 
are buried. Moreover, in addition to the I/ 
o and buried 
macrocells, 
there 
are 32 


single product 
term 
logic expanders 
in 


each LAB. Their use greatly enhances the 
capability of the macrocells without 
in" 


creasing the number of product terms in 
each macrocell. 


Logic Array 
Blocks 


There 
are 12 logic array blocks in the 
CY7C341. Each LAB consists of a macro- 
cell array containing 16 macrocells, an ex- 
pander product term array containing 32 
expanders, and an I/O block. The LAB is 
fed by the 
programmable 
interconnect 
array and the dedicated input bus. All ma- 
crocell feedbacks go to the macrocell array, 
the expander array, and the programmable 
interconnect 
array. Expanders feed them- 
selves and the macrocell array. All I/O 
feedbacks go to the programmable 
inter- 
connect array so that they may be accessed 
by macrocells in other LABs as well as the 
macrocells in the LAB in which they are si- 
tuated. 
Externally, the CY7C341 provides 8 dedi- 
cated inputs, one of which may be used as 
a system clock. There are 64 I/O pins that 
may be individually configured for input, 
output, or bidirectional data flow. 
Programmable 
Interconnect 
Array 


The 
Programmable 
Interconnect 
Array 


(PIA) solves interconnect 
limitations 
by 
routing only the signals needed by each 
logic array block. The inpu ts to the PIA 
are the outputs of every macrocell within 
the device and the I/O pin feedback of ev- 
ery pin on the device. 


Unlike masked or programmable 
gate ar- 
rays, which induce variable delay depen- 
dent on routing, the PIA has a fixed delay. 
This eliminates 
undesired 
skews among 
logic signals, which may cause glitches in 
internal or external logic. The fixed delay, 
regardless of programmable 
interconnect 
array configuration, 
simplifies design by 


assuring that internal signal skews or races 
are avoided. 
The result is ease of design 
implementation, 
often 
in a single pass, 


without the multiple internal logic place- 
ment and routing iterations required for a 
programmable gate array to achieve design 
timing objectives. 
Timing 
Delays 


Timing delays within the CY7C341 may be 
easily determined 
using MAX + PLUS® 


192-Macrocell 
MAXG> 
EPLD 


software 
or 
by 
the 
model 
shown 
In 
Figure 1. The CY7C341 has fixed internll 
delays, allowing the user to determine the 
worst case timing delays for any desig', 
For 
complete 
timing 
information, 
the 


MAX + PLUS software provides a timing 
simulator. 
Design Recommendations 


For proper 
operation, 
input and output 


pins must be constrained 
to the range 


GND..$..(VINorVOUT)..$.. Vcc. Unused in- 
puts must always be tied to an appropria"e 
logic level (either Vcc or GND). Each s<:t 
of Vcc and GND pins must be connected 
together directly at the device. Power sup- 
ply decoupling capacitors of at least 0.211F 
must 
be 
connected 
between 
Vcc ard 


GND. For the most effective decoupling, 
each Vcc pin should be separately 
de- 
coupled to GND, directly at the device. 
Decoupling 
capacitors should have good 
frequency response, such as monolithic 0:- 
ram ic types. 
Design Security 


The CY7C341 contains a programmable 
design security feature that controls the 
access to the data programmed 
into the 


device. 
If this programmable 
feature is 


used, a proprietary design implemented 
n 
the device cannot be copied or retrieved. 
This enables a high level of design control 
to be obtained 
since programmed 
data 
within EPROM 
cells is invisible. The tit 


that controls this function, along with all 
other program data, may be reset simply 
by erasing the device. 


The CY7C341 is fully functionally tested 
and guaranteed 
through complete testing 
of each programmable 
EPROM bit and "II 


internal 
logic 
elements 
thus 
ensuring 


100% programming 
yield. 


The erasable 
nature of these devices al- 
lows test programs to be used and erased 
during early stages of the production flow. 
The devices also contain on-board 
logic 


test circuitry to allow verification of func- 
tion and AC specification once encapsu- 
lated in non-windowed packages. 


7C341-30 
7C341-35 
7C341-40 


Maximum Access Time (ns) 
30 
35 
40 


Maximum 0l)rating 
Commercial 
310 
310 
40 
Current (mA 
Military 
320 
320 


Maximum Standby 
Commercial 
200 
200 


Current (mA) 
Military 
240 
240 
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144 


22 
IG3) 
64 
IF11) 


23 
IG1) 
65 
IE11) 


25 
(F1) 
67 
(E9) 


26 
(H1) 
68 
(D11) 


MACROCELL 
53 - 64 
MACROCELL 
149 - 
'60 


27 
(H2) 
69 
ID10) 


28 
(J1) 
70 
(C11) 


29 
(K1) 
71 
(B11) 


30 
(J2) 
72 
(C'O) 


MACROCELL 
69 - 80 
MACROCELL 
165 - 
176 


LABF 


31 
(L1) 
MACROCELl81 
73 
IA11) 


32 
(K2) 
MACAOCELl 
82 
74 
(B1o) 


33 
(K3) 
MA 
R 
83 
75 
(89) 


34 
(L2) 
76 
(A10) 


35 
1l3) 
77 
(AQ) 


36 
(K4) 
78 
(B8) 


37 
IL4) 
79 
lAB) 
38 
(J5) 
80 
186) 


MACROCELL 
89 - 96 
MACROCELL 
185 - 192 
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Vcc 
( ) • PERTAIN 
TO 64·PIN 
PGA PACKAGE 


18.19,39,40,60,61.81.82 
(E1. E2. KS, L5, G1o. G11. A7. B7) e>- 
GND 
C341-1 


4-155 


INPUT 
DELAY 


~N 
410 
leoMB 
ItATCH 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
DC Program Voltage 
-2.0V to + 13.5V 


Ambient Temperature 
with 
Power Applied 
O°C to +70°C 
Operating Range 


Maximum Junction Temperature 
(Under Bias) 
150°C 
Supply Voltage to Ground Potential . . . . . . .. - 2.0V to + 7.0V 
Maximum Power Dissipation 
2500 mW 


DC Vcc or GND Current 
500 mA 
DC Output Current, per Pin 
-25 mA to + 25 mA 
DC Input Voltagelll 
-2.0V to + 7.0V 


Electrical Characteristics 
Over the Operating Rangel21 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 5% 


Industrial 
- 40°C to + 85°C 
5V ± 10% 


Military 
- 55°C to + 125°C (Case) 
5V ± 10% 


7C34 1 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., IOH = - 4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min.,IoL = 8 mA 
0.45 
V 


VlH 
Input HIGH Level 
2.2 
Vcc+O.3 
V 


VIL 
Input LOW Level 
- 0.3 
0.8 
V 


IlJ{ 
Input Current 
GND < V1N < Vcc 
-10 
+10 
iJA 


Ioz 
Output Leakage Current 
Vo = Vcc or GND 
-40 
+40 
iJA 


Ios 
Output Short 
Vcc = Max., VOUT= GND 
- 30 
-90 
mA 
Circuit Current 


Icc! 
Power Supply 
VI = Vcc or GND 
Com'l 
200 
mA 
Current (Standby) 
(No Load) 
Mil 
240 
mA 


IcC2 
Power Supply 
VI = VccorGND 
(No Load) 
Com'l 
310 
mA 
Current[3 
f = 1.0 MHz[3J 
Mil 
320 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz 
10 
pF 


CoUT 
Output Capacitance 
Vcc = 5.0V 
10 
pF 


Notes: 
1. 
MinimumDC input is-O.3Y. During transitions,the inputs mayun- 
dershoot to -2.0V for periods lessthan 20 ns. 
2. 
"lYpicalvalues are for TA = 2SoC and Vcc = SY. 
3. 
This parameter is measured with device programmed as a 16-bit 
counter ineach !.ABand istestedperiodicaUybysamplingproduction 
material. 


4. 
Part (a) inAC1l:st Load and Waveformsisusedfor aUparameters ex- 
cept tERand txz, whichisusedfor part (b) inACTestLoadand Wave- 
forms. All external timing parameters 
are measured 
referenced 
to ex- 
ternal pins of the device. 


oUTP:r:Jl 


Rl464n 


SOpFI 
~~n 


INCLUD<NG 


JIG AND 
_ 
_ 


SCOPE 
- 
- 


(a) 
(b) 
C34,-3 


THEVENIN EQUIVALENT (commercial/military) 
163fi 


OUTP:rT!R'464 
n 


5pF I 
R22son 


-= 


• 


7C341-30 
7C341-35 
7C34 1-40 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tPDI 
Dedicated Input to Combinatorial 
Com'l 
30 
35 
ns 


Output Delay!5] 
Mil 
35 
4D 


tPD2 
110 Input to Combinatorial 
Com'l 
45 
55 
ns 


Output Delay(6) 
Mil 
55 
65 


tPD3 
Dedicated Input to Combinatorial 
Com'l 
44 
55 
ns 


Output Delay with Expander DelayP] 
Mil 
55 
65 


tPD4 
110 Input to Combinatorial 
Com'l 
60 
75 
ns 
Output Delay with Expander Delay!'] 
Mil 
75 
90 


tEA 
Input to Output Enable Delay!5] 
Com', 
30 
35 
ns 


Mil 
35 
4D 


tER 
Input to Output Disable Delay!5] 
Com'l 
30 
35 
ns 


Mil 
35 
4D 


leO! 
Synchronous Clock Input to 
Com'l 
16 
20 
ns 


Output Delay 
Mil 
20 
23 


le02 
Synchronous Clock to Local Feedback 
Com'l 
35 
42 
ns 


to Combinatorial 
OUtput(9) 
Mil 
42 
50 


tS! 
Dedicated Input or Feedback Set-u~ 
Com'l 
22 
25 
ns 
Time to Synchronous Clock Output 5,10] 
Mil 
25 
28 


tS2 
110 Input Set-up Time to 
Com'l 
39 
45 
ns 


Synchronous Clock Input!6] 
Mil 
45 
52 


tH 
Input Hold Time from Synchronous 
Com'l 
0 
0 
ns 


Clock Input!5] 


Mil 
0 
0 


tWH 
Synchronous Clock Input High Time 
Com', 
10 
12.5 
ns 


Mil 
12.5 
15 


tWL 
Synchronous Clock Input Low Time 
Com'l 
10 
12.5 
ns 


Mil 
12.5 
15 


tRW 
Asynchronous 
Clear Width!5] 
Com'l 
30 
35 
ns 


Mil 
35 
4D 


tRR 
Asynchronous 
Clear Recovery(5) 
Com'l 
30 
35 
ns 


Mil 
35 
4D 


tRQ 
Asynchronous 
Clear to Registered 
Com'l 
30 
35 
ns 


Output Delay(5) 
Mil 
35 
4D 


tpw 
Asynchronous 
Preset Width(5) 
Com'l 
30 
35 
ns 


Mil 
35 
4D 


tpR 
Asynchronous 
Preset Recovery Time(5) 
Com" 
30 
35 
ns 


Mil 
35 
4D 


7C341-30 
7C341-35 
7C341-40 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tpo 
Asynchronous 
Preset 
to Registered 
Com'l 
30 
35 
ns 


Output 
DelaylS! 
Mil 
35 
40 


teF 
Synchronous 
Clock 
to Local 
Com'l 
3 
6 
ns 


Feedback 
Inputllll 


Mil 
6 
9 


tp 
External 
Synchronous 
Clock 
Period 
Com'l 
38 
45 
ns 


(teOl + ts1) 
Mil 
45 
51 


fMAX1 
External 
Feedback 
Maximum 
Frequency 
Com'l 
26.3 
22.2 
MHz 


(lI(teOl 
+ tsl»I'21 
Mil 
22.2 
19.6 


fMAX2 
Internal 
Local Feedback 
Maximum 
Frequency, 
Com'l 
40.0 
32.2 
MHz 


lesser of (1I(t51 + teF» or (lIteOl)l131 
Mil 
32.2 
28.5 


fMAlO 
Data 
Path 
Maximum 
Frequency, 
least of 
Com'l 
45.4 
40.0 
MHz 


lI(tWL + tWH), lI(tsl + t,,), or (lIteOl)l14] 
Mil 
40.0 
33.3 


fMAX4 
Maximum 
Re~ister 
Toggle 
Frequency 
Com'l 
50.0 
40.0 
MHz 


(lI(tWL + tWH )l1S1 


Mil 
40.0 
33.3 


10" 
Output 
Data 
Stable 
Time 
from Synchro- 
Com'l 
3 
3 
ns 


nous 
Clock 
Input[16] 
Mil 
3 
3 


Noles: 
5. 
This specification 
is a measure of the delay from input signal applied 


to a dedicated 
input (68-pin PLCC input pin I, 2, 32, 34, 35, 66, or 


68) to combinatorial 
output 
on any output 
pin. 
This delay assumes 
no expander terms are used to form the logic function. 
When this note is applied to any parameter 
specification 
it indicates 
that the signal (data, asynchronous 
clock, asynchronous 
clear, and/or 


asynchronous 
preset) is applied to a dedicated 
input only and no signal 


path (either clock or data) employs expander 
logic. 
If an input signal is applied to an 110 pin an additional 
delay equal to 
tpIA should be added to the comparable 
delay for a dedicated 
input. 


If expanders 
are used, add the maximum expander 
delay tEXP to the 
overall delay for the comparable 
delay without expanders. 


6. 
This specification 
is a measure of the delay from input signal applied 


to an 110 macrocell pin to any output. 
This delay assumes no expander 
terms are used to form the logic function. 


7. 
This specification 
is a measure 
of the delay from an input signal 


applied to a dedicated 
input (68-pin PLCC input pin 1,2,32,34,35, 
36,66, 
or 68) to combinatorial 
output 
on any output pin. This delay 
assumesexpander terms are used to form the logic functions and in- 
cludes the worst-ease 
expander 
logic delay for one pass through 
the 


expander 
logic. 


8. 
This specification 
is a measure 
of the delay from an input signal 


applied to an 110 macrocell pin to any output. 
This delay assumes ex- 


pander terms are used to form the logic function and includes the 
worst-case 
expander 
logic delay for one pass through 
the expander 


logic .. This parameter 
is tested periodically 
by sampling production 


malenal. 


9. 
This specification 
is a measure of the delay from synchronous 
register 


clock to internal 
feedback 
of the register output 
signal to the input 


of the LAB logic array and then to a combinatorial 
output. 
This delay 
assumes no expanders are used, register is synchronously clocked and 
all feedback is within the same LAB. This parameter 
is tested periodi- 


cally by sampling production 
material. 


10. If data is applied to an 110 input for capture 
by a macrocell 
register, 


the I/O pin set-up time minimums should be observed. These para me- 
tces are IS2 for synchronous operation 
and tAS2 for asynchronous oper- 


ation. 


11. This specification 
isa measure of the delay associated with the internol 
register feedback 
path. 
This is the delay from synchronous 
clock to 


LAB logic array input. 
This delay plus the register set-up time, tS!, 


is the minimum internal period for an internal synchronous state ma- 
chine configuration. 
This delay is for feedback within the same 1A13. 


This parameter 
is tested periodically by sampling production 
moterio!. 


12. This specification indicates the guaranteed maximum frequency, in 


synchronous mode, at which a state machine configuration with ex1er- 
nal feedback can operate. 
It is assumed that all data inputs and feed- 


back signals are applied to dedicated 
inputs. All feedback 
is assumed 


to be local originating 
within the same LAB. 


13. This specification 
indicates the guaranteed maximum frequency at 


which a state machine, with internal-only 
feedback, 
can operate. 
If 


register output states must also control external points, this frequency 
can still be observed as long as this frequency 
is less than IIteQl. 


14. This frequency 
indicates the maximum frequency at which the device 


may operate 
in data path mode (dedicated 
input pin to output 
pin). 


This assumes data input signals are applied to dedicated 
input pins and 


no expander 
logic is used. If any of the data inputs are I/O pins, tS2 


is the appropriate t5 for calculation. 


15. This specification 
indicates 
the guaranteed 
maximum 
frequency, 
in 
synchronous 
mode, at which an individual output 
or buried register 
can be cycle by a clock signal applied to the dedicated 
clock input pin. 


16. This parameter indicates the minimum time after a synchronous regis- 


ter clock input that the previous register output data is maintained on 
the output 
pin. 


7C341-30 
7C341-35 
7C341-40 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tACO! 
Dedicated 
Clock 
Input 
to 
Com'l 
30 
35 
ns 
Output 
Delayl5] 
Mil 
35 
45 


tAC02 
Asynchronous 
Clock 
Input 
to Local 
Com'l 
4Q 
55 
ns 


Feedback 
to Combinatorial 
Output 
[!71 
Mil 
55 
64 


tAS! 
Dedicated 
Input 
or 
Feedback 
Set-up 
Com'l 
10 
10 
ns 


TIme 
to Asynchronous 
Clock 
Inputl5] 
Mil 
10 
10 


tAS2 
I/O 
Input 
Set-Up 
Time 
to 
Com'l 
27 
30 
ns 


Asynchronous 
Clock 
Input'5] 
Mil 
30 
33 


tAH 
Input 
Hold 
Time 
from 
Asynchronous 
Com'l 
15 
15 
ns 


Clock 
Inputl5] 
Mil 
15 
15 


tAwH 
Asynchronous 
Clock 
Input 
High Time[5] 
Com'l 
25 
30 
ns 


Mil 
30 
35 


tAWL 
Asynchronous 
Clock 
Input 
Low Time[5] 
Com'l 
25 
30 
ns 


Mil 
30 
35 


tACF 
Aynchronous 
Clock 
to Local 
Com'l 
18 
22 
ns 
Feedback 
Inpu t[I8J 
Mil 
22 
26 


tAP 
External 
Asynchronous 
Clock 
Period 
Com'l 
50 
60 
ns 


(tACOI + tAS!) or (tAWlI + tAWL) 
Mil 
60 
70 


fMAXA! 
External 
Feedback 
Maximum 
Frequen- 
Com'l 
20 
16.6 
MHz 


cy in Asynchronous 
Mode[19] 
Mil 
16.6 
14.2 


fMAXAl 
Maximum 
Internal 
Asynchronous 
Fre- 
Com'l 
20 
16.6 
MHz 


quency[20] 
Mil 
16.6 
14.2 


fMAXAJ 
Data 
Path 
Maximum 
Frequncy 
in 
Com'l 
20 
16.6 
MHz 


A~ynchronous 
Mode[2!J 
Mil 
16.6 
14.2 


fMAXA4 
Maximum 
Asynchronous 
Register 
Com'l 
20 
16.6 
MHz 


Toggle 
Frequency 
lI(tAwH + tAwL)I221 
Mil 
16.6 
14.2 


tAOH 
Output 
Data 
Stable 
Time 
from 
Com'l 
15 
15 
ns 


Asynchronous 
Clock 
Inputl23] 
Mil 
15 
15 


Notes: 
17. This specificalion 
is a measure of the delay from an asynchronous 
reg- 
ister clock input to internal feedback 
of the register oUlput signal to 
Ihe input of Ihe LAB logic array and then 10 a combinatorial 
outpu!. 


This delay assumes no expanders are used in the logic of combinatorial 
oUlput or Ihe asynchronous 
clock inpu!. 
The clock signal is applied 
to the dedicated 
clock input pin and all feedback 
is within a single 
LAB. 
This parameter 
is tested periodically 
by sampling production 
material. 


18. 
This specification 
is a measure 
of the delay 
associated 
with the internal 
register feedback path for an asynchronous 
clock to LAB Jogic array 
inpu!. This delay plus the asynchronous 
register set-up time, tASI. is 
the minimum 
internal 
period 
for an internal 
asynchronously 
clocked 
state 
machine 
configuration. 
This 
delay 
is for feedback 
within 
the 
same lAB, and assumesno expander logic in the clock path and the 
clock input signal is applied to a dedicated 
input pin. This parameter 
is tested periodically 
by sampling production 
material. 


19. 
This 
specification 
indicates 
the 
guaranteed 
maximum 
frequency 
at 
which 
an asynchronously 
clocked state 
machine 
configuration 
with ex- 
ternal feedback 
can operate. 
It is assumcd thaI all data inputs, clock 
inputs, and feedback signals are applicd to dedicated 
inputs, and that 
no expander 
logic is employed 
in the clock signal path or data path. 


20. 
This 
specification 
indicates 
the 
guaranteed 
maximum 
frequency 
at 
wbich an asynchronously 
clocked 
state 
machine 
with internal-only 


feedback 
can operate. 
This 
parameter 
is determined 
by the lesser 
of 


(l/tACF + tAs» or (1/(tAWH + tAWL». If register OUlput stales must 
also control external 
points, 
this frequency can still be observed 
as long 


as this frequency 
is less 
than 
I/tAcOl' 
21. 
lbis 
frequency 
is the maximum 
frequency 
at which 
the device 
may op- 
erate in the asynchronously 
clocked data palh mode. 
This specifica- 
tion is determined 
by the leas I of lI(tAWH + tAWe), lI(tAsl + !AB) 


or I/tAC01. 
It assumes 
data and dock 
input signals 
are applied 
to dedi· 
eated 
input 
pins and 
no expander 
logic 
is used. 


22. 
This 
specification 
indicates 
the 
guaranteed 
maximum 
frequency 
at 
which 
an individual 
output 
or buried 
register 
can be cycled 
in asynch- 


ronously clocked mode by a clock signal applied to an exlernal dedi- 
cated 
input 
pin. 


23. 
This 
parameter 
indicates 
the minimum 
time 
that the previous 
register 


output 
data is maintained 
on the output 
after an asynchronous 
register 


clock input applied to an external dedicated 
input pin. 


~ 
.,,'''~'' 
)================== 


I---- 
!ER[5) =1--------- 
COMBINATORIAL 
_ 
HIGH-IMPEDANCE 


REGISTERED OUTPUT 
3-STATE 


I---- 
!EAl5] :::;Ie 


HIGH IMP~S'i~~~ 
------------~ 
VALID OUTPUT 


DEDICATED INPUTI 


1/0 INPUT ------- 


COMBINATORIAL OUTPUT FROM 
!co2 
* 


REGISTERED FEEDBACK[9] -------------------- 
--------C341-e 


External Asynchronous 


DEDICATED INPUTI=:j< 
1/0 INPUT£5] 
• 


lAS1 


COMBINATORIAL OUTPUT FROM 
j I 


ASYNCH. REGISTERED FEEDBACK 
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7C341-30 
7C341-35 
7C341-40 
Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


t'N 
Dedicated Input Pad and 
Com'l 
7 
9 
ns 


Buffer Delay 
Mil 
9 
11 


t,O 
I/O Input Pad and 
Com'l 
6 
9 
ns 


Buffer Delay 
Mil 
9 
12 


tEXP 
Expander Array Delay 
Com'l 
14 
20 
ns 


Mil 
20 
25 


tLAD 
Logic Array Data Delay 
Com'l 
14 
16 
ns 


Mil 
16 
18 
Logic Array Control Delay 
Com'l 
12 
13 
-- 
tLAC 
ns 


Mil 
13 
14 


100 
Output Buffer and Pad Delay 
Com'l 
5 
6 
ns 
Mil 
6 
7 


tzx 
Output Buffer Enable Delay!2'1 
Com'l 
11 
13 
ns 


Mil 
13 
15 


txz 
Output Buffer Disable Delay 
Com'l 
11 
13 
ns 


Mil 
13 
15 


tRSU 
Register Set-Up Time Relative to 
Com'l 
8 
10 
ns 


Clock Signal at Register 
Mil 
10 
12 


tRH 
Register Hold Time Relative to 
Com'l 
8 
10 
ns 


Clock Signal at Register 
Mil 
10 
12 


tLATCH 
Flow-Through 
Latch Delay 
Com'l 
4 
4 
ns 


Mil 
4 
4 
tRQ 
Register Delay 
Com'l 
2 
2 
ns 


Mil 
2 
2 
tCOMB 
Transparent 
Mode Delayl25] 
Com'l 
4 
4 
ns 


Mil 
4 
4 
teH 
Clock High Time 
Com'l 
10 
12.5 
ns 


Mil 
12.5 
15 
teL 
Clock Low Time 
Com'l 
10 
12.5 
ns 


Mil 
12.5 
15 
t,C 
Asynchronous 
Clock Logic Delay 
Com'] 
16 
18 
ns 


Mil 
18 
20 
t,CS 
Synchronous Clock Delay 
Com'l 
2 
3 
ns 


Mil 
3 
4 
tFD 
Feedback Delay 
Com'l 
1 
2 
ns 


Mil 
2 
3 
tPRE 
Asynchronous 
Register Preset Time 
Com'l 
6 
7 
ns 


Mil 
7 
8 
tCLR 
Asynchronous 
Register Clear Time 
Com'] 
6 
7 
ns 


Mil 
7 
8 
tPew 
Asynchronous 
Preset and 
Com'l 
6 
7 
ns 


Clear Pulse Width 
Mil 
7 
8 
tPeR 
Asynchronous 
Preset and 
Com'l 
6 
7 
ns 


Clear Recovery Time 
Mil 
7 
8 
tPIA 
Programmable 
Interconnect 
Com'l 
16 
20 
ns 


Array Delay Time 
Mil 
20 
24 
Notes: 
24. Sample tested only for an output 
change of 500 mY. 
25. ~is 
spe~ification guarantees.the maximum combinatorial delay asso- 
CIated wIth the macrocell 
regISter bypass when the macrocell is confi- 
gured for combinatorial 
operation. 
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Speed 
Package 
Operating 
(ns) 
Ordering 
Code 
lYpe 
Range 


30 
CY7C341-30HC 
Commercial 


CY7C341-30JC 


CY7C341-30RC 


CY7C341-30GC 


35 
CY7C341-35HC 
Commercial 


CY7C341-35JC 


CY7C341-35RC 


CY7C341-35GC 


CY7C341-35HMB 
Military 


CY7C341-35RMB 


40 
CY7C341-4OHC 
Commercial 


CY7C341-4OJC 


CY7C341-4ORC 


CY7C341-4OGC 


CY7C341-4OHMB 
Military 


CY7C341-4ORMB 


~_.,~ 


ofa ·CYPRESS 
? 
SEMICONDUCTOR 


Features 


• 
128 macrocells 
in 8 LABs 


• 
8 dedicated 
inputs, 
52 
bidirectional 
I/O 
pins 


• 
Programmable 
interconnect 


array 


• 
Available 
in 68-pin HLCC, 
PLCC, 
and PGA 


1 (B6) 
INPUT/eLK 
2 (1.6) 
INPUT 


32 (L4) 
INPUT 


34 (LS) 
INPUT 


, 
AS 


5 B'I 
" .. 
7 
B3 
B 
A3 
9 
A2 
'0 
B2 
11 
Bl 


12 !e2! 
13 
Cl 


14 
02 
15 
01 
17 
[1 


18i"l 


19 
F", 
21 
Gl 
22 
HZ 
23 
Hl 


Functional 
Description 


The CY7C342 is an Erasable Program- 
mable Logic Device (EPLD) 
in which 
CMOS EPROM 
cells are used to con- 
figure logic functions 
within the device. 


The MAX architecture 
is 100% user 


configurable, 
allowing the devices to 
accommodate 
a variety of independent 
logic functions. 


The 128 macrocells 
in the CY7C342 
are divided into 8 Logic Array Blocks 
(LABs), 
16 per LAB. There are 256 ex- 


pander product 
terms, 32 per LAB, to 
be used and shared by the macrocells 
within each LAB. Each LAB is inter- 
connected 
with a programmable 
inter- 


LAB' 


IolA 
lL 
1.4.1. ROCELL 
84 


MACROCELL 
83 


1.41. 
CELL 


t.4ACROCELL 
81 


128-Macrocell MAXTM 
EPLDs 


connect array, allowing all signals to be 
routed throughout 
the chip. 


The speed and density of the CY7C342 
allows it to be used in a wide range of 
applications, 
from replacement 
of large 


amounts 
of 7400 series TTL logic, to 


complex controllers 
and multi-function 
chips. With greater than 25 times the 
functionality 
of20-pin 
PLDs, the 
CY7C342 allows the replacement 
of 
• 


over 50 TTL devices. By replacing 
~ 


large amounts 
of logic, the CY7C342 


reduces board space, part count, and 
increases system reliability. 
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7C342-30 
7C342-35 
7C342·40 


Maximum Access Time (ns) 
30 
35 
40 


Maximum Operating 
Commercial 
310 
310 


Current (mA) 
Military 
320 
320 


Industrial 
320 
320 
320 


Maximum Standby 
Commercial 
200 
200 
Current (mA) 
Military 
240 
240 


Industrial 
240 
240 
240 
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Logic Array Blocks 


There are eight logic array blocks in the CY7C342. 
Each 


LAB consists of a macrocell array containing 
16 macro- 


cells, an expander 
product 
term array containing 
32 expan- 


ders, and an I/O block. The LAB is fed by the programma- 
ble interconnect 
array and the dedicated 
input bus. All 


macrocell 
feedbacks go to the macrocell array, the expan- 


der array, and the programmable 
interconnect 
array. Ex- 


panders feed themselves 
and the macrocell array. All I/O 


feedbacks go to the programmable 
interconnect 
array so 


that they may be accessed by macrocells 
in other LABs ai 


well as the macrocells 
in the LAB in which they are situat- 
ed. 


Externally, 
the CY7C342 provides eight dedicated 
inputs, 


one of which may be used as a system clock. There are 52 
I/O pins which may be individually 
configured 
for input, 
output, or bidirectional 
data flow. 
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REGISTER 


tCLR 
OUTPUT 


tpRE 
DELAY 


tRO 
too 
OUTPUT 
txz 


tRSU 
teO"S 
tzx 
tLATCH 


tOH 


Programmable Interconnect Array 


The Programmable 
Interconnect 
Array (PIA) solves inter- 


connect limitations 
by routing only the signals needed by 


each logic array block. The inputs to the PIA are the out- 
puts of every macrocell 
within the device and the I/O pin 


feedback of every pin on the device. 


Unlike masked or programmable 
gate arrays, which induce 


variable delay dependent 
on routing, the PIA has a fixed 


delay. This eliminates 
undesired 
skews among logic signals, 


which may cause glitches in internal or external logic. The 
fixed delay, regardless 
of programmable 
interconnect 
array 


configuration, 
simplifies design by assuring that internal 


signal skews or races are avoided. The result is ease of 
design implementation, 
often in a single pass, without the 
multiple internal 
logic placement 
and routing iterations 
re- 


quired for a programmable 
gate array to achieve design 


timing objectives. 


Timing Delays 


Timing delays within the CY7C342 may be easily deter- 
mined using MAX + PLUSTM software or by the model 
shown in Figure 3. The CY7C342 
has fixed internal delays, 
allowing the user to determine 
the worst case timing delays 


for any design. For complete timing information 
the 
MAX + PLUS software provides a timing simulator. 


Design Recommendations 


Operation 
of the devices described herein with conditions 


above those listed under "Absolute 
Maximum 
Ratings" 


may cause permanent 
damage to the device. This is a stress 


rating only and functional 
operation 
of the device at these 


or any other conditions 
above those indicated 
in the opera- 
tional sections of this data sheet is not implied. Exposure 
to 


absolute maximum 
ratings conditions 
for extended periods 


of time may affect device reliability. The CY7C342 con- 
tains circuitry 
to protect device pins from high static volt- 


ages or electric fields; however, it is advised that normal 
precautions 
be taken to avoid application 
of any voltage 


higher than maximum 
rated voltages. 


For proper operation, 
input and output 
pins must be con- 
strained 
to the range GND 
,,; (VIN or VOUT) ,,; Vcc. 


Unused inputs must always be tied to an appropriate 
logic 


level (either Vcc or GND). 
Each set ofVCC and GND 
pins must be connected 
together directly at the device. 


Power supply decoupling 
capacitors 
of at least 0.2 ",F must 
be connected 
between Vcc and GND. 
For the most effec- 
tive decoupling, 
each Vcc pin should be separately 
decou- 
pled to GND, 
directly at the device. Decoupling 
capacitors 


should have good frequency 
response, such as monolithic 
ceramic types. 
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Design Security 


The CY7C342 contains a programmable 
design security 
feature that controls the access to the data programmed 
into the device. If this programmable 
feature is used, a 


propriety 
design implemented 
in the device cannot be cop- 
ied or retrieved. 
This enables a high level of design control 
to be obtained 
since programmed 
data within EPROM 


cells is invisible. The bit that controls this function, 
along 


with all other program 
data, may be reset simply by erasing 


the device. 
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The CY7C342 is fully functionally 
tested and guaranteed 


through 
complete testing of each programmable 
EPROM 


bit and all internal logic elements thus ensuring 
100% pro- 


gramming 
yield. 


The erasable nature of these devices allows test programs 
to be used and erased during early stages of the production 
flow. The devices also contain on-board 
logic test circuitry 


to allow verification 
offunction 
and AC specification 
once 


encapsulated 
in non-windowed 
packages. 


Timing Considerations 


Unless otherwise stated, propagation 
delays do not include 


expanders. 
When using expanders 
add the maximum 
ex- 
pander delay tEXP to the overall delay. Similarly, there is 
an additional 
tPIA delay for an input from an I/O pin when 


compared 
to a signal from a straight 
input pin. 


When calculating 
synchronous 
frequencies, 
use tSI if all 
inputs are on dedicated 
input pins. The parameter 
tS2 


should be used if data is applied at an I/O pin. If tS2 is 
greater than tCOI' l!ts2 becomes the limiting frequency 
in the data path mode unless I/(twH 
+ tWL) is less than 


I/ts2· 


When expander 
logic is used in the data path, add the 


appropriate 
maximum 
expander 
delay, tEXP to ts1. Deter· 
mine which of l!(twH 
+ twd, 
l!tcOI' 
or l!(tEXP + ts1) 


is the lowest frequency. 
The lowest of these frequencies 
is 


the maximum 
data path frequency for the synchronous 


configuration. 


When calculating 
external asynchronous 
frequencies, 
use 


tASl if all inputs are on the dedicated 
input pins. If any 


data is applied to an 110 pin, tASz must be used as the 
required set up time. If (tAS2 + tAH) is greater than 
tACOI' l!(tASZ + tAH) becomes the limiting frequency 
in 


the data path mode unless l!(tA WH + tAwd 
is less than 


l!(tASZ + tAH)· 


When expander 
logic is used in the data path, add the 


appropriate 
maximum 
expander 
delay, tEXP to tAS1' De- 
termine which of l!(tAwH 
+ tAWL), I/tACOI' 
or 


l!(tEXP + tASI) is the lowest frequency. 
The lowest of 


these frequencies 
is the maximum 
data path frequency 
for 


the asynchronous 
configuration. 


The parameter 
tOH indicates the system compatibility 
of 


this device when driving other synchronous 
logic with posi- 
tive input hold times, which is controlled 
by the same syn· 
chronous 
clock. If tOH is greater than the minimum 
re- 
quired input hold time of the subsequent 
synchronous 
log- 
ic, then the devices are guaranteed 
to function 
properly 


with a common synchronous 
clock under worst-case envi .. 


ronmental 
and supply voltage conditions. 


The parameter 
tAOH indicates the system compatibility 
of 


this device when driving subsequent 
registered 
logic with a 


positive hold time and using the same clock as the 
CY7C342. 


In general, iftAOH is greater than the minimum 
required 


input hold time of the subsequent 
logic (synchronous 
or 
asynchronous) 
then the devices are guaranteed 
to function 


properly under worst-case environmental 
and supply volt .. 


age conditions, 
provided the clock signal source is the 


same. This also applies if expander 
logic is used in the 
clock signal path of the driving device, but not for the 
driven device. This is due to the expander 
logic in the sec- 
ond device's clock signal path adding an additional 
delay 


(tEXP) causing the output data from the preceding 
device 


to change prior to the arrival of the clock signal at the 
following device's register. 
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Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, 
not tested.) 
Storage Temperature 
-65'C 
to + 150'C 
DC Program 
Voltage 
-2.0V 
to + 13.5V 


Ambient 
Temperature 
with 
'O'C 
Operating 
Range 
Power Applied 
. 
0 C to + 7 


Maximum 
Junction 
Temperature 


(Under Bias) 
150'C 


Supply Voltage to Ground 
Potential 
-2.0V 
to + 7.0V 


Maximum 
Power Dissipation 
2500 mW 


DC VCC or GND Current 
500 mA 


DC Output 
Current, 
per Pin 
- 25 mA to + 25 mA 
DC Input Voltagel!l 
-2.0V 
to + 7.0V 


Electrical 
Characteristics 
Over the Operating 
Range[2) 


Range 
Ambient 
Vcc 
Temperature 


Commercial 
O'Cto 
+70'C 
5V ±5'10 


Industrial 
-40'C 
to + 85'C 
5V ± 10% 


Military 
- 55'C to + l25'C (Case) 
5V ± 10% 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., IOH = -4.0 
mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min., IOL = 8 mA 
0.45 
V 


VIH 
Input HIGH Level 
2.2 
VCC+0.3 
V 


VlL 
Input LOW Level 
-0.3 
0.8 
V 


IIX 
Input Current 
GND s VIN s Vcc 
-10 
+10 
/LA 


Ioz 
Output Leakage Current 
Vo = VccorGND 
-40 
+40 
/LA 


Ios 
Output Short 
Vcc = Max., VOUT = 0.5V[3,4) 
-30 
-90 
mA 
Circuit Current 


Icc! 
Power Supply 
VI = Vcc or GND (No Load) 
Commercial 
200 
mA 
Current (Standby) 
Military/Industrial 
240 
mA 


ICC2 
Power Supply 
VI = Vcc or GND (No Load) 
Commercial 
310 
mA 
Currentlsl 
f = 1.0MHz[4] 
Military/Industrial 
320 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
VIN = 2V, f = 1.0 MHz 
10 
pF 


COUT 
Output Capacitance 
VOUT = 2.0V, f = 1.0 MHz 
10 


Notes: 
1. Minimum DC input is -O.3V. During transitions, the inputs may 
undershoot to - 2.QVfor periods less than 20 os. 
2. Typical\alues are forTA ~ 2S'Cand Vcc = SV. 
3. Not more than one output should be tested at a time. Duration of the 


short 
circuit 
should 
not be more 
than 
one second. 
VOUT = O.SV has 


been chosen 
lO avoid 
test problems 
caused 
by tester 
ground 
degrada- 


tion. 


AC Test Loads and Waveforms [6] 


R1 464i'l 
SV=Ej 
SV 
OUTPUT 
OUTPUT 


50 pF 
~;o.n 
I 
INCLUDING 


- 
JIG AND 
- 


SCOPE 


Rl 
464Il 


~R2 


SpF± 
l~son 


THE-VENINEQUIVALENT(Commercial/Military) 


163!l. 


OUTPUT 
o-----'V\I'Ir-- 
1.75V 


4. Guaranteed but not )00% tested. 
5. This parameter is measured with device programmed as a 16·bit coun- 
ter in each LAB. 


6. Figure 10 in AC Test Load and Waveforms is used for all parameters 


except tER and txz, which is used for Figure lb in AC Test Load and 
Waveforms. All external timing parameters are measured referenced 
to external 
pins of the device. 
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External 
Synchronous 
Switching Characteristics[61 
Over Operating 
Range 


Parameters 
Description 
CY7C342-30 
CY7C342-35 
CY7C342-4O 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Dedicated Input to Combinatorial 
Com'lIlnd 
30 
35 


tPDt 
Output Delay [7] 
ns 


Mil 
35 
40 


I/O Input to Combinatorial 
Com'lIlnd 
45 
55 


tPD2 
Output Delay[S] 
ns 


Mil 
55 
65 


Dedicated Input to Combinatorial 
Com'l/lnd 
44 
55 
tPD) 
Output Delay with Expander Delay[9] 
ns 


Mil 
55 
65 


110 Input to Combinatorial 
Com'l/lnd 
60 
75 
tPD4 
Output Delay with Expander Delay[4, 10] 
ns 


Mil 
75 
90 


Input to Output Enable Delay[4, 7] 
Com'lIlnd 
30 
35 
tEA 
ns 


Mil 
35 
40 


Input to Output Disable Delay[4. 7] 
Com'lIInd 
30 
35 
tER 
ns 


Mil 
35 
40 


Synchronous Clock Input to 
Com'lIInd 
16 
20 
tCOt 
Output Delay 
ns 


Mil 
20 
23 


Synchronous Clock to Local 
Com'l/Ind 
35 
42 
tC02 
Feedback to Combinatorial Output [4, It] 
ns 


Mil 
42 
50 


tSt 
Dedicated Input or Feedback Setup Time 
Com'l/Ind 
22 
25 
to Synchronous Clock Input[7, t2J 
ns 


Mil 
25 
28 


tS2 
110 Input Setup Time to Synchronous 
Com'lIInd 
39 
45 
Clock Input [7] 
ns 


Mil 
45 
52 


tH 
Input Hold Time from Synchronous 
Com'lIInd 
0 
0 
Clock Input[7] 
ns 


Mil 
0 
0 


tWH 
Synchronous Clock Input High Time 
Com'llInd 
10 
12.5 
ns 


Mil 
12.5 
15 


tWL 
Synchronous Clock Input Low Time 
Com'l/Ind 
10 
12.5 
ns 


Mil 
12.5 
15 


tRW 
Asynchronous Clear Width[4, 7] 
Com'lIInd 
30 
35 
ns 


Mil 
35 
40 


tRR 
Asynchronous Clear Recovery Time[4, 7] 
Com'lIInd 
30 
35 
ns 


Mil 
35 
40 


tRO 
Asynchronous Clear to Registered 
Com'lIInd 
30 
35 


Output Delay[7] 
ns 


Mil 
35 
40 


tpw 
Asynchronous Preset Width[4, 7] 
Com'lIlnd 
30 
35 
ns 


Mil 
35 
40 


tPR 
Asynchronous Preset Recovery Timel4. 7] 
Com'lIlnd 
30 
35 
ns 


Mil 
35 
40 


tpo 
Asynchronous Preset to Registered 
Com'lIlnd 
30 
35 


Output Delay[7] 
ns 


Mil 
35 
40 


tCF 
Synchronous Clock to Local 
Com'lIlnd 
3 
6 
Feedback Inputl4. 13] 
ns 


Mil 
6 
9 


tp 
External Synchronous Clock Period 
Com'lIlnd 
38 
45 


(teol 
+ tsl)(4] 
ns 


Mil 
45 
51 
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External 
Synchronous 
Switching Characteristics[6l 
Over 
Operating 
Range 
(Continued) 


Parameters 
Description 
CY7C342·30 
CY7C342·35 
CY7C342·40 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


fMAXI 
External 
Feedback 
Maximum 
Frequency 
Com'l/Ind 
26.3 
22.2 
MHz 
(I/(tcol 
+ tsl»[4, 
14] 
Mil 
22.2 
19.6 


fMAX2 


Internal 
Local 
Feedback 
Maximum 
Frequency, 
Com'l/Ind 
40.0 
32.2 
MHz 
lesser of I/(tsl 
+ tCF) or (IItCOI)[4, 
15) 
Mil 
32.2 
28.5 


Data 
Path 
Maximum 
Frequency, 
least of 
Com'l/Ind 
45.4 
40.0 


fMAX3 
(l/(twL 
+ tWH», 
(I/(tsl 
+ tH» 
or 
Mil 
40.0 
33.3 
MHz 


(IItCOI)[4, 
16J 


fMAX4 
Maximum 
Register 
TOrgle 
Frequency 
Com'l/Ind 
50.0 
40.0 
MHz 
(lI(twL 
+ tWH»[4, 
17 
Mil 
40.0 
33.3 


tOH 
Output 
Data 
Stable 
Time 
from 
Com'l/Ind 
3 
3 


Synchronous 
Clock 
Inpu(l4, 
IS] 
ns 


Mil 
3 
3 
Notes: 
7. This specification is a measure of the delay from input signal applied 


to a dedicated input, (6S-pin PLCC input pin 1,2,32,34,35,66, 
or 


68) to combinatorial 
output on any output pin. This delay assumes 


no expander terms are used to form the logic function. 
When this note is applied to any parameter specification it indicates 
that the signal (data, asynchronous clock, asynchronous clear, 
and/or 
asynchronous preset) is applied to a dedicated input only and 


no signal path (either clock or data) employs expander logic. 
If an input signal is applied to an 110 pin an additional delay equal 
to tPIA should be added to the comparable delay for a dedicated 
input. If expanders arc used add the maximum expander delay tEXP 
to the overall delay for the comparable delay without expanders. 
8. This specification is a measure of the delay from input signal applied 


to an I/O macrocell pin to any output. This delay assumes no expan~ 
der terms are used to form the logic function. 


9. This specification is a measure of the delay from an input signal 


applied to a dedicated input, (6S-pin PLCC input pin 1,2,32,34,35, 
36, 66, or 68) to combinatorial output on any output pin. This delay 
assumes expander terms are used to form the logic function and 
includes the worst~case expander logic delay for one pass through the 
expander logic. 


10. This specification is a measure of the delay from an input signal 


applied to an I/O macrocell pin to any output. This delay assumes 
expander terms are used to form the logic function and includes the 
worst case expander logic delay for one pass through the expander 
logic. This parameter is tested periodically by sampling production 
material. 


11. This specification is a measure of the delay from synchronous regis~ 


ter clock to internal feedback of the register output signal to the 
input of the LAB logic array and then to a combinatorial output. 
This delay assumes no expanders are used, register is synchronously 
clocked and all feedback is within the same LAB. This parameter is 
tested periodically by sampling production material. 


12. If data is applied to an I/O input for capture by a macrocell register, 


the I/O pin input set~up time minimums should be observed. These 
parameters ~re t52 for synchronous operation and tA52 for asynchro~ 
nous operation. 


13. This specification is a measure of the delay associated with the inter- 


nal register feedback path. This is the delay from synchronous clock 
to LAB logic array input. This delay plus the register set-up time, 
t51_is the minimum internal period for an internal synchronous state 
machine configuration. This delay is for feedback within the same 
LAB. This parameter is tested periodically by sampling production 
material. 


14. This specification indicates the guaranteed maximum frequency, in 


synchronous mode, at which a state machine configuration with ex- 
ternal feedback can operate. It is assumed that all data inputs and 
feedback signals are applied to dedicated inputs. All feedback is as~ 
sumed to be local originating within the same LAB. 


15. This specification indicates the guaranteed maximum frequency at 


which a state machine with internal only feedback can operate. If 
register output states must also control external points, this frequen- 
cy can still be observed as long as this frequency is less than l/tco!. 


16. This frequency indicates the maximum frequency at which the de- 


vice may operate in data path mode (dedicated input pin to output 
pin). This assumes data input signals are applied to dedicated input 
pins and no expander logic is used. If any of the data inputs are I/O 
pins, tS2is the appropriate ts for calculation. 


17. This specification indicates the guaranteed maximum frequency, in 


synchronous mode, at which an individual output or buried register 
can be cycled by a clock signal applied to the dedicated clock input 
pin. 


18. This parameter indicates the minimum time after a synchronous reg~ 


ister clock input that the previous register output data is maintained 
on the output pin. 
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External 
Asynchronous 
Switching Characteristics 
[6) Over Operating 
Range 


CY7C342·30 
CY7C342-35 
CY7C342·40 
Uni' 
Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Asynchronous Clock Input to 
Com'lIInd 
30 
35 
ns 
tACOI 
Output Delay!7J 
Mil 
35 
45 


Asynchronous Clock Input to Local 
Com'lIInd 
46 
55 
ns 
tAC02 
Feedback to Combinatorial Outputll9] 
Mil 
55 
64 


Dedicated Input or Feedback Setup Time to 
Com'lIInd 
10 
10 
ns 
tAS! 
Asynchronous Clock Inputl7] 
Mil 
10 
10 


110 Input Setup Time to Asynchronous 
Com'lIInd 
27 
30 
ns 
tAS2 
Clock Inputl71 
Mil 
30 
33 


Input Hold Time from Asynchronous 
Com'l/Ind 
IS 
IS 
ns 
tAH 
Clock Input!7J 
Mil 
IS 
IS 


Asynchronous Clock Input High Timel7J 
Com'llInd 
25 
30 
ns 
tAWH 


Mil 
30 
35 


Asynchronous Clock Input Low Time!7J 
Com'lIInd 
25 
30 
ns 
tAWL 


Mil 
30 
35 


Asynchronous Clock to Local 
Com'lIInd 
18 
22 
ns 
tACF 
Feedback Input!4, 20J 
Mil 
22 
26 


External Asynchronous Clock Period 
Com'lIInd 
SO 
60 
ns 
tAP 
(tACO! + tAS!)or (tAWH + tAWL)!4] 
Mil 
60 
70 


External Feedback Maximum Frequency in 
Com'lIInd 
20 
16.6 
MHz 
fMAXAt 
Asynchronous Mode (lItAP)!4, 211 
Mil 
16.6 
14.2 


Maximum Internal Asynchronous 
Com'lIInd 
20 
16.6 
MHz 
fMAXA2 
Frequency[4.24J 
Mil 
16.6 
14.2 


Data Path Maximum FreJuency in 
Com'lIInd 
20 
16.6 
MHz 
fMAXA3 
Asynchronous Model4• 23 
Mil 
16.6 
14.2 


Maximum Asynchronous Register Toggle 
Com'lIInd 
20 
16.6 
MHz 
fMAXA4 
Frequency I/(tAWH + tAWL)!4,22J 
Mil 
16.6 
14.2 


Output Data Stable Time from 
Com'lIInd 
IS 
IS 
ns 
tAOH 
Asynchronous Clock Input!4. 25J 
Mil 
IS 
IS 
Notes: 
19. This specification is a measure of the delay from an asynchronous 


register 
clock 
input 
to internal 
feedback 
of the register 
output 
signal 


to the input 
of the LAB 
logic array 
and 
then 
to a combinatorial 


output. 
This 
delay 
assumes 
no expanders 
are used 
in the logic of 
combinatorial 
output 
or the asynchronous 
clock 
input. 
The clock 


signal 
is applied 
to the dedicated 
clock 
input 
pin and 
all feedback 
is 


within 
a single 
LAB. 
This 
parameter 
is tested 
periodically 
by sam- 


pling 
production 
material. 


20. This 
specification 
is a measure 
of the delay 
associated 
with 
the inter- 
nal register 
feedback 
path 
for an asynchronous 
clock 
to LAB 
logic 


array 
input. 
This 
delay 
plus the asynchronous 
register 
setup 
time, 


tASl' 
is the minimum 
internal 
period 
for an internal 
asynchronously 


clocked 
state 
machine 
configuration. 
This 
delay 
is for feedback 
with- 
in the same 
LAB, 
assumes 
no expander 
logic 
in the clock 
path 
and 
assumes 
that 
the clock 
input 
signal 
is applied 
to a dedicated 
input 


pin. This 
parameter 
is tested 
periodically 
by sampling 
production 
materiaL 


21. This 
specification 
indicates 
the guaranteed 
maximum 
frequency 
at 


which 
an asynchronously 
clocked 
state 
machine 
configuration 
with 


external 
feedback 
can operate. 
It is assumed 
that 
all data 
inputs, 
clock 
inputs, 
and 
feedback 
signals 
are applied 
to dedicated 
inputs 
and 
that 
no expander 
logic is employed 
in the clock 
signal 
path 
or 
data 
path. 


22. This 
specification 
indicates 
the guaranteed 
maximum 
frequency 
at 


which 
an individual 
output 
or buried 
register 
can be cycled 
in aSyll- 
chronously 
clocked 
mode 
by a clock 
signal 
applied 
to an external 


dedicated 
input 
pin. 


23. This 
frequency 
is the maximum 
frequency 
at which 
the de~ice 
m~:: 


operate 
in the asynchronously 
clocked 
data 
path 
mode. 
ThiS speci 
1- 
cation 
is determined 
by the leasl 
of 1/(IAWH 
+ IAWLl, 
lI(tASt 
+ 


tAH) or lItACO!· 
It asssumes 
data 
and clock 
input 
signals 
are ap- 


plied 
to dedicated 
input 
pins and 
no expander 
logic 
is used. 
24. This 
specification 
indicates 
the guaranteed 
maximum 
frequency 
at 


which 
an asynchronously 
clocked 
state 
machine 
with 
internal 
only 


feedback 
can operate. 
This 
parameter 
is determined 
by the lesser 
cf 


(I/(IACF 
+ tAS» 
or (lI(IAWH 
+ IAWL))· 
Ifregisler 
oUlput 
stal.,. 


must 
also control 
external 
points, 
this 
frequency 
can still be observed 
as long as this frequency 
is less than 
1IIACO]. 


This 
specification 
assumes 
no expander 
logic is utilized, 
all data 
in- 
puts 
and 
clock 
inputs 
are applied 
to dedicated 
inputs, 
and 
all state 


feedback 
is within 
a single 
LAB. 
This 
parameter 
is tested 
periodical- 


ly by sampling 
production 
material. 


25. This 
parameter 
indicates 
the minimum 
time 
that 
the previous 
regj,;- 


ter output 
data 
is maintained 
on the output 
after 
an asynchronous 


register 
clock 
input 
applied 
10 an external 
dedicated 
input 
pin. 


~ 
CY7C342 


~~~DUCfOR 
====================================== 
Switching Waveforms 


External Combinatorial 


DEDICATED 
INPUT/ 
~ 
I/o 
INPUT 
_ 


(PDl 
m 


/tPD}8~1 
__::::::::::: 
COMBINATORIAL 
OUTPUT 
__ 
f-t_ERl71j 


COMBINATORIAL 
OR 
_-------- 
HIGH IMPEDANCE 


REGISTERED OUTPUT 
3 - STATE 


LtEAl71~ 
__ 
HIGH IMPEDANCE 
I 


3-STATE ------1--- 
VALID 
OUTPUT 


___________ 
te_D_2 
*----- 
COMBINATORIAL 
OUTPUT 
FROM 
•• 


REGISTERED FEEDBACK(11) 
_ 


________________ 
t_ 


AC 


_ 


O 


_ 


2 
'*------- 
COMBINATORIAL 
OUTPUT 
FROM 


ASYNCHRONOUS 
REGISTERED FEEDBACK 
•••• 
_ 


• 
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Typical Internal Switching Characteristics 
Over 
Operating 
Range 


Parameters 
Description 
CY7C342-30 
CY7C342·35 
CY7C342-40 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Dedicated 
Input 
Pad and 
Com'llInd 
7 
9 
ns 
ttN 
ButTer Delay 
Mil 
9 
II 


I/O 
Input 
Pad and ButTer Delay 
Com'llInd 
6 
9 
ns 
ttO 


Mil 
9 
12 


Expander 
Array 
Delay 
Com'llInd 
14 
20 
ns 
tEXP 


Mil 
20 
25 


Logic Array 
Data Delay 
Com'llInd 
14 
16 
tLAD 
ns 


Mil 
16 
18 


Logic Array 
Control 
Delay 
Com'IIInd 
12 
13 
ns 
tLAC 


Mil 
13 
14 


tOD 
Output 
ButTer and Pad Delay 
Com'IIInd 
5 
6 
ns 


Mil 
6 
7 


tzx 
Output 
ButTer Enable 
Delay(26) 
Com'IIInd 
11 
13 
ns 


Mil 
13 
15 


txz 
Output 
ButTer Disable 
Delay 
Com'IIInd 
11 
13 
ns 


Mil 
13 
15 


tRSU 
Register 
Setup Time Relative 
to 
Com'IIInd 
8 
10 
ns 
Clock Signal at Register 
Mil 
10 
12 


tRH 
Register 
Hold Time Relative 
to 
Com'IIInd 
8 
10 
ns 
Clock Signal at Register 
Mil 
10 
12 


tLATCH 
Flow Through 
Latch 
Delay 
Com'IIInd 
4 
4 
ns 


Mil 
4 
4 


tRD 
Register 
Delay 
Com'IIInd 
2 
2 
ns 


Mil 
2 
2 


tCOMB 
Transparent 
Mode Delay [27) 
Com'IIInd 
4 
4 
ns 


Mil 
4 
4 


tCH 
Clock High Time 
Com'IIInd 
10 
12.5 
ns 


Mil 
12.5 
15 


tCL 
Clock 
Low Time 
Com'IIInd 
10 
12.5 
ns 


Mil 
12.5 
15 


tIC 
Asynchronous 
Clock Logic Delay 
Com'llInd 
16 
18 
ns 


Mil 
18 
20 


tICS 
Synchronous 
Clock Delay 
Com'llInd 
2 
3 
ns 


Mil 
3 
4 


tFD 
Feedback 
Delay 
Com'IIInd 
I 
2 
ns 


Mil 
2 
3 


tpRE 
Asynchronous 
Register 
Com'IIInd 
6 
7 
Preset Time 
ns 


Mil 
7 
8 


tCLR 
Asynchronous 
Register 
Com'IIInd 
6 
7 


Clear Time 
ns 


Mil 
7 
8 


tpcw 
Asynchronous 
Preset and 
Com'IIInd 
6 
7 


Clear Pulse Width 
ns 


Mil 
7 
8 


tpCR 
Asynchronous 
Preset and Clear 
Com'IIInd 
6 
7 
Recovery 
Time 
ns 


Mil 
7 
8 


tPIA 
Programmable 
Interconnect 
Com'IIInd 
16 
20 


Array 
Delay Time 
ns 


Mil 
20 
24 


Notes: 


26. 
Sample 
tested 
only for an output 
change 
of 500 mY. 
27. This specification 
guarantees 
the maximum 
combinatorial 
delay 
as- 


sociated 
with the macrocell 
register 
bypass 
when 
the macrocell 
is 


configured 
for combinatorial 
operation. 


~ 
CY7C342 
_~\'E&DucrOR =================================== 
Switching Waveforms (Continued) 


Internal Combinatorial 


r---tIN~ 
y 
-j t,O r--- tplA- 


X 


-tEXP~ 


- 
tLAc•tLAO- 


'1r-"~'C"~I;--'1i_ 
---ltIN1= 


CLOCK INTO 
, 


LOGIC ARRAY 
_ 
/ 
tied 
CLOCK FROM 
------- 
------- 
LOGIC ARRAY 
\. 
/ 


DATA FROM 
-------- 
••.•••ftR: 
t 


RH? 
E 


LOGIC ARRAY 
•••••. 
_ 
~----- 
••••• 


REGISTER 
tRO.tLArCH~tro=t= 
lcLR.tpRE-I-troc 


OUTPUT TO 
- 
LOCAL 
LAB 
LOGIC ARRAY 


tPIA~ 
REGISTER 
----------- 
• 


OUTPUT TO 
ANOTHER 
LAB 
----------------------- 
~----------- 


.J==tCH==t=tCL=J 
__ 
, 
_ 
i 


tIN-----i£'CS 


' 
1 
' __ 


t 


RSU 


tRH3:================================================ 
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Switching Waveforms (Continued) 


Internal 
Synchronous 


Speed 
Ordering Code 
Package 
Operating 


(ns) 
Type 
Range 


30 
CY7C342-30HC/HI 
H8l 
Commercial! 


CY7C342-30JC/JI 
J8l 
Industrial 


CY7C342-30RC/RI 
R68 


CY7C342-30GC/GI 
G68 


35 
CY7C342-35HC/HI 
H81 
Commercial! 


CY7C342-35JC/JI 
J8l 
Industrial 


CY7C342-35RC/RI 
R68 


CY7C342-35GC/GI 
G68 


CY7C342-35HMB 
H8l 
Military 


CY7C342-35RMB 
R68 


40 
CY7C342-40HC/HI 
H8l 
Commercial! 


CY7C342-40JC/JI 
J8l 
Industrial 


CY7C342-40RC/RI 
R68 


CY7C342-40GC/GI 
G68 


CY7C342-40HMB 
H8l 
Military 


CY7C342-40RMB 
R68 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IIX 
1,2,3 


loz 
1,2,3 


ICCI 
1,2,3 


Parameters 
Subgroups 


tPDI 
7,8,9,10,11 


tPD2 
7,8,9,10,11 


IPD3 
7,8,9,10,11 


tCOI 
7,8,9,10,11 


tSl 
7,8,9,10,11 


tS2 
7,8,9,10,11 


tH 
7,8,9,10,11 


tWH 
7,8,9,10,11 


tWL 
7,8,9,10,11 


tRO 
7,8,9,10,11 


tpo 
7,8,9,10,11 


tACOl 
7,8,9,10,11 


IAC02 
7,8,9,10,11 


tASI 
7,8,9,10,11 


tAS2 
7,8,9,10,11 


tAH 
7,8,9,10,11 


tAwH 
7,8,9,10,11 


IAWL 
7,8,9,10,11 


--- 
~ 
_. _....•... - 


'fJE 'CYPRESS 
F 
SEMICONDUCTOR 


Features 


• 
64 MAX macrocells 
in 4 LABs 


• 
8 dedicated 
inputs, 
28 three- 


stateable, 
bidirectional 
110 pins 


• 
Programmable 
interconnect 


array 


• 
Available 
in 44-pin HLCC, 
PLCC 


9 
INPUT 


11 
INPUT 


12 
INPUT 


13 
INPUT 


15 
16 
17 


I/o 
18 
PINS 
19 
20 
22 
B 


Functional 
Description 


The CY7C343 is a high-performance, 
high-density 
erasable programmable 


logic device, available in 44-pin PLCC 
and HLCC packages. 


The CY7C343 contains 64 highly flex- 
ible macrocells 
and 128 expander 
prod- 


uct terms. These resources are divided 
into four Logic Array Blocks (LABs) 
connected 
through 
the Programmable 
Interconnect 
Array (PIA). There are 


INPUT 
35 


INPUT/eLK 
34 


INPUT 
33 


INPUT 
31 


1 
44 
42 
41 
I/O 
40 
PINS 
39 
3." 


30 
29 
2. 
I/O 
27 
PINS 


26 
24 


8 input pins, one of which doubles as a 
clock pin if needed. The CY7C343 also 
has 28 I/O pins, each connected 
to a 


macrocell (six for LABs A and C, and 
eight for LABs B and D). The remain- 
ing 36 macrocells 
are used for embed· 
ded logic. 


The CY7C343 is excellent for a wide 
range of applications 
both synchronous 


and asynchronous. 


Pin Configuration 


HLCC 
Top View 


I/O 


I/O 


I/O 


Vcc 


INPUT 


INPUT/ClK 


INPUT 


OND 


INPUT 


I/O 


I/O 
o 


7C343-30 
7C343-35 
7C343-40 


Maximum Access Time (ns) 
30 
35 
40 


Maximum Operating 
Commercial 
135 
135 


Current (mA) 
Military 
225 
225 


Industrial 
225 
225 
225 


Maximum Standby 
Commercial 
120 
120 
Current (mA) 
Military 
200 
200 


Industrial 
200 
200 
200 
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Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 
Storage Temperature 
- 65°C to + 150°C 
DC Input Yoltage[J] 
- 2.0Y to + 7.0Y 


Ambient Temperature 
with 
DC Program 
Voltage 
- 2.0Y to + 13.5Y 
Power Applied 
O°C to + 70°C 


Maximum 
Junction 
Temperature 


(Under 
Bias) 
150°C 


Supply Voltage to Ground 
Potential 
-2.0Y 
to + 7.0Y 


Maximum 
Power Dissipation 
2500 mW 


DC YCC or GND Current 
500 mA 


DC Output 
Current, 
per Pin 
- 25 mA to + 25 mA 


Range 
Ambient 
Vee 
Temperature 


Commercial 
O"Cto +70"C 
5V ±5% 


Industrial 
- 4O"Cto + 85°C 
5V ± 10% 


Military 
- 55°C to + 125°C (Case) 
5V ± 10% 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vce = Min., IOH = - 4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8 mA 
0.45 
V 


VlH 
Input HIGH Level 
2.2 
Vec+0.3 
V 


VIL 
Input LOW Level 
-0.3 
0.8 
V 


IIX 
Input Current 
GND ,;; VIN ,;; Vce 
-10 
+10 
)J-A 


Ioz 
Output Leakage Current 
Vo = VeeorGND 
-40 
+40 
)J-A 


Ios 
Output Short 
Vee = Max., VOUT = O.5V[ZA] 
-30 
-90 
mA 
Circuit Current 


Ieel 
Power Supply 
VI = Vee or GND (No Load) 
Commercial 
120 
mA 
Current (Standby) 
Military/Industrial 
200 
mA 


Ieez 
Power Supply 
VI = Vee or GND (No Load) 
Commercial 
135 
mA 
Currentl3] 
f = 1.0 MHz[31 
Military/Industrial 
225 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
VIN = 2V, f = 1.0 MHz 
10 
pF 
COUT 
Output Capacitance 
VOUT = 2.0V, f = 1.0 MHz 
10 


Notes: 
1. Minimum 
DC input is ~O.3V. 
During 
transitions, 
the inputs 
may 


undershoot 
to - 2.0Y 
for periods 
less than 20 os. 
2. Typical 
values 
are for TA = 25°C and VCC = 5V. 


2A. 
Not 
more than one output 
should 
be tested 
at a time. 
Duration 
of 


the short circuit should not be more than one second. VOUT = O.SY 
has been chosen 
to avoid 
test problems 
caused 
by tester ground 


degradation. 


AC Test Loads and Waveforms[4] 


3. Measured 
with device 
programmed 
as a 16-bit counter 
in each LAB. 


This parameter 
is tested 
periodically 
by sampling 
production 
material. 


4. Part (a) in AC Test Load 
and Waveforms 
is used for all parameters 


except 
tER and txz. 
which 
is used for part (b) in AC Test 
Load and 


Waveforms. 
All external 
timing 
parameters 
are measured 
referenced 


to external 
pins of the device. 


R, 464!l 
R, 464!l 
5V31 5V~ 


OUTPUT 
OUTPUT 


50 pFI 
R2 250n 
5 pFI 
R2 Z50n 


INCLUDING 
JIG AND 
SCOPE 


REGISTER 


tClR 
OUTPUT 


tpRE 
DELAY 
INPUT 


too 
INPUT/ 


t'D 
t,z 
OUTPur 


tRSU 
leow, 
tz, 
tUTCH 
tRH 


Programmable Interconnect Array 


The Programmable 
Interconnect 
Array (PIA) solves inter- 


connect limitations 
by routing only the signals needed by 


each logic array block. The inputs to the PIA are the out- 
puts of every macrocell 
within the device and the I/O pin 
feedback of every pin on the device. 


Unlike masked or programmable 
gate arrays, which induce 


variable delay dependent 
on routing, 
the PIA has a fixed 


delay. This eliminates 
undesired 
skews among logic signals, 
which may cause glitches in internal or external logic. The 
fixed delay, regardless 
of programmable 
interconnect 
array 
configuration, 
simplifies design by assuring that internal 


signal skews or races are avoided. The result is ease of 
design implementation, 
often in a single pass, without the 


multiple internal 
logic placement 
and routing iterations 
re- 
quired for a programmable 
gate array to achieve design 


timing objectives. 


Timing Delays 


Timing delays within the CY7C343 may be easily deter- 
mined using MAX + PLUSTM software or by the model 
shown in Figure 3. The CY7C343 has fixed internal delays, 
allowing the user to determine 
the worst case timing delays 
for any design. For complete timing information 
the 


MAX + PLUS software provides a timing simulator. 


Design Recommendations 


Operation 
of the devices described herein with conditions 


above those listed under "Absolute 
Maximum 
Ratings" 


may cause permanent 
damage to the device. This is a stre,s 


rating only and functional 
operation 
of the device at thest' 


or any other conditions 
above those indicated 
in the opera- 
tional sections of this data sheet is not implied. Exposure 
to 


absolute maximum 
ratings conditions 
for extended periods 
of time may affect device reliability. The CY7C343 con- 
tains circuitry 
to protect device pins from high static volt- 


ages or electric fields; however, it is advised that normal 
precautions 
be taken to avoid application 
of any voltage 


higher than maximum 
rated voltages. 


For proper operation, 
input and output 
pins must be con- 


strained to the range GND (VIN or VOUT) Vcc. Unused 
inputs must always be tied to an appropriate 
logic level 
(either Vcc or GND). 
Each set of Vcc and GND pins 


must be connected 
together directly at the device. Power 
supply decoupling 
capacitors 
of at least 0.2 JLF must be 


connected 
between Vcc and GND. 
For the most effective 


decoupling, 
each Vcc pin should be separately 
decoupled 


to GND, 
directly at the device. Decoupling 
capacitors 


should have good frequency 
response, such as monolithic 


ceramic types. 
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Timing Considerations 


Unless otherwise 
stated, propagation 
delays do not include 
expanders. 
When using expanders 
add the maximum 
ex- 
pander delay tEXP to the overall delay. Similarly, there is 
an additional 
tPIA delay for an input from an I/O pin when 


compared 
to a signal from a straight 
input pin. 


When calculating 
synchronous 
frequencies, 
use tSI if all 


inpuls are on the input pins. tS2 should be used if data is 
applied at an I/O pin. Ifts2 is greater than tCOI' 
IIts2 becomes the limiting frequency in the data path 
mode unless I/(twH 
+ twL> is less than IIts2. 


When expander 
logic is used in the data path, add the 


appropriate 
maximum 
expander 
delay, tEXP to tsi. Deter- 


mine which of lI(tWH + twL), I/tcOI' 
or lI(tEXP + tsl) 
is the lowest frequency. 
The lowest of these frequencies 
is 
the maximum 
data path frequency 
for the synchronous 
configuration. 


When calculating 
external asynchronous 
frequencies, 
use 
tAS\ if all inputs are on dedicated 
input pins. If any data is 


app ied to an I/O pin, tAS2 must be used as the required set 
up time. If (tAS2 + tAH) is greater than tACO1' lI(tAS2 + 
tAH) becomes the limiting frequency in the data path mode 
unless I/(tAWH + tAwL> is less than lI(tAS2 + tAW· 


When expander 
logic is used in the data path, add the 
appropriate 
maximum 
expander 
delay, tEXP to tASI' De- 
termine which of lI(tAWH + tAwL>, IItACOI' 
or 


lI(tEXP + tAS,) is the lowest frequency. 
The lowest of 


these frequencies 
is the maximum 
data path frequency 
for 


the asynchronous 
configuration. 


The parameter 
tOH indicates the system compatibility 
of 


this device when driving other synchronous 
logic with posi- 


tive input hold times, which is controlled 
by the same syn- 


chronous 
clock. If tOH is greater than the minimum 
re- 
quired input hold time of the subsequent 
synchronous 
log- 


ic, then the devices are guaranteed 
to function properly 


with a common synchronous 
clock under worst-case envi- 


ronmental 
and supply voltage conditions. 


The parameter 
tAOH indicates the system compatibility 
of 


this device when driving subsequent 
registered 
logic with a 


positive hold time and using the same clock as the 
CY7C343. 


In general, iftAOH is greater than the minimum 
required 


input hold time of the subsequent 
logic (synchronous 
or 


asynchronous) 
then the devices are guaranteed 
to function 


properly under worst-case environmental 
and supply volt- 


age conditions, 
provided the clock signal source is the 


same. This also applies if expander 
logic is used in the 


clock signal path of the driving device, but not for the 
driven device. This is due to the expander 
logic in the sec- 


ond device's clock signal path adding an additional 
delay 


(tEXP) causing the output data from the preceding 
device 


to change prior to the arrival of the clock signal at the 
following device's register. 
• 
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External 
Synchronous 
Switching Characteristics[4l 
Over Operating 
Range 


Parameters 
Description 
CY7C343·30 
CY7C343·35 
CY7C343·40 
Units 


Min, 
Max, 
Min, 
Max, 
Min, 
Max, 


Dedicated Input to Combinatorial 
Com'l & Ind 
30 
35 
tpDI 
Output Delay!SI 
ns 


Mil 
35 
40 


1/0 Input to Combinatorial 
Com'l& Ind 
45 
55 
tPD2 
Output Delay[61 
ns 


Mil 
55 
65 


Dedicated Input to Combinatorial 
Com'l & Ind 
47 
55 
tPD3 
Output Delay with Expander Delay!71 
ns 


Mil 
55 
62 


tPD4 
1/0 Input to Combinatorial 
Com'l& Ind 
64 
72 
Output Delay with Expander Delay!8] 
ns 


Mil 
72 
80 


Input to Output Enable Delay!SI 
Com'l& Ind 
30 
35 
tEA 
ns 


Mil 
35 
40 


Input to Output Disable Delay!Sl 
Com'l & Ind 
30 
35 
tER 
ns 


Mil 
35 
40 


tCOI 
Synchronous Clock Input to 
Com'l& Ind 
16 
20 
Output Delay 
ns 


Mil 
20 
23 


tC02 
Synchronous Clock to Local 
Com'l & Ind 
40 
45 
Feedback to Combinatorial Outputl9] 
ns 


Mil 
45 
50 


t5l 
Dedicated Input or Feedback Setup Time 
Com'l&Ind 
22 
25 
to Synchronous Clock InputlS, to] 
ns 


Mil 
25 
28 


t52 
1/0 Input Setup Time to Synchronous 
Com'l& Ind 
39 
42 


Clock InputlSJ 
ns 


Mil 
42 
45 


tH 
Input Hold Time from Synchronous 
Com'l& Ind 
0 
0 


Clock InputlS] 
ns 


Mil 
0 
0 


tWH 
Synchronous Clock Input High Time 
Com'l& Ind 
10 
12.5 
ns 


Mil 
12.5 
15 


tWL 
Synchronous Clock Input Low Time 
Com'l & Ind 
10 
12.5 
ns 


Mil 
12.5 
15 


tRw 
Asynchronous Clear Width!sl 
Com'l&Ind 
30 
35 
ns 


Mil 
35 
40 


tRR 
Asynchronous Clear Recovery TimelsJ 
Com'l&Ind 
30 
35 
ns 


Mil 
35 
40 


tRO 
Asynchronous Clear to Registered 
Com'l& Ind 
30 
35 
Output Delay!sl 
ns 


Mil 
35 
40 


tpw 
Asynchronous Preset Width!SI 
Com'l & Ind 
30 
35 
ns 


Mil 
35 
40 


tPR 
Asynchronous Preset Recovery Time!S] 
Com'l & Ind 
30 
35 
ns 


Mil 
35 
40 


tpo 
Asynchronous Preset to Registered 
Com'l& Ind 
30 
35 
Output Delay!SI 
ns 


Mil 
35 
40 


tCF 
Synchronous Clock to Local 
Com'l& Ind 
3 
6 
Feedback Inputlill 
ns 


Mil 
6 
9 


tp 
External Synchronous Clock Period 
Com'l& Ind 
37 
43 
(tCOI + t5l) 
ns 


Mil 
45 
51 
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External 
Synchronous 
Switching Characteristics[4l 
Over 
Operating 
Range 
(Continued) 


Parameters 
Description 
CY7C343·30 
CY7C343·35 
CY7C343·4Q 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


fMAXI 


External 
Maximum 
Frequency 
Com'l 
& Ind 
27.0 
23.2 
MHz 
(l/(tCOI 
+ tsl))(I2J 
Mil 
22.2 
19.6 


fMAX2 


Internal 
Local 
Feedback 
Maximum 
Frequency, 
Com'l&Ind 
40.0 
32.2 
MHz 
lesser of l/(tsl 
+ tCF) or (I/tCOI)(13] 
Mil 
33.3 
28.5 


fMAX3 


Data 
Path 
Maximum 
Frequency, 
least of 
Com'l&Ind 
45.4 
40.0 
MHz 
(l/(twL 
+ twH), 
(I/(tsl 
+ tH» or (I/tCOI)[14J 
Mil 
40.0 
30.0 


fMAX4 
Maximum 
Register 
Toggle 
Frequency 
Com'l& 
Ind 
50.0 
40.0 
MHz 
l/(twL 
+ tWH)[15J 
Mil 
40.0 
30.0 


tOH 
Output 
Data 
Stable 
Time 
from 
Com'I&Ind 
3 
3 
Synchronous 
Clock 
Input[16] 
ns 


Mil 
3 
3 
Notes: 
5. This specification is a measure of the delay from input signal applied 


to a dedicated input, (44-pin PLCC input pin 9, II, 12, 13, 31, 33, 
34, or 35) to combinatorial 
output on any output pin. This delay 


assumes no expander terms are used to form the logic function. 
When this note is applied to any parameter specification it indicates 
that the signal (data, asynchronous clock, asynchronous clear, 
and/or asynchronous preset) is applied to a dedicated input only and 
no signal path (either clock or data) employs expander logic. 
If an input signal is applied to an I/O pin an additional delay equal 
to tplA should be added. 
If expanders are used add the maximum expander delay lEXP to the 
overall delay. 
6. This specification is a measure of the delay from input signal applied 


to an I/O macrocell pin to any output. This delay assumes no expan- 
der tenns are used to fonn the logic function. 
7. This specification is a measure of the delay from an input signal 


applied to a dedicated input, (44-pin PLCC input pin 9, II, 12, 13, 
31, 33, 34, or 35) to combinatorial output on any output pin. This 
delay assumes expander terms are used to form the logic function 
and includes the worst-case expander logic delay for one pass 
through the expander logic. This parameter is tested periodically by 
sampling production material. 
8. This specification is a measure of the delay from an input signal 


applied to an I/O macrocell pin to any output. This delay assumes 
expander terms are used to form the logic function and includes the 
worst case expander logic delay for one pass through the expander 
logic. This parameter is tested periodically by sampling production 
material. 
9. This specification is a measure of the delay from synchronous regis- 


ter clock to internal feedback of the register output signal to the 
input of the LAB logic array and then to a combinatorial output. 
This delay assumes no expanders are used, register is synchronously 
clocked and all feedback is within the same LAB. This parameter is 
tested periodically by sampling production material. 


10. If data is applied to an 110 input for capture by a macrocell register, 


the I/O pin input set-up time minimums should be observed. These 
parameters ~re t5t for synchronous operation and tA52 for asynchro- 
nous operation. 


II. This specification is a measure of the delay associated with the inter- 


nal register feedback path. This is the delay from synchronous clock 
to LAB logic array input. This delay plus the register set-up time, 
t51, is the minimum internal period for an internal synchronous state 
machine configuration. This delay is for feedback within the same 
LAB. This parameter is tested periodically by sampling production 
material. 


12. This specification indicates the guaranteed maximum frequency, in 


synchronous mode, at which a state machine configuration with ex- 
ternal feedback can operate. It is assumed that all data inputs and 
feedback signals are applied to dedicated inputs. 


13. This specification indicates the guaranteed maximum frequency at 


which a state machine with internal only feedback can operate. If 
register output states must also control external points, this frequen- 
cy can still be observed as long as this frequency is less than IItCOI' 
All feedback is assumed to be local, originating within the same 
LAB. 
14. This frequency indicates the maximum frequency at which the de- 


vice may operate in data path mode. This delay assumes data input 
signals are applied to dedicated inputs and no expander logic is used. 


15. This specification indicates the guaranteed maximum frequency, in 


synchronous mode, at which an individual output or buried register 
can be cycled. 


16. This parameter indicates the minimum time after a synchronous reg- 


ister clock input that the previous register output data is maintained 
on the output pin. 


CY7C343·30 
CY7C343·35 
CY7C343-40 
Units 
Parameters 
Description 
Min, 
Max. 
Min. 
Max. 
Min. 
Max. 


Asynchronous 
Clock 
Input 
to 
Com'l 
& Ind 
30 
35 
ns 
tACO, 
Output 
Delay(5) 
Mil 
30 
35 
45 


Asynchronous 
Clock 
Input 
to Local 
Com'l& 
Ind 
50 
60 
ns 
tAC02 
Feedback 
to Combinatorial 
Outpudl7J 
Mil 
60 
70 


Dedicated 
Input 
or Feedback 
Setup 
Time 
Com'I&Ind 
10 
10 
ns 
tASI 
to Asynchronous 
Clock 
Inpu(5) 
Mil 
10 
10 


110 Input 
Setup 
Time 
to Asynchronous 
Com'l& 
Ind 
27 
30 
ns 
tAS2 
Clock 
Input[S) 
Mil 
30 
33 


Input 
Hold 
Time 
from 
Asynchronous 
Com'l& 
Ind 
15 
15 
ns 
tAH 
Clock 
InpudS) 
Mil 
15 
15 


Asynchronous 
Clock 
Input 
High 
Timel5] 
Com'l 
& Ind 
25 
30 
ns 
tAWH 


Mil 
30 
35 


Asynchronous 
Clock 
Input 
Low Time[5) 
Com'l 
& Ind 
25 
30 
ns 
tAWL 


Mil 
30 
35 


Asynchronous 
Clock 
to Local 
Com'l 
& Ind 
18 
22 
ns 
tACF 
Feedback 
Inpud 
18J 
Mil 
22 
26 


External 
Asynchronous 
Clock 
Period 
Com'l& 
Ind 
50 
60 
ns 
tAP 
(tACO, + tAS,) or (tAWH + tAwL> 
60 
70 
Mil 


External 
Maximum 
Frequency 
in 
Com'l 
& Ind 
20 
16.6 
MHz 
fMAXAI 
Asynchronous 
Mode 
(IItAP)[19J 
Mil 
16.6 
14.2 


Maximum 
Internal 
Asynchronous 
Com'l& 
Ind 
20 
16.6 
MHz 
fMAXA2 
Frequency[22J 
Mil 
16.6 
14.2 


Data 
Path 
Maximum 
Frequency 
in 
Com'l 
& Ind 
20 
16.6 
MHz 
fMAXA3 
Asynchronous 
Model2' 
J 
Mil 
16.6 
14.2 


Maximum 
Asynchronous 
Register 
Toggle 
Com'l 
& Ind 
20 
16.6 
M 
z 
fMAXA4 
Frequency 
(lI(tAwH 
+ tAWL»[20] 
Mil 
16.6 
14.2 


Output 
Data 
Stable 
Time 
from 
Com'l& 
Ind 
15 
15 
ns 
tAOH 
Asynchronous 
Clock 
Inpud23J 
Mil 
15 
15 
Notes: 
17. This specification is a measure of the delay from an asynchronous 
register clock input to internal feedback of the register output signal 
to the input of the LAB logic array and then to a combinatorial 
output. This delay assumes no expanders are used in the logic of 
combinatorial 
output or the asynchronous clock input. The clock 


signal is applied to a dedicated input pin and all feedback is within a 
single LAB. This parameter is tested periodically by sampling pro- 
duction material. 


18. This specification is a measure of the delay associated with the inter· 
nal register feedback path for an asynchronous clock to LAB logic 
array input. This delay plus the asynchronous register setup time. 
tAS , is the minimum internal period for an internal asynchronously 
c1oc1.edstate machine configuration. This delay is for feedback with- 
in the same LAB, assumes no expander logic in the clock path and 
assumes that the clock input signal is applied to a dedicated input 
pin. This parameter is tested periodically by sampling production 
material. 


19. This specification indicates the guaranteed maximum frequency at 


which an asynchronously clocked state machine configuration with 
external feedback can operate. It is assumed that all data inputs, 
clock inputs, and feedback signals are applied to dedicated inputs 
and that no expander logic is employed in the clock signal path or 
data path. 


20. This specification indicates the guaranteed maximum frequency at 


which an individual output or buried register can be cycled in asyn· 
chronously clocked mode by a clock signal applied to an external 
dedicated input pin. 


21. This frequency is the maximum frequency at which the de~ice may 


operate in the asynchronously clocked data path mode. This specifi· 
cation is determined by the least of lI(tA WH + tAwd, lI(tASl 
-t 


tAH) or IItACO!. It asssumes data and clock input signals are ap· 
plied to dedicated input pins and no expander logic is used. 


22. This specification indicates the guaranteed maximum frequency at 


which an asynchronously clocked state machine with internal only 
feedback can operate. This parameter is determined by the lesser of 
(l/(tACF 
+ tAS)) or (l/(tA 
WH + tA WL»· 
If register 
output 
state'; 


must also control external points, this frequency can still be observed 
as long as this frequency is less than IItACO!. 
This specification assumes no expander logic is utilized, all data in- 
puts and clock inputs are applied to dedicated inputs. and all state 
feedback is within a single LAB. This parameter is tested periodic,ll- 
ly by sampling production materiaL 
23. This parameter indicates the minimum time that the previous regis- 
ter output data is maintained on the output after an asynchronous 
register clock input. 
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Switching Waveforms 


External Combinatorial 
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Internal Switching Characteristics[l] 
Over Operating 
Range 


Parameters 
Description 
CY7C343·30 
CY7C343·35 
CY7C343-40 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Dedicated Input Pad and 
Com'l& Ind 
7 
9 
ns 
tIN 
ButTerDelay 
Mil 
9 
II 


I/O Input Pad and ButTerDelay 
Com'l& Ind 
5 
7 
t/O 
ns 


Mil 
7 
9 


Expander Array Delay 
Com'l& Ind 
14 
20 
tEXP 
ns 


Mil 
20 
25 


Logic Array Data Delay 
Com' 1& Ind 
14 
16 
tLAD 
ns 


Mil 
16 
18 


Logic Array Control Delay 
Com'l& Ind 
12 
13 
ns 
tLAC 


Mil 
13 
14 


Output ButTerand Pad Delay 
Com'l & Ind 
5 
6 
ns 
taD 


Mil 
6 
7 


Output ButTerEnable Delayl24l 
Com'l & Ind 
II 
13 
tzx 
ns 


Mil 
13 
15 


Output ButTerDisable Delay 
Com'l& Ind 
11 
13 
txz 
ns 


Mil 
13 
15 


Register Setup Time Relative to 
Com'l& Ind 
8 
8 
ns 
tRSU 
Clock Signal at Register 
Mil 
8 
8 


Register Hold Time Relative to 
Com'l& Ind 
8 
12 
tRH 
Clock Signal at Register 
ns 


Mil 
12 
14 


Flow Through Latch Delay 
Com'I&Ind 
4 
4 
tLATCH 
ns 


Mil 
4 
4 


Register Delay 
Com'l & Ind 
2 
2 
tRD 
ns 


Mil 
2 
2 


Transparent Mode Delay[25] 
Com'l& Ind 
4 
4 
tCaMB 
ns 


Mil 
4 
4 


Clock High Time 
Com'l& Ind 
10 
12.5 
tCH 
ns 


Mil 
12.5 
15 


Clock Low Time 
Com'I&Ind 
10 
12.5 
tCL 
ns 


Mil 
12.5 
15 


25. This specification 
guarantees 
the maximum 
combinatorial 
delay aj- 
sociated 
with the macrocell 
register 
bypass 
when 
the macrocell 
is 
configured 
for combinatorial 
operation. 
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Internal Switching Characteristics [19] 
Over 
Operating 
Range 
(Continued) 


Parameters 
Description 
CY7C343·30 
CY7C343·35 
CY7C343·40 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


tIC 
Asynchronous 
Clock 
Logic Delay 
Com'l& 
Ind 
16 
18 
ns 


Mil 
18 
20 


tICS 
Synchronous 
Clock 
Delay 
Com'l& 
Ind 
2 
3 
ns 


Mil 
3 
4 


tFD 
Feedback 
Delay 
Com'l& 
Ind 
I 
2 
ns 


Mil 
2 
3 


tPRE 
Asynchronous 
Register 
Com'l& 
Ind 
6 
7 
Preset 
Time 
ns 


Mil 
7 
8 


tCLR 
Asynchronous 
Register 
Com'l 
&Ind 
6 
7 
Clear 
Time 
ns 


Mil 
7 
8 


tpcw 
Asynchronous 
Preset 
and 
Com'l& 
Ind 
6 
7 
Clear 
Pulse 
Width 
ns 


Mil 
7 
8 


tPCR 
Asynchronous 
Preset 
and Clear 
Com'l& 
Ind 
6 
7 
Recovery 
Time 
ns 
Mil 
7 
8 


tPIA 
Programmable 
Interconnect 
Com'l& 
Ind 
16 
20 
Array 
Delay 
Time 
ns 


Mil 
20 
24 • 


~ 
PRELIMINARY 
CY7C343 
'nJ;WNDucroR ================================;;;;=;;;;; 
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Internal Combinatorial 
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Switching Waveforms (Continued) 


Output Mode 


Speed 
Ordering Code 
Package 
Operating 


(ns) 
Type 
Range 


30 
CY7C343-30HC/HI 
H67 
Commercial! 


CY7C343-30JC/JI 
J67 
Industrial 


35 
CY7C343-35HCIHI 
H67 
Commercial! 


CY7C343-35JC/JI 
J67 
Industrial 


CY7C343-35HMB 
H67 
Military 


40 
CY7C343-40HMB 
H67 
Military 
• 


-- 
~ 
-- --.> . - 
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SEMICONDUCTOR 


Features 


• 
High-performance, 
high-density 


replacement 
for TTL, 74HC, 
and 


custom 
logic 


• 
32 macrocells, 
64 expander 
product 
terms in one LAB 


• 
8 dedicated 
inputs, 
16 I/O 
pins 


• 
28-pin 300-mil DIP, 
Cerdip 
or 


28-pin HLCC, 
PLCC 
package 


Functional 
Description 


Available in a 28-pin 300-mil DIP or 
windowed J-Ieaded ceramic chip 


15(22) 
INPUT 
16(23) 
INPUT 
27(6) 
INPUT 


28(7) 
INPUT 


MACROCElL 
2 


MACROCELL 
4 


MACROCElL 6 


MACROCElL 
8 


MACROCELL 
10 


MACROCELl 12 


MACROCELL 
14 


MACROCELl 
16 


MACROCELL 
18 


MACROCELl20 


MACROCELL 
22 


MACROCELL 
24 


MACROCELL 
26 


MACROCELL 
28 


MACROCELL 
30 


MACROCELL 
32 


carrier (HLCC), 
the CY7C344 repre- 
sents the densest EPLD of this size. 8 
dedicated 
inputs and 16 bi-directional 
I/O pins communicate 
to one logic ar- 
ray block. In the CY7C344 LAB there 
are 32 macrocells 
and 64 expander 
product 
terms. When an I/O macrocell 
is used as an input, two expanders 
are 
used to create an input path. Even if all 
of the I/O pins are driven by macrocell 
registers, there are still 16 "buried" 
registers available. All inputs, macro- 
cells, and I/O pins are interconnected 


INPUT 
1(8) 


INPUT/eLK 
2(9) 


INPUT 
13(20) 


INPUT 
14(21) 


I/O 
3(10) 


I/O 
4(11) 


I/O 
5(12) 


I/o 
6(13) 


I/O 
9(16) 


I/O 
10(17) 


I/O 
11(18) 


I/O 
'2(19) 


I/O 
'7(24) 


I/O 
'8(25) 


I/o 
'9(26) 


I/o 
20(27) 


I/o 
23(2) 


I/o 
24(3) 


I/o 
25(4) 


I/o 
26(5) 


within the LAB. 


The speed and density of the CY7C344 
makes it a natural for all types of appli- 
cations. With just this one device, the 
designer can implement 
complex state 


machines, 
registered 
logic, and combi- 


natorial 
"glue" logic, without 
using 


multiple chips. This architectural 
flexi- 
bility allows the CY7C344 to replace 
multi-chip 
TTL solutions, 
whether 


they are synchronous, 
asynchronous, 


combinatorial, 
or all three. 


Pin Configurations 


HLCC 


Top View 


I/O 
I/o 


INPUT 
I/o 


INPUT 
0 
" 


INPUT 


INPUT 
22 
INPUT 


INPUT/eLK 
9 
INPUT 


I/o 
I/o 
I/o 


0000000 
:::::.::::- >0 a ::::-::::-::::- 


0184-2 


Cerdip 


Top View 


INPUT 
, 
INPUT 


INPUT/eLK 


I/o 
I/o 


I/o 
I/o 


I/o 
I/o 


I/o 
I/o 


Vcc 
7 
Vcc 


.'0 
8 
.'0 
I/o 
I/o 


I/o 
I/o 


I/o 
I/o 
I/o 
I/o 


INPUT 
INPUT 


INPUT 
INPUT 


0184-3 


7C344-20 
7C344-25 
7C344-35 


Maximum 
Access Time (ns) 
20 
25 
35 


Maximum 
Operating 
Commercial 
200 
200 


Current 
(mA) 
Military 
220 
220 


Industrial 
220 
220 
220 


Maximum 
Standby 
Commercial 
150 
150 


Current 
(mA) 
Military 
170 
170 


Industrial 
170 
170 
170 


Note: 1. Figures in ( ) are for J·Ieaded packages. 


MAX and MAX + PLUS are trademarks 
of Altera 
Corporation. 


~~ 
~nf1'<1ICCJMrJ.X:rCR 
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Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 
Storage Temperature 
-65°C 
to + 150°C 
DC Input Voltage[2] 
-2.0V 
to + 7.0V 


Ambient 
Temper"ture 
with 
DC Program 
Voltage 
- 2.0V to + l3.5V 


Power Applied 
O°C to + 70°C 


Maximum 
Junction 
Temperature 


(Under 
Bias) 
150°C 


Supply Voltage to Ground 
Potential 
-2.0V 
to + 7.0V 


Maximum 
Power Dissipation 
1500 mW 


DC Vee or G ND Current 
500 mA 


DC Output 
Current, 
per Pin 
- 25 mA to + 25 mA 


Range 
Ambient 
Vee 
Temperature 


Commercial 
O"Cto + 70°C 
5V ±5% 


Industrial 
- 4O"Cto + 85°C 
5V ± 10% 


Military 
- 55°C to + 125°C (Case) 
5V ± 10% 


Parameters 
Description 
Test Conditions 
Min. 
Max . 
Units 


VOH 
Output HIGH Voltage 
Vee = Min.,IOH = -4.0 
mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8 mA 
0.45 
V 


VIH 
Input HIGH Level 
2.2 
Vee+0.3 
V 


VIL 
Input LOW Level 
-0.3 
0.8 
V 


IIX 
Input Current 
GND ,,;;VIN ,,;;Vee 
-10 
+10 
I'-A 


Ioz 
Output Leakage Current 
Vo = VeeorGND 
-40 
+40 
I'-A 


IOS 
Output Short 
Vce = Max., VOUT = 0.5V[3, 4) 
-30 
-90 
mA 
Circuit Current 


Icel 
Power Supply 
VI = Vcc or GND (No Load) 
Commercial 
150 
mA 


Current (Standby) 
Military/Industrial 
170 
mA 


Iec2 
Power Supply 
VI = Vcc or GND (No Load) 
Commercial 
200 
mA 


Current 
f = 1.0 MHz[4, 6] 
Military/Industrial 
220 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
VIN = 2V, f = 1.0 MHz 
10 
pF 
COUT 
Output Capacitance 
VOUT = 2.0V, f = 1.0 MHz 
10 


Notes: 
2. Minimum DC input is -O.3V. During transitions, the inputs may 


undershoot to - 2,OYfor periods less than 20 os. 
3. Not more than one output should be tested at a time. Duration of the 


short circuit should not be more than one second. VOUT = O.5Vhas 
been chosen to avoid tcst problems caused by tester ground degrada· 
tion. 


4. Guaranteed 
but not 100% tested. 


Rl 46411 


5Vn 


OUTPUT 


50 pFI 
R2 25011 


INCLUDING 
_ 
_ 


JIG AND 


SCOPE 


Rl 46411 


5V~ 
OUTPUT 


5pFI 
R225DI1 


5. Typical values arefor TA = 25°CandVcc 
~ 5V. 


6. Measured with dt:vice programmed as a 16·bit counter. 
7. Figure 1a in AC Test Load and Waveforms is used for all parameters 


except tER and (xz, which is used for Figure 1b in AC Test Load and 
Waveforms. All external timing parameters are measured referenced 
to external pins of the device. 


• 


I/O 
INPUT DELAY 
t,O 


REGISTER 


tClR 
OUTPUT 
INPUT 
tpRE 
DELAY 
DELAY 


INPUT 


tiN 


tRD 
too 
OUTPUT 


lOGIC 
ARRAY 
tRSU 
!cOWS 
tXl 


DELAY 
tLATCH 
tlX 
ILAD 
tRH 


Timing Delays 


Timing delays within the CY7C344 may be easily deter- 
mined using MAX + PLUSTM software or by the model 
shown in Figure 3. The CY7C344 
has fixed internal delays, 
allowing the user to determine 
the worst case timing delays 
for any design. For complete timing information 
the 
MAX + PLUS software provides a timing simulator. 


Design Recommendations 


Operation 
of the devices described herein with conditions 


above those listed under "Absolute 
Maximum 
Ratings" 


may cause permanent 
damage to the device. This is a stress 
rating only and functional 
operation 
of the device at these 


or any other conditions 
above those indicated 
in the opera- 


tional sections of this data sheet is not implied. Exposure 
to 
absolute maximum 
ratings conditions 
for extended periods 
of time may affect device reliability. The CY7C344 con- 
tains circuitry 
to protect device pins from high static volt- 


ages or electric fields; however, it is advised that normal 
precautions 
be taken to avoid application 
of any voltage 
higher than maximum 
rated voltages. 


For proper operation, 
input and output pins must be con- 


strained 
to the range GND (VIN or VOUT) Vceo Unused 
inputs must always be tied to an appropriate 
logic level 


(either Vcc or GND). 
Each set ofVcc 
and GND pins 
must be connected 
together 
directly at the device. Power 


supply decoupling 
capacitors 
of at least 0.2 I-'F must be 


connected 
between Vcc and GND. 
For the most effective 


decoupling, 
each Vcc pin should be separately 
decoupled. 


Timing Considerations 


Unless otherwise stated, propagation 
delays do not include 


expanders. 
When using expanders 
add the maximum 
ex- 
pander delay tEXP to the overall delay. 


When calculating 
synchronous 
frequencies, 
use ts, if all 
inputs are on the input pins. tS2 should be used if data is 
applied at an I/O pin. IftS2 is greater than tCOt, 
lIts2 becomes the limiting frequency in the data path 
mode unless lI(twH 
+ tWL) is less than 
I/ts2. 


When expander 
logic is used in the data path, add the 
appropriate 
maximum 
expander delay, tEXP to tSt. Deter- 


mine which of lI(twH 
+ twL>, lItCO" 
or I/(tEXP + ts ,) 


is the lowest frequency. The lowest of these frequencies 
is 


the maximum 
data path frequency for the synchronous 


configuration. 


When calculating 
external asynchronous 
frequencies, 
use 


tASj if all inputs are on dedicated 
input pins. If any data i3 
app ied to an I/O pin, tAS2 must be used as the required set 
up time. If (tAS2 + tAH) is greater than tACO" lI(tAS2 + 
tAH) becomes the limiting frequency 
in the data path mode 


unless lI(tAWH + tAWL) is less than 
I/(tAS2 
+ tAH). 


When expander 
logic is used in the data path, add the 


appropriate 
maximum 
expander 
delay, tEXP to tAS,. 
Determine 
which of I/(tAWH + tAWL), lItACOt, 
or 
lI(tEXP + tAS,) is the lowest frequency. The lowest of 
these frequencies is the maximum 
data path frequency 
for 


the asynchronous 
configuration. 
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Timing Considerations (Continued) 


The parameter 
tOH indicates the system compatibility 
of 


this device when driving other synchronous 
logic with posi- 


tive input hold times, which is controlled 
by the same syn- 


chronous 
clock. If tOH is greater than the minimum 
re- 


quired input hold time of the subsequent 
synchronous 
log- 


ic, then the devices are guaranteed 
to function properly 


with a common synchronous 
clock under worst-case envi- 


ronmental 
and supply voltage conditions. 


The parameter 
tAOH indicates the system compatibility 
of 


this device when driving subsequent 
registered 
logic with a 


positive hold time and using the same clock as the 
CY7C344. 


External Synchronous Switching Characteristics [7) Over Operating 
Range 


In general, if tAOH is greater than the minimum 
required 


input hold time of the subsequent 
logic (synchronous 
or 


asynchronous) 
then the devices are guaranteed 
to function 


properly 
under worst-case environmental 
and supply volt- 


age conditions, 
provided the clock signal source is the 


same. This also applies if expander 
logic is used in the 
clock signal path of the driving device, but not for the 
driven device. This is due to the expander 
logic in the sec- 
ond device's clock signal path adding an additional 
delay 


(tEXP) causing the output data from the preceding device 
to change prior to the arrival of the clock signal at the 
following device's register. 


Parameters 
Description 
CY7C344·20 
CY7C344·25 
CY7C344-35 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Dedicated Input to Combinatorial 
Com'l/Ind 
20 
25 
tPDj 
Output Delay[SI 
ns 


Mil 
25 
35 


tPD2 
I/O Input to Combinatorial 
Com'l/Ind 
20 
25 


Output Delay(9) 
ns 


Mil 
25 
35 


Dedicated Input to Combinatorial 
Com'l/Ind 
30 
40 
tPD3 
Output Delay with Expander Delay[lO] 
ns 


Mil 
40 
60 


tPD4 
I/O Input to Combinatorial 
Com'l/Ind 
30 
40 


Output Delay with Expander Delay [4, 11) 
ns 


Mil 
40 
60 


tEA 
Input to Output Enable Delay(4) 
Com'l/Ind 
20 
25 
ns 


Mil 
25 
35 


tER 
Input to Output Disable Delay[4] 
Com'llInd 
20 
25 
ns 


Mil 
25 
35 


tCOI 
Synchronous Clock Input to 
Com'l/Ind 
12 
15 


Output Delay 
ns 


Mil 
15 
23 


tC02 
Synchronous Clock to Local 
Com'l/Ind 
22 
30 


Feedback to Combinatorial Output!4, 12) 
ns 


Mil 
30 
46 


ts 
Dedicated Input or Feedback Setup Time 
Com'l/Ind 
12 
15 


to Synchronous Clock Input 
ns 


Mil 
15 
21 


Input Hold Time from Synchronous 
Com'l/Ind 
I 
2.5 
lH 
Clock Input (7) 
ns 


Mil 
2.5 
2.5 


tWH 
Synchronous Clock Input High Time[4] 
Com'l/Ind 
7 
8 
ns 


Mil 
8 
10 


tWL 
Synchronous Clock Input Low Timd4) 
Com'l/Ind 
7 
8 
ns 


Mil 
8 
10 


tRw 
Asynchronous Clear Width(4) 
Com'l/Ind 
23 
28 
ns 


Mil 
28 
33 


tRR 
Asynchronous Clear Recovery Time(4) 
Com'l/Ind 
20 
25 
ns 


Mil 
25 
35 


tRQ 
Asynchronous Clear to Registered 
Com'l/Ind 
23 
28 
Output Delay[4] 
ns 


Mil 
28 
33 


tpw 
Asynchronous Preset Width[4] 
Com'l/Ind 
23 
28 
ns 


Mil 
28 
33 


tPR 
Asynchronous Preset Recovery Time[4] 
Com'l/Ind 
23 
28 
ns 


Mil 
28 
38 
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External 
Synchronous 
Switching Characteristics 
[71Over 
Operating 
Range 
(Continued) 


Parameters 
Description 
CY7C344-20 
CY7C344-25 
CY7C344-35 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Asynchronous 
Preset 
to Registered 
Com"lllnd 
23 
28 
tpo 
Output 
Delay(4] 
n' 


Mil 
28 
33 


Synchronous 
Clock 
to Local 
Com'lIlnd 
4 
7 
tCF 
Feedback 
Input!4, 
I3J 
os 


Mil 
7 
13 


External 
Synchronous 
Clock 
Period 
Com'lIlnd 
24 
30 
tp 
(tCOI + t5)(4] 
mi 


Mil 
30 
44 


fMAXI 


External 
Maximum 
Frequency 
Com'lIlnd 
41.6 
33.3 
MHz 
(1/(tCOI 
+ t5»[4, 
14] 
Mil 
33.3 
22.7 


fMAX2 


Maximum 
Frequency 
with Internal 
Only 
Com"lllnd 
62.5 
45.4 


MHz 
Feedback 
(1/(tCF 
+ t5»[4, 
15] 
Mil 
45.4 
29.4 


fMAX3 


Data 
Path 
Maximum 
Frequency, 
least of 
Com'lIlnd 
71.4 
57.1 
MHz 
1/(twL 
+ tWH). (1/(t51 + tH» 
or (l/tCOI)(4. 
16J 
Mil 
57.1 
42.5 


fMAX4 
Maximum 
Register 
Toggle 
Frequency 
Com'lIlnd 
71.4 
62.5 
MHz 
1/(twH 
+ twL)(4. 
17] 
Mil 
62.5 
50.0 


tOH 
Output 
Data 
Stable 
Time 
from 
Com'l/Ind 
3 
3 
Synchronous 
Clock 
Input!4, 
18J 
os 


Mil 
3 
3 
Notes: 
8. This parameter is the delay from an input signal applied to a dedicat- 


ed input pin to a combinatorial output on any output pin. This delay 
assumes no expander terms are used to form the logic function. 
9. This parameter is the delay associated with an input signal applied to 
an 110 macrocell pin to any output. This delay assumes no expander 
terms are used to form the logic function. 
10. This parameter is the delay associated with an input signal applied to 
a dedicated input pin to combinatorial output on any output pin. 
This delay assumes expander terms are used to form the logic func- 
tion and includes the worst-case expander logic delay for one pass 
through the expander logic. This parameter is tested periodically by 
sampling production material. 


11. This parameter is the delay associated with an input signal applied to 
an I/O macrocell pin to any output pin. This delay assumes expan- 
der terms are used to form the logic function and includes the worst- 
case expander logic delay for one pass through the expander logic. 
This parameter is tested periodically by sampling production materi- 
al. 


12. This specification is a measure of the delay from synchronous regis- 
ter clock input to internal feedback of the registered output signal to 
a combinatorial output for which the registered output signal is used 
as an input. This parameter assumes that no expanders are used in 
the logic of the combinatorial output and the register is synchronous- 
ly clocked. This parameter is tested periodically by sampling produc- 
tion material. 


13. This specification is a measure of the delay associated with the inter- 


nal register feedback path. This delay plus the register setup time. ts. 
is the minimum internal period for an internal state machine config- 
uration. This parameter is tested periodically by sampling produc· 
tion material. 


14. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with external only feedback can 
operate. 


15. This specification indicates the guaranteed maximum frequency at 


which a state machine with internal only feedback can operate. If 
register output states must also control external points, this frequen- 
cy can still be observed as long as it is less than IItco!. 
This specifi- 
cation assumes no expander logic is used. This parameter is tested 
periodically by sampling production material. 


16. This frequency indicates the maximum frequency at which the de- 


vice may operate in data path mode (dedicated input pin to output 
pin). This assumes that no expander logic is used. 


17. This specification indicates the guaranteed maximum frequency in 


synchronous mode. at which an individual output or buried register 
can be cycled by a clock signal applied to either a dedicated input p'n 
or an I/O pin. 


18. This parameter indicates the minimum time after a synchronous reg- 


ister clock input that the previous register output data is maintained 
on the output pin. 


If::':2. 
CY7C344 
';?J;mmuCTOR ===================================;;; 
External 
Asynchronous 
Switching Characteristics 
[7] Over Operating 
Range 


CY7C344-20 
CY7C344-25 
CY7C344-35 
Units 
Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Asynchronous Clock Input to 
Com'lIInd 
20 
25 


tACOl 
ns 
Output Delay 
Mil 
2S 
35 


Asynchronous Clock Input to Local 
Com'lIInd 
38 
46 


tAC02 
Feedback to Combinatorial Outputll9) 
ns 


Mil 
46 
62 


Dedicated Input or Feedback Setup Time to 
Com'lIInd 
9 
12 
tAS 
ns 
Asynchronous Clock Input 
Mil 
12 
15 


Input Hold Time from Asynchronous 
Com'lIInd 
9 
12 
tAH 
Clock Input 
ns 


Mil 
12 
17.5 


Asynchronous Clock Input High Time[4] 
Com'l/Ind 
15 
20 
ns 
tAwH 


Mil 
20 
30 


Asynchronous Clock Input Low Timel4] 
Com'lIInd 
15 
20 
ns 
tAwL 


Mil 
20 
30 


Asynchronous Clock to Local 
Com'lIInd 
18 
21 
tACF 
Feedback Inputl4. 20) 
ns 


Mil 
21 
27 


External Asynchronous Clock Period 
Com'lIInd 
30 
40 
ns 
tAP 
(tACOI + tAS) or (tAWH + tAWL)[4) 
Mil 
40 
60 


fMAXAj 
External Maximum Frequency in 
Com'lIInd 
33.3 
25.0 
MHz 
Asynchronous Mode (IItAP)[4. 21] 
Mil 
25.0 
16.6 


fMAXA2 
Maximum Internal Asynchronous 
Com'llInd 
33.3 
25.0 
MHz 
Frequency lI(tACF + tAS)[4.24) 
Mil 
25.0 
16.6 


fMAXA3 
Data Path Maximum Fre~uency in 
Com'lIInd 
33.3 
25.0 
MHz 
Asynchronous Mode[4, 23 
Mil 
25.0 
16.6 


fMAXA4 
Maximum Asynchronous Register Toggle 
Com'lIInd 
33.3 
25.0 
MHz 
Frequency 1/(tAwH + tAWL)[4,22] 
Mil 
25.0 
16.6 


Output Data Stable Time from 
Com'lIInd 
15 
15 
tAOH 
Asynchronous Clock Inputl4, 25] 
ns 


Mil 
15 
15 


Notes: 
19. This specification is a measure of the delay from an asynchronous 
register clock input to internal feedback of the registered output sig- 
nal to a combinatorial 
output for which the registered output signal 
is used as an input. Assumes no expanders are used in logic of combi- 
natorial output or the asynchronous clock input. This parameter is 
tested periodically by sampling production material. 


20. This specification is a measure of the delay associated with the inter- 


nal register feedback path for an asynchronously clocked register. 
This delay plus the asynchronous register setup time. tAS, is the 
minimum internal period for an asynchronously 
clocked state ma- 


chine configuration. This delay assumes no expander logic in the 
asynchronous clock path. This parameter is tested periodically by 
sampling production material. 


21. This parameter indicates the guaranteed maximum frequency at 


which an asynchronously 
clocked state machine configuration with 


external feedback can operate. It is assumed that no expander logic is 
employed in the clock signal path or data input path. 


22. This specification indicates the guaranteed maximum frequency at 


which an individual output or buried register can be cycled in asyn- 
chronously clocked mode by a clock signal applied to either a dedi- 
cated input or an I/O pin. 
23. This specification indicates the guaranteed maximum frequency at 
which an individual output or buried register can be cycled in asyn- 
chronously clocked mode. If this frequency is less than lItACOt 
or 1/(tAH + tAS). It also indicates the maximum frequency at which 
the device may operate in the asynchronously clocked data path 
mode. Assumes no expander logic is used. 


24. This specification indicates the guaranteed maximum frequency at 


which an asynchronously clocked state machine with internal only 
feedback can operate. If register output states must also control ex- 
ternal points, this frequency can still be observed as long as this 
frequency is less than lItACOt. This specification assumes no expan- 
der logic is utilized. This parameter is tested periodically by sampling 
production material. 


25. This parameter indicates the minimum time that the previous regis- 


ter output data is maintained on the output pin after an asynchro- 
nous register clock input to an external dedicated input or I/O pin. 
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External Combinatorial 
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Typical Internal Switching Characteristics 
Over 
Operating 
Range 


Parameters 
Description 
CY7C344·20 
CY7C344-25 
CY7C344·35 
Units 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


Dedicated 
Input 
Pad and 
ComVlnd 
5 
7 
tIN 
ButTer Delay 
ns 


Mil 
7 
II 


110 Input 
Pad and ButTer Delay 
Com'l/lnd 
5 
7 
tIO 
ns 


Mil 
7 
II 


Expander 
Array 
Delay 
ComVlnd 
10 
15 
tEXP 
ns 
Mil 
15 
23 


Logic Array 
Data 
Delay 
Com'l/lnd 
9 
10 
tLAD 
ns 


Mil 
10 
12 


Logic Array 
Control 
Delay 
Com'l/lnd 
7 
7 
tLAC 
ns 


Mil 
7 
7 


too 
Output 
ButTer and Pad Delay 
Com'l/lnd 
5 
5 
ns 


Mil 
5 
5 


Output 
ButTer Enable 
Delay[26] 
Com'l/lnd 
8 
11 
tzx 
ns 


Mil 
II 
17 


Output 
ButTer Disable 
Delay 
Com'l/lnd 
8 
II 
txz 
ns 


Mil 
II 
17 


Register 
Setup Time Relative 
to 
Com'l/lnd 
5 
8 
tRSU 
Clock Signal at Register 
ns 


Mil 
8 
14 


tRH 
Register 
Hold Time Relative 
to 
ComVlnd 
9 
12 
Clock Signal at Register 
ns 


Mil 
12 
18 


tLATCH 
Flow Through 
Latch 
Delay 
Com'l/lnd 
I 
3 
ns 


Mil 
3 
7 


Register 
Delay 
ComVlnd 
I 
I 
tRD 
ns 


Mil 
I 
I 


tCOMB 
Transparent 
Mode Delay[27) 
Com'l/lnd 
I 
3 
ns 


Mil 
3 
7 


Clock 
High Time 
Com'l/lnd 
7 
8 
tCH 
ns 


Mil 
8 
9 


Clock 
Low Time 
ComVlnd 
7 
8 
tCL 
ns 


Mil 
8 
9 


tIC 
Asynchronous 
Clock 
Logic Delay 
ComVlnd 
8 
10 
ns 


Mil 
10 
12 


tICS 
Synchronous 
Clock 
Delay 
ComVlnd 
2 
3 
ns 


Mil 
3 
5 


tFD 
Feedback 
Delay 
Com'l/lnd 
I 
I 
ns 


Mil 
I 
I 


Asynchronous 
Register 
Com'l/lnd 
6 
9 
tpRE 
Preset 
Time 
ns 


Mil 
9 
15 


tCLR 
Asynchronous 
Register 
Com'l/lnd 
6 
9 
Clear Time 
ns 


Mil 
9 
15 


tpcw 
Asynchronous 
Preset 
and 
Com'I/Ind 
6 
7 
Clear Pulse Width 
ns 


Mil 
7 
9 


tPCR 
Asynchronous 
Preset and Clear 
Com'l/lnd 
6 
7 


Recovery 
Time 
ns 


Mil 
7 
9 


Notes: 


26. 
Sample 
tested 
only 
for an output 
change 
of 500 mY. 
27. This specification 
guarantees 
the maximum 
combinatorial 
delay as- 


sociated 
with the macrocell 
register 
bypass 
when the rnacrocell 
is 
configured 
for combinaloriaJ 
operation. 
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Switching Waveforms (Continued) 


Internal 
Synchronous 
(Output 
Path) 


Speed 
Ordering Code 
Package 
Operating 


(ns) 
Type 
Range 


20 
CY7C344-20PC/PI 
P21 
Commerciall 


CY7C344-200C/DI 
022 
Industrial 


CY7C344-20WC/WI 
W22 


CY7C344-20HC/HI 
H64 


CY7C344-20JC/JI 
J64 


25 
CY7C344-25PC/PI 
P21 
Commerciall 


CY7C344-250C/DI 
022 
Industrial 


CY7C344-25WC/WI 
W22 


CY7C344-25HC/HI 
H64 


CY7C344-25JC/JI 
J64 


CY7C344-25HMB 
H64 
Military 


CY7C344-25WMB 
W22 


CY7C344-250MB 
022 


35 
CY7C344-35HMB 
H64 
Military 


CY7C344-35WMB 
W22 


CY7C344-350MB 
022 


• 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IIX 
1,2,3 


Ioz 
1,2,3 


ICCI 
1,2,3 


Parameters 
Subgroups 


tPDI 
7,8,9,10,11 


tPD2 
7,8,9,10,11 


tpD3 
7,8,9,10,11 


tCOI 
7,8,9,10,11 


ts 
7,8,9,10,11 


tH 
7,8,9,10,11 


tACO) 
7,8,9,10,11 


tAC02 
7,8,9,10,11 


tAS 
7,8,9,10,11 


tAH 
7,8,9,10,11 


-- 
~ 
_. --.'.. - 


of ~ 
'CYPRESS 


, 
SEMICONDUCTOR 


Features 


• 
High speed: 125 MHz 
conditional 
state 
control 


sequence 
generation 
- 
Multiple, 
concurrent 
processes 
- 
Multiway 
branch 
or join 
- 
Full input field decode 


• 
32 synchronous 
macrocells 


• 
Skew-controlled, 
OR output 


array 
- 
Outputs 
are sum of states 
like PLA 
- 
3 ns skew 


• 
Metastable 
hardened 
input 


registers 
- 
10 year MTBF 
metastable 
- 
Configurable 
as 0, 1 or 2 


stages 
- 
Clock enables 
on all input 
registers 


• 
8 to 12 inputs, 
10 to 14 outputs, 
1 clock 


• 
Programmable 
clock doubler 
and 


conditioner 
- 
'Squares 
up' input clock 


• 
Security 
fuse 


• 
Space saving 28 pin slim-line 
DIP 
package; 
also available 
in 


28 pin PLCC 


• 
Low power "L" 
versions 


- 
150 mA max at 125 MHz 


• 
UV -erasable 
and 


reprogram mabie 


• 
Programming 
and operation 


100% testable 


Product Characteristics 


The CY7C361 is a CMOS erasable, 
programmable 
logic device (EPLD) 


Ultra High Speed State 


Machine EPLD 


with very high speed sequencing 
and 
arbitration 
capabilities. 


Applications 
include: cache and I/O 


subsystem 
control for high speed mi- 
croprocessor 
based systems, control of 


high speed numeric processors, 
and 
control of asynchronous 
systems in- 
cluding dataflow organizations. 


An onboard 
clock doubler and condi- 
tioning circuit allows the device to op- 
erate at 125 MHz based on a 62.5 MHz 
•• 
input reference. The same circuit 
••• 
guards against asymmetric 
clock wave- 


forms and thus allows for the use of a 
clock with an imperfect duty cycle. The 
CY7C361 has two arrays which serve 
in function similar to the arrays in a 
PLA except that the registers are 
placed between the two arrays and the 
long feedback path of the PLA is elimi- 
nated. 


LCC, PLCC and 
HLCC Pinout 


Generic 
Ice mA al fMAX 
fMAX MHz 
Part 
lIS ns 
leD ns 


Number 
Com 
Com"L" 
Mil 
Mil"L" 
Com 
Mil 
Com 
Mil 
Com 
Mil 


CY7C361-125 
200 
ISO 
125.0 
2 
15 


CY7C361-IOO 
200 
150 
200 
150 
lOO.O 
]OO.O 
3 
3 
19 
19 


CY7C361-83 
ISO 
ISO 
83.3 
83.3 
5 
5 
23 
23 


CY7C361-66 
ISO 
ISO 
66.6 
66.6 
5 
5 
25 
25 


~~\m'NDUcrOR 
=:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;P:::;R:::;E:::;:::;L:::;I:::;M:::;I:::;N:::;A:::;:::;R:::;Y:::;:::;:::;:::;C:::;Y:::;:::;7:::;C:::;3=6._1 


Product Characteristics 
(Continued) 


In the CY7C361, 
the state information 
is contained 
in 32 
macrocells 
sandwiched 
between the input and output ar- 


rays. The current 
state information 
is fed back in time to 
keep up with the 125 MHz operating 
frequency. 


The output array performs an OR function over the state 
macrocell 
outputs. 
The signals from the output array are 
connected 
to 14 outputs; 
in addition 
they are connected 
to 
3 groups of input macrocells 
to act as clock enables. 


Input Macrocells 


The CY7C361 
has 12 input macrocells. 
Each macrocell 
can be configured 
to have 0, I or 2 registers in the path of 
the input data. In the configuration 
where there is no input 
register, the setup time requirement 
is largest. In the single 
register configuration, 
the setup time is less than half. The 
double register configuration 
is used for asynchronous 
in- 


puts. 


TO 
INPUT 


ARRAY 


Figure 1. Input Macrocell 


Input Register 
Enables 


The input macrocells 
are divided into 3 groups, each of 
which has a register clock enable signal coming from the 
output array. The purpose of the enable signal is to allow 
the inputs to be sampled at times controlled 
by the state of 
the device. 


There is one enable signal per group of input macrocells. 
The assignment 
of enable signal node numbers to input 


macrocell 
groups is as follows: 
Input Nodes 
Enable Node 


3,5,6,9 
29 
10,11,12,13 
30 
1,2,14,15 
31 


When the enable node is true, data is clocked into the regis- 
ters of the input macrocells 
on the rising edge of the inter- 


nal global clock. 


Metastable 
Immunity 


A high level of metastable 
immunity 
is afforded in the dou- 


ble register configuration. 
The CY7C361 input registers are 
of fast CMOS and resolve inputs in a minimal amount 
of 
time. With all inputs switching at the maximum 
frequency, 
one metastable 
event capable of violating the setup time 
window of the second input register occurs every 10 years. 
The probability 
offailure 
for the configured 
state machine 
is much lower than this calculation 
suggests, because there 
are more registers in the device and thus more decision 
time is allowed. No state machine failures due to metasta- 
ble phenomena 
will be observed if the maximum 
frequency 
and double register operating 
mode are used. 


The CY7C361 is thus a superior device for constructing 
state machines 
requiring arbitration. 


Input Array 


The input array has 41 condition 
decoders: one global reset 
decoder, 
8 local reset decoders, and 32 macrocell decoders. 


The array has 44 true/complement 
inputs or 88 inputs in 
total; for speed reasons, the feedback signals are folded. 


Folding or partitioning 
of the feedback part of the array 


reduces the number of inputs per decoder to 56. Because of 
the way the feedback signals are used, this array reduction 
has minimal impact on utility. 


The CY7C361 condition 
decoder is shown in Figure 2. In a 
conventional 
PLA or PAL device, only PRODUCT 
1 
would be present in the first array and the output and 
feedback would be encoded by a second programmable 
or 


fixed OR array. The speed of state machines made from 
these conventional 
devices is limited mainly by the feed- 


back path. 


PRO~UCTl 


OUTPUT 


PRODUCT 2 


Figure 2. Condition 
Decoder 


The condition 
decoder of the CY7C361 forms a product 
of 
a product 
and a sum over the input field. Since there is 


immediate 
feedback information 
in the input field, multi- 
way fork and join operations 
can be performed 
using this 


type of condition 
decoder. State transitions 
can be made in 


half the time because there is no "state encoding" 
delay. 


State Machine 
Macrocells 


CONDo 
DECODE 


STATE 
INPUT 


Figure 3. CY7C361 Macrocell 


The CY7C361 has 32 state macrocells. 
The state macro- 


cells each have a single condition 
decode and share a com- 


mon clock and global reset condition. 
For each 4 macrocell 
group there is a local reset condition. 


CIN 


Cl,CO ~ 0,1: START 


Figure 4. Start Configuration 
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There are 3 macrocell 
configurations, 
named START, 
TERMINATE 
and TOGGLE. 
The purpose of the START 


configuration 
is to create a "token" 
based on a condition 


decode. The purpose of the TERMINATE 
configuration 
is 


to capture a token and maintain 
it until a particular 
condi- 


tion is decoded, then terminate 
the token. The TOGGLE 


configuration 
is used to make counters. 


The start configuration 
creates a token at the leading edge 


of the condition 
decode or C_IN. 
The token is represent- 


ed by a true output on the macrocell 
register going to the 


output 
array and back as feedback to the input array. The 


CY7C361 consists of multiple machines or processes run- 
ning concurrently, 
each with zero, one or more tokens ac- 


tive at a given time. As the output field is independent, 
the 


programmed 
pattern 
in the two arrays is one to one trans- 


latable to microcode. 
The microcode 
is concurrent 
in oper- 


ation. 


In addition 
to the main register going to the array, there is 
an R-S latch in the feedback path. The purpose of the R-S 
latch is to convert the input condition 
to a pulse. 


In operation, 
the start macrocell starts from a reset condi- 


tion (array input = FALSE). 
When a condition 
decode 


"fires" or a token carries in (C_IN), 
the register output (Q 


going to array) goes true for exactly one cycle. The OR of 
the condition 
decode and the C_IN 
signal must go 
FALSE before the start configuration 
can "fire" again. 


Configuration 
bit C2 is used in all state macrocells 
to select 


C_IN 
to be active (C2 = 0) or inactive (C2 = I). 


For the topmost macrocell 
(N32), the C2 bit is used to 


specify a reset option. If the bit is '0', then for the cycle 
immediately 
following a reset, the C_IN 
for this macro- 


cell will be true. At all other times, or if the C2 bit is 'I', 
the C_IN 
signal will remain false. Note that this option 


facilitates efficient startup 
of state machines. 


C_IN 


CO,Cl ~ l,O:TERMINATE 


Figure 5. Terminate 
Configuration 


Figure 5 shows the terminate 
configuration 
which is used 


to maintain 
state tokens until a condition 
occurs. 


In operation, 
the terminate 
configuration 
"captures" 
a to- 


ken via C-IN 
and the OR gate. The condition 
decode is 
normally 
false or 0 so the token circulates 
and the register 


stays set. When the condition 
decode "fires", the register 


resets. 


The third configuration, 
TOGGLE, 
is for counting and 


signalling. 
If the condition 
decode or the C_IN 
signal is 
true, then the register will toggle. The TOGGLE 
configu- 


ration is intended 
to make counters and state machines 
with simple control 
requirements. 


CO,Cl = II:TOGGLE 
Figure 6. Toggle Configuration 


There is one local reset signal for each group of 4 macro- 
cells. The local reset condition 
decoders will only work 
with TOGGLE 
configurations. 


The Output Section 


There are 3 types of outputs: 
normal, bidirectional 
and 


Mealy. All 3 types can function as normal outputs, 
but two 


types-the 
bidirectional 
type and the Mealy type-can 
be 


used for other purposes. The bidirectional 
type can be used 


as an input and the Mealy type can be used as a fast combi- 
national output. 


The different types of output structures 
are shown in Fig- 


ure 7. Note that the only output 
type that has configura- 


tion information 
to be programmed 
is the Mealy type. 


~NOR~AL 
~OUTPUT 


Figure 7. Output Types 


A normal output signal from the device is a boolean sum of 
a subset of the macrocell outputs. 
The subset selection is 


programmed 
into the output array. The number of state 


machines in the device, and the output mappings 
of each 


are determined 
by the user. The architecture 
is thus "hori- 
zontally divisible" and offers advantages 
in coding efficien- 
cy and event response time over the non-divisible 
architec- 
tures found in most PLA and sequencer 
types. 


A normal output pin is low asserted. The output gate per- 
forms an OR function over the flip-flop outputs 
of the state 


macrocells. 
The OR function includes only the outputs 


which are programmably 
connected 
to the OR line in the 
output array. When none of the connected 
state macrocell 


flip-flops are in the true or set condition, 
the output 
is high. 


• 
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If any connected 
macrocell 
flip-flop is asserted (or true) 
then the OR gate function is true and the output 
pin is low. 


Forcing a false condition 
is easily accomplished 
by not con- 


necting any state macrocells 
to the OR line. To force a true 
condition, 
line 33 (labelled Vcd is included in the output 
array. Any OR line connected 
to line 33 will be permanent- 


ly true which will cause a normal output to be low. 


The bidirectional 
outputs are I/O pins which may be used 


as either inputs or outputs. 
Under state machine control, 
these pins may be tristated 
and used as inputs or outputs 
depending 
on how the OE term is programmed. 


Each bidirectional 
output 
has an OE or output enable con- 


trol and an associated 
input path to the first array. The OE 


control 
is an OR term from the output array which enables 
the output 
when the OR function is true. Thus, an OE 


which has its OR term connected 
to line 33 will turn the 


output on permanently. 


The Mealy outputs are designed to implement 
the fastest 


possible path between an input to the device and an output. 
Functions 
are available which combine the OR term and 
an input signal. These functions, 
XOR, AND, and OR, 


with true or negated assertion levels, are useful for data 
strobes and semaphore 
operations 
where signalling occurs 


depending 
on the state, but independent 
of a signal tran- 


sition. 


The AND and OR functions 
can be used to gate data 
strobe signals by the state. The XOR function can be used 
to implement 
2 cycle signalling, which is used in self-timed 
systems to minimize signalling delays. If these functions 
are not needed, then the Mealy outputs 
can be configured 
as normal outputs. 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, 
not tested.) 


Storage Temperature 
- 65'C to + 150'C 
Output Current 
into Outputs 
(Low) 
8 mA 


Ambient 
Temperature 
with 
UV Exposure 
7258 Wseclcm2 


Power Applied 
- 55'C to + 125'C 
Static Discharge 
Voltage 
> 2001 V 
Supply Voltage to Ground 
Potential 
(per MIL-STD-883, 
Method 
3015.2) 
(DIP Pins 7 or 22 to Pins 8, 21 or 23) 
-0.5V 
to + 7.0V 
Latchup 
Current 
> 200 mA 
DC Voltage Applied to Outputs 
in High Z State 
-0.5V 
to + 7.0V 
Operating Range 


DC Voltage Applied to Outputs 
During 
Programming 
O.OVto + 7.0V 


DC Input Voltage 
- 3.OV to + 7.0V 


DC Programming 
Voltage 
13.0V 


Range 
Ambient 
Vcc 
Temperature 


Commercial 
O'Cto 
+75'C 
5V ± 10% 


Military 
- 55'C to + 12S'C 
SV ± 10% 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., 
IOH = -4.0mA 
2.4 
V 
VIN = VIH or VIL 


VOL 
Output LOW Voltage 
Vcc = Min., 
IOL = 8.0mA 
0.4 
V 
VIN = VIH or VIL 


VIH 
Input HIGH Level 
Guaranteed HIGH Input, All Inputs!I] 
2.2 
V 


VIL 
Input LOW Level 
Guaranteed LOW Input, All Inputs[tl 
0.8 
V 


IIX 
Input Leakage Current 
VSS < VIN < VCC,Vce = Max. 
-10 
10 
p.A 


IOZ 
Output Leakage Current 
Vec = Max., VSS < VOUT < VCC 
-40 
40 
,u.A 


IsC 
Output Short Circuit Current 
Vec = Max., VOUT = 0.SV[21 
-30 
-110 
mA 


Commercial "L" 
150 
mA 
Vcc = Max., VtN = GND, 
Military"L" 
Ice 
Power Supply Current 
Outputs Open, 
Operating at [ = [MAX 
Commercial 
200 
mA 


Military 


Notes: 
I. These 
are absolute 
values 
with respect 
to device 
ground 
and all over· 
shoots 
due to system 
or tester noise 
are included. 
2. Not more than one output 
should 
be tested 
at a lime. 
Duration 
of the 
short circuit should not be more than one second. VOUT = O.5V hz.s 
been chosen 
to avoid 
test problems 
caused 
by tester ground 
degrada- 


tion. 


5nEM~~~ 
=============================P='R=E='L==IM==IN=="A=R=Y====C=Y=7=C=3=61 


Rl,481fi 
5VTl 


OUTPUT 


R2 
R2 
255fi 
I5 pF 
255fi 


5V 


OUTPUT 


30 pF 
Including JigI 


and Scope 
_ 


Figure 
8a 


Equivalent to: 
THEVENIN 
EQUIVALENT 


167fi 


OUTPUT~1.73V 


Commercial 
Military 


Parameters 
Description 
-125 
-100 
-83 
-66 
-100 
-83 
-66 
Units 


Min, 
Max, 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


tPDI[13] 
Input 
to Mealy 
2 
9 
2 
11 
2 
12 
2 
15 
2 
11 
2 
13 
2 
15 
ns 
Output 
Delay 


tPD2[14] 
Input 
to Mealy 
2 
8 
2 
10 
2 
11 
2 
14 
2 
10 
2 
12 
2 
14 
ns 
Output 
Delay 


tCOl [3,13) 
Clock 
to Output 
Delay 
5 
15 
5 
19 
5 
23 
5 
25 
5 
19 
5 
23 
5 
25 
ns 


tC02(3, 
14) 
Clock 
to Output 
Delay 
5 
14 
5 
18 
5 
22 
5 
24 
5 
18 
5 
22 
5 
24 
ns 


tCMI[3,13) 
Clock 
to Mealy 
5 
17 
5 
20 
5 
25 
5 
28 
5 
21 
5 
25 
5 
28 
ns 
Output 
Delay 


tCM2(3, 14] 
Clock 
to Mealy 
5 
16 
5 
19 
5 
24 
5 
27 
5 
20 
5 
24 
5 
27 
ns 
Output 
Delay 


tIS[3] 
Input 
Register 
2 
3 
5 
5 
3 
5 
5 
ns 
Input 
Set Up Time 


t!H[3] 
Input 
Register 
3 
4 
5 
5 
4 
5 
5 
ns 
Input 
Hold 
Time 


tS[3,4) 
State 
Register 
7 
9 
12 
14 
9 
12 
14 
ns 
Input 
Set Up Time 


tH[3,4] 
State 
Register 
0 
0 
0 
0 
0 
0 
0 
ns 
Input 
Hold 
Time 


tWH[6] 
Input 
Clock 
6 
7 
9 
11 
7 
9 
11 
ns 
Pulse 
WIdth 
HIGH 


tWL[6] 
Input 
Clock 
6 
7 
9 
11 
7 
9 
11 
ns 
Pulse 
Width 
LOW 


tSOI[3, II] 
Output 
Skew 
4 
5 
6 
6 
5 
6 
6 
ns 


tS02(3, 
12) 
Output 
Skew 
3 
4 
5 
5 
4 
5 
5 
ns 


tSMI[3, IS) 
Mealy 
Output 
Skew 
4 
5 
6 
6 
5 
6 
6 
ns 


tSM2[3,16] 
Mealy 
Output 
Skew 
3 
4 
5 
5 
4 
5 
5 
ns 


fMAX[S] 
Output 
Maximum 
125.0 
100.0 
83.3 
66.6 
100.0 
83.3 
66.6 
MHz 
Frequency 


tCER[3,7J 
Clock 
to Output 
16 
20 
22 
25 
20 
22 
25 
ns 
Disable 
Delay 


tCEA [3, 8, 9J Clock 
to Output 
16 
20 
22 
25 
20 
22 
25 
ns 
Enable 
Delay 


• 
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Notes: 
3. Minimum clock pulse width 8 os Commercial, 
10 os Military for 


measurement. Periodically sampled. 
4. Input register bypassed. 
5. Input clock frequency is 1/2 [MAXwhen clock doubler is used. 
6. The clock input is tested to accommodate a 60/40 duty cycle wave- 


form at the maximum frequency. 


7. Output reference point on AC measurements is 1.5V. except as noted 


in Figure 12: 


tCER( -) negative going is measured 
at VOH 
- O.5V. 


ICER(+) positive going is measured at VOL + O.5V. 


8. R 1 is disconnected for teEA( +) positive going (open circuited). (See 


Figu,es 
8a and 8bl. 
9. R2 is disconnected for tCEA(-) negative going (open circuited). (See 
Figu,es 
8a and 8b). 


10. Figure 8a test load is used for all parameters except tCEA and leER. 
Figure 
8b test load is used for tCEAand leER. 


11. This parameter specifies the maximum allowable tco clock to output 


delay difference, or skew, between any two outputs triggered by the 
same clock edge with all other device outputs changing state within 
the same clock cycle. 


12. This parameter specifies the maximum allowable tco clock to output 
delay difference, or skew, between any two outputs triggered by the 
same clock edge with only the two device outputs changing state 
within the same clock cycle. 
13. This specification is guaranteed for the worst case programmed pat- 


tern for which all device outputs are changing stale on a given acc;ess 
or clock cycle. 


14. This specification is guaranteed for two or fewer outputs changing 


state in a given access or clock cycle. 


15. This parameter specifies the maximum allowable tpo difference be- 


tween any two mealy outputs triggered by the same or simultaneous 
input signals with all other device outputs changing state within the 
same access or clock cycle. 
16. This parameter specifies the maximum allowable tpo difference be- 


tween any two mealy outputs triggered by the same or simultaneous 
input signals with only the two device outputs changing state within 
the given access cycle. 
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Parameters 
Vx 
Output Waveform-Measurement 
Level 


ICER(-) 
O.OV 
; 


VOH 


O.5V 
'+--- 
Vx 
0165-22 


ICER(+) 
2.6V 


t 


Vx 
O.5V 
rr-= 


VOL 


0165-23 


tCEA(+) 
O.OV 
VOH 
rr-- 
1.5V 
Vx 
0165-24 


ICEA(-) 
2.6V 
Vx 
'+--- 


1.5V 


VOL 
0165-25 


lee mA 
fMAXMHz 
Ordering Code 
Package 
Operating 
Type 
Range 


200 
125.0 
CY7C361-125PC 
P21 
Commercial 


CY7C361-125WC 
W22 


CY7C361-125JC 
J64 


CY7C361-125HC 
H64 


150 
125.0 
CY7C361L-125PC 
P21 
Commercial 


CY7C361L-125WC 
W22 


CY7C361L-125JC 
J64 


CY7C361L-125HC 
H64 


200 
100.0 
CY7C361-looPC 
P21 
Commercial 


CY7C361-looWC 
W22 


CY7C361-100JC 
J64 


CY7C361-looHC 
H64 


150 
100.0 
CY7C36IL-looPC 
P21 
Commercial 


CY7C36IL-looWC 
W22 


CY7C36IL-looJC 
J64 


CY7C36IL-looHC 
H64 


200 
100.0 
CY7C361-looWMB 
W22 
Military 


CY7C361-1ooDMB 
D22 


CY7C361-looQMB 
Q64 


CY7C361-looLMB 
L64 


CY7C361-looHMB 
H64 


150 
100.0 
CY7C36IL-looWMB 
W22 
Military 


CY7C36IL-IOODMB 
022 


CY7C36IL-lOOQMB 
Q64 


CY7C361 L-100LMB 
L64 


CY7C36IL-looHMB 
H64 


150 
83.3 
CY7C361 L-83PC 
P21 
Commercial 


CY7C36IL-83WC 
W22 


CY7C361 L-83JC 
J64 


CY7C36IL-83HC 
H64 


150 
83.3 
CY7C361 L-83WMB 
W22 
Military 


CY7C36IL-83DMB 
022 


CY7C36IL-83QMB 
Q64 


CY7C361 L-83LMB 
L64 


CY7C361 L-83HMB 
H64 


150 
66.6 
CY7C361 L-66PC 
P21 
Commercial 


CY7C36IL-66WC 
W22 


CY7C36IL-66JC 
J64 


CY7C361 L-66HC 
H64 


150 
66.6 
CY7C361 L-66WMB 
W22 
Military 


CY7C361 L-660MB 
022 


CY7C361 L-66QMB 
Q64 


CY7C361 L-66LMB 
L64 


CY7C361 L-6HMB 
H64 
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Introduction 


PLDs, 
or programmable 
logic devices, provide an attract- 


ive alternative 
to logic implemented 
with discrete devices. 


Cypress Semiconductor 
is in the enviable position of being 


able to offer PLDs in several different process technologies, 
thus assuring 
our customers 
of a wide range of options for 


leading-edge 
speed as well as very low power consumption. 


Cypress optimizes 
the mix of technology 
and device archi- 


tecture to insure that the programmable 
logic requirements 


of today's 
highest-performance 
electronics 
systems can be 


fully supported 
by a single PLD vendor. 


Cypress 
offers a wide variety of PLDs 
based on our lead- 


ing-edge 
CMOS 
EPROM 
process 
technology. 
This tech- 


nology 
facilitates 
the lowest power consumption 
and the 


highest 
logic density 
of any non-volatile 
PLD 
technology 
on the market 
today, 
at speeds that are nearly as fast as 


state-of-the-art 
BIPOLAR 
technology 
would provide. Fur- 


thermore, 
these devices offer the user the option of device 


erasure and reprogrammability 
in windowed 
packages. 
Cy- 


press also offers a number 
of PLDs 
based on our state-of- 


the-art 
BICMOS 
and 
BIPOLAR 
technologies. 
These 


PLDs 
are targeted 
at applications 
where power consump- 


tion and density 
are not as critical 
as leading-edge 
speed. 


Thus, 
Cypress 
offers solutions 
for state-of-the-art 
systems 


regardless 
of what the optimal 
balance 
is between 
speed, 
power, and density in any particular 
system. 


Programmable 
Technology 


EPROM 
Process Technology 


EPROM 
technology 
employs 
a floating 
or isolated 
gate 


between 
the normal 
control 
gate and the source/drain 
re- 


gion of a transistor. 
This gate may be charged 
with elec- 


trons 
during 
the 
programming 
operation, 
permanently 
turning 
off the transistor. 
The state of the floating 
gate, 


charged 
or uncharged, 
is permanent 
because 
the gate is 


isolated 
in an extremely 
pure oxide. The charge 
may be 


removed 
if the device is irradiated 
with ultraviolet 
energy 


in the form of light. This ultraviolet 
light allows the elec- 


trons on the gate to recombine 
and discharge 
the gate. This 


process is repeatable 
and therefore 
can be used during 
the 


processing 
of the device, repeatedly 
if necessary, 
to assure 


programming 
function 
and performance. 


Two Transistor 
Cells 


Cypress uses a two transistor 
EPROM 
cell. One transistor 


is optimized 
for reliable programming, 
and one transistor 
is 


optimized 
for high speed. The floating gates are connected 


such that charge 
injected 
on the floating gate of the pro- 


gramming 
transistor 
is conducted 
to the read transistor 
bi- 


asing it off. 


BIeMOS 
and BIPOLAR 
Process 


Technology 


In addition 
to CMOS, 
Cypress 
offers BICMOS 
TTL and 


BIPOLAR 
ECL I/O-compatible 
PLDs. The BICMOS 
de- 


vices offer the advantages 
of CMOS (high density and low 


power) 
and 
BIPOLAR 
(high speed). 
Both the BICMOS 


and BIPOLAR 
devices are one-time 
fuse programmable. 


The fuses are Ti- Wand 
are connected 
directly to first met- 


al. First metal is a reliable composite 
of Ti- Ti W-AISi- Ti to 


ensure excellent e1ectromigration 
resistance, 
eliminate 
con- 


tact spiking, and minimize 
hillocking. 


Programming 
Algorithm 
Byte Addressing and Programming 


Most Cypress 
Programmable 
Logic Devices are addressed 


and programmed 
on BYTE or EXTENDED 
BYTE basis 


where an EXTENDED 
BYTE is a field that is as wide as 


the output 
path 
of the device. 
Each 
device or family 
of 


devices has a unique address map which is available 
in the 


product 
data sheet. Each BYTE or EXTENDED 
BYTE is 


written into the addressed 
location from the pins that serve 


as the output 
pins in normal 
operation. 
To program 
a cell, 


a "I" 
or HIGH 
is placed on the input 
pin and a "0" 
or 


LOW is placed on pins corresponding 
to cells that are not 
• 
to be programmed. 
Data 
is also read from these pins in 


parallel 
for 
verification 
after 
programming. 
A 
"I" 
or 


HIGH 
during 
program 
verify operation 
indicates 
an un- 
programmed 
cell, while a "0" or LOW indicates 
that the 


cell accessed has been programmed. 


Blank Check 


Before 
programming, 
all 
Programmable 
Logic 
Devices 


may be checked 
in a conventional 
manner 
to determine 


that 
they have not been previously 
programmed. 
This is 


accomplished 
in a program 
verify mode of operation 
by 


reading the contents 
of the array. 
During 
this operation, 
a 
"I" 
or HIGH 
output 
indicates 
that the addressed 
cell is 


unprogrammed, 
while 
a "0" 
or LOW 
indicates 
a pro- 
grammed 
cell. 


Programming 
The Data Array 


Programming 
is accomplished 
by applying 
a supervoltage 


to one pin of the device causing 
it to enter 
the program- 


ming mode of operation. 
This also provides 
the program- 


ming voltage for the cells to be programmed. 
In this mode 


of operation 
(except for the CY7C361), 
the address lines of 


the device are used to address 
each 
location 
to be pro- 
grammed, 
and the data is presented 
on the pins normally 


used for reading the contents 
of the device. Each device has 


a READ/WRITE 
pin in the programming 
mode. This sig- 


nal causes a write operation 
when switched 
to a supervolt- 
age, and a read operation 
when switched 
to a logic "0" or 


LOW. In the logic HIGH 
state" 
I" the device is in a pro- 
gram inhibit 
condition 
and the output 
pins are in a high 


impedance 
state. During 
a WRITE 
operation, 
the data on 


the output 
pins is written into the addressed 
array location. 


In a READ 
operation 
the contents 
of the addressed 
loca- 


tion are present 
on the output 
pins and may be verified. 


Programming 
therefore 
is accomplished 
by placing data on 


the output 
pins, and writing it into the addressed 
location. 


Verification 
of data is accomplished 
by examining 
the in- 
formation 
on the output 
pins during 
a READ 
operation. 


The 
timing 
for actual 
programming 
is supplied 
in the 


unique programming 
specification 
for each device. 
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Phantom 
Operating 
Modes 


All 
Cypress 
Programmable 
Logic 
Devices 
contain 
a 
PHANTOM 
ARRAY 
for post assembly 
testing. 
This ar- 


ray 
is accessed, 
programmed 
and 
operated 
in a special 


PHANTOM 
mode of operation. 
In this mode, the normal 


array 
is disconnected 
from control 
of the logic, and in its 


place the PHANTOM 
ARRAY 
is connected. 
In normal 


operation 
the PHANTOM 
ARRAY 
is disconnected 
and 


control 
is only via the normal 
array. 
This special feature 


allows every device to be tested for both functionality 
and 


performance 
after 
packaging 
and, 
if desired, 
by the user 


before programming 
and use. The PHANTOM 
modes are 


entered through 
the use of supervoltages 
and are unique for 


each device or family of devices. See specific data sheets for 
details. 


Special Features 


Cypress 
Programmable 
Logic 
devices, 
depending 
on the 
device, have several special features. 
For example the secu- 


rity mechanism 
defeats the verify operation 
and therefore 


secures 
the 
contents 
of the 
device 
against 
unauthorized 


tampering 
or access. In advanced 
devices such as the PAL 
C 22VIO, PLD C 20GIO, and the CY7C330 
the MACRO- 


CELLs 
are programmable 
through 
the use of the architec- 


ture bits. This allows the user to more effectively tailor the 
device 
architecture 
to 
his 
unique 
system 
requirements. 
These 
features 
are also programmed 
through 
the use of 
EPROM 
cells. Specific programming 
is detailed 
in the de- 


vice data sheet. 


Programming 
Support 


Programming 
support 
for Cypress 
CMOS 
Programmable 
Logic Devices is available 
from a number 
of programmer 


manufacturers, 
some of which are listed as follows. They 
can be contacted 
directly 
for information 
regarding 
pro- 


gramming 
support 
of Cypress 
devices. 
Alternatively, 
all 


Cypress 
sales representatives 
and distributors 
have access 
to this information. 


Data I/O 
Corporation 
10525 Willows Rd. N.E. 
P.O. Box 97046 
Redmond, 
WA 


98073-9746 
(206) 881-6444 


ABELTM is a trademark 
of Data 
110 Corporation. 


CUPLTM is a trademark 
of Assisted 
Technology. 


ISDA TA is> is a registered 
trademark 
of ISDA TA GmbH. 


LOG/iCTM 
is a trademark 
of ISDA TA GmbH. 


Stag Microsystems 
1600 Wyatt 
Dr. 


Santa Clara, CA 95054 
(408) 988-1118 
STAG ZL32 Rev. 30A03 


Cypress Semiconductor 
Inc. 
3901 North 
First Street 


San Jose, CA 95134 
(408) 943-2600 


Digelec Corporation 
1602 Lawrence 
Ave. 


Suite 113 
Ocean, NJ 07712 
(201) 493-2420 


Logical Devices Inc. 
1201 N.W. 65th Place 
Ft. Lauderdale, 
FL 33309 
(305) 974-0975 


Kontron 
Electronics 


1230 Charleston 
Road 
Mountain 
View, CA 


94039-7230 
(415) 965-7020 


Third Party 
Development 
Software 


ABELTM 
Data I/O 
Corporation 


10525 Willows Rd. N.E. 
P.O. Box 97046 
Redmond, 
WA 
98073-9746 
(206) 881-6444 


CUPLTM 
Logical Devices Inc. 
1201 N.W. 65th Place 
Ft. Lauderdale, 
FL 33309 
(305) 974-0975 


LOG/iCTM 
ISDATA 
GmbH 


Haid-und-Neu-Strasse 
7 
D-75oo Karlsruhe 
I West Germany 
(0721) 69 3092 


PRODUCT 
• 
INFORMATION 


STATIC RAMS 
• 


PROMS 
• 


EPLDS 
•• 


LOGIC 
• 


RISC 
• 


MODULES 
• 


ECL 
-- 


BUS INTERFACE PRODUCTS 
-D 


MILITARY 
- 


DESIGN AND 
&I 
PROGRAMMING TOOLS 


QUALITY AND 
=&II 
RELIABILITY 


PACKAGES 
- 


Device Number 
CY3341 
CY7C401 
CY7C402 
CY7C403 
CY7C404 
CY7C408A 
CY7C409A 
CY7C420 
CY7C421 
CY7C424 
CY7C425 
CY7C428 
CY7C429 
CY7C432 
CY7C433 
CY7C439 
CY7C441 
CY7C443 
CY7C451 
CY7C453 
CY7C460 
CY7C462 
CY7C464 
CY7C470 
CY7C472 
CY7C474 
CYM4210 
CYM4220 
CYM4241 


Description 
64 x 4 Serial Memory FIFO 
.. 
. 
5-1 
64 x 4 Cascadeable FIFO 
. 
5-6 


64 x 5 Cascadeable FIFO 
5-6 


64 x 4 Cascadeable FIFO with Output Enable 
5-6 


64 x 5 Cascadeable FIFO with Output Enable 
5-6 


64 x 8 Cascadeable FIFO 
. 
5-16 


64 x 9 Cascadeable FIFO 
5-16 


512 x 9 Cascadeable FIFO 
5-30 


512 x 9 Cascade able FIFO 
5-30 


1024 x 9 Cascadeable FIFO 
5-30 


1024 x 9 Cascadeable FIFO 
5-30 


2048 x 9 Cascadeable FIFO 
5-30 


2048 x 9 Cascadeable FIFO 
5-30 


4096 x 9 Cascadeable FIFO 
5-45 


4096 x 9 Cascadeable FIFO 
5-45 


2048 x 9 Bidirectional FIFO 
5-58 
• 


512 x 9 Synchronous FIFO 
5-70 


2K x 9 Synchronous FIFO 
. 
5-70 


512 x 9 Cascadeable Clocked FIFO 
5-83 


2K x 9 Cascadeable Clocked FIFO 
5-83 


8K x 9 Cascadeable FIFO 
5-104 


16K x 9 Cascadeable FIFO 
5-104 


32K x 9 Cascadeable FIFO 
5-104 


8K x 9 FIFO 
5-116 


16K x 9 FIFO 
5-116 


32K x 9 FIFO 
5-116 


Cascadeable 8K x 9 FIFO 
5-128 


Cascade able 16K x 9 FIFO. 
. . . . . . . . . . . . . . . . . . . . . .. . . 
.. 
5-128 


64K x 9 FIFO 
5-129 


-- 
~ 
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Features 


• 
1.212 MHz 
data rate 


• 
Fully ITL 
compatible 


• 
Independent 
asynchronous 
inputs 


and outputs 


• 
Direct 
replacement 
for PMOS 
3341 


• 
Expandable 
in word length and 
width 


• 
CMOS 
for optimum 
speed/ 


power 


• 
Capable 
of withstanding 
greater 
than 2000V electrostatic 
discharge 


Functional 
Description 


The 3341 is a 64-word x 4-bit First-In 
First-Out 
(FIFO) 
Serial Memory. The 
inputs and outputs 
are completely 
inde- 


pendent 
(no common 
clocks) making 


the 3341 ideal for asynchronous 
buffer 


applications. 


Control 
signals are provided for both 


vertical and horizontal 
expansion. 


The 3341 is manufactured 
using Cy- 
press CMOS technology 
and is avail- 


able in both ceramic and plastic pack- 
ages. 


Data Input 


The four bits of data on the Do through 
D3 inputs are entered into the first lo- 
cation when both Input Ready (lR) 
and Shift In (SI) are HIGH. 
This caus- 
es IR to go LOW but data will stay 
locked in the first bit location until 
both IR and SI are LOW. Then data 
will propagate 
to the second bit loca- 
tion, provided the location is empty. 
When data is transferred, 
IR will go 
HIGH 
indicating 
that the device is 
ready to accept new data. If the memo- 
ry is full, IR will stay LOW. 


Data Transfer 


Once data is entered into the second 
cell, the transfer of any full cell to the 
adjacent (downstream) 
empty cell is 
automatic, 
activated 
by an on-chip con- 
trol. Thus, data will stack up at the end 
of the device while empty locations will 
"bubble" 
to the front. tBT defines the 
time required for the first data to travel 
from the input to the output of a previ- 
ously empty device, or for the first 
empty space to travel from the output 
to the input of a previously full device. 


Data Output 


When data has been transferred 
into 


the last cell, Output 
Ready (OR) goes 


HIGH, 
indicating 
the presence of valid 


data at the output 
pins Qo through 
Q3· 
The transfer of data is initiated 
when 
both the Output 
Ready output 
from 
the device and the Shift Out (SO) input 
to the device are HIGH. 
This causes 


OR to go LOW; output 
data, however, 


is maintained 
until both OR and SO 


are LOW. Then the content of the adja- 
cent (upstream) 
cell (provided 
it is full) 


will be transferred 
into the last cell, 


causing OR to go HIGH 
again. If the 


memory has been emptied, OR will 
stay LOW. 


Input Ready and Output 
Ready may 


also be used as status signals indicating 
• 
that the FIFO is completely 
full (Input 


Ready stays LOW for at least tBT) or 
completely 
empty (Output 
Ready stays 


LOW for at least tBT). 


Reset 


When Master Reset (MR) goes LOW, 
the control logic is cleared, and the 
data outputs 
enter a LOW state. When 
MR returns HIGH, 
Output 
Ready 


(OR) stays LOW, and Input Ready 
(lR) goes HIGH 
if Shift In (SI) was 


LOW. 


3341 
3341-2 


Maximum Operating Frequency 
1.2 MHz 
2.0 MHz 


Maximum Operating 
Commercial 
45 
45 
Current (mA) 
Military 
60 
60 


~ 
CY33,U 
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Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65°C 
to + 150°C 
Static Discharge 
Voltage 
>200IV 


Ambient 
Temperature 
with 
(per MIL-STD-883 
Method 
3015) 
Power Applied 
- 55"C to + 125°C 
Latchup 
Current 
> 200 nA 


Supply Voltage to Ground 
Potential 


(Pin 16 to Pin 8) 
-0.5V 
to + 7.0V 


DC Voltage Applied to Outputs 
in High ZState 
-0.5Vto 
+7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


Output 
Current, 
into Outputs 
(Low) 
20 mA 


Range 
Ambient 
VSS 
VDD 
VG 
Temperature 


Commercial 
O°Cto + 70°C 
5V ± 10% 
GND 
N 


Military!3] 
- 55°C to + 125°C 
5V ± 10% 
GND 
N< 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vss = Min., IOH = -0.3 
mA 
2.4 
V 


VOL 
Output LOW Voltage 
VSS = Min., IOL = 1.6 mA 
0.4 
V 


VIH 
Input HIGH Voltage 
2.0 
Vss 
V 


VIL 
Input LOW Voltage 
-3.0 
0.8 
V 


IIX 
Input Leakage Current 
Voo"; 
VI ,,; Vss 
-10 
+10 
I-'A 


los 
Output Short 
VSS = Max., VOUT = Yoo 
-90 
mA 
Circuit Currentlll 


100 
Power Supply Current 
Yss = Max., 
I 
Commercial 
45 
mA 
lOUT = OmA 
I 
Military 
60 


100 
VooCurrent 
, 
0 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25°C, f = I MHz 
7 
pF 
COUT 
Output Capacitance 
Vss = 5.0V 
10 


Notes: 
1. Not 
more than 
1 output 
should 
be shorted 
at one time. 
Duration 
of 
the short 
circuit 
should 
not exceed 
30 seconds. 
2. Tested 
initially 
and after any design 
or process 
changes 
that may 


affect 
these 
parameters. 


3. TA is the "instant 
on" case temperature. 


4. See the last page of this specification 
for Group 
A subgroup 
testing 


information. 


30 pFI 
INCLUDING 
JIG 
AND 
-=- 
SCOPE 
-=- 
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Switching Characteristics 
Over the Operating 
Range[4, 5] 


Parameters 
Description 
Test 
3341 
3341-2 
Units 
Conditions 
Min. 
Max. 
Min. 
Max. 


fMAX 
Operating Frequency 
Note 6 
1.2 
2 
MHz 


tPHSI 
SI HIGH Time 
80 
80 
ns 


tPLSI 
SI LOW Time 
80 
80 
ns 


too 
Data Setup to SI 
0 
0 
ns 


tHSI 
Data Hold from SI 
200 
100 
ns 


tIR+ 
Delay, SI HIGH to IR LOW 
20 
350 
20 
160 
ns 


tIR- 
Delay, SI LOW to IR HIGH 
20 
450 
20 
200 
ns 


tPHSO 
SO HIGH Time 
80 
80 
ns 


tPLSO 
SO LOW Time 
80 
80 
ns 


tOR+ 
Delay, SO HIGH to OR LOW 
20 
370 
20 
160 
ns 


tOR- 
Delay, SO LOW to OR HIGH 
20 
450 
20 
200 
ns 


tOA 
Data Setup to OR HIGH 
0 
0 
ns 


tOH 
Data Hold from OR LOW 
75 
20 
ns 


taT 
Bubble through Time 
1000 
500 
os 


tMRW 
MR Pulse Width 
400 
200 
os 


tOSI 
MR HIGH to SI HIGH 
30 
30 
os 


tOOR 
MR LOW to OR LOW 
400 
200 
os 


tOIR 
MR LOW to IR HIGH 
400 
200 
os 


Notes: 
5. Test conditions assume signal transitions of 10 ns or less. Timing 


reference levels of 1.5V and output loading of the specified IOr/loH 
and 30 pF load capacitance. 


Switching Waveforms 


Data In Timing Diagram 


;N; 'HSO=?===:, 


DATA INPUT 
~ 
XXXXXXXX 
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Switching Waveforms 
(Continued) 


Master 
Reset Timing Diagram 


tMRW 
. 


) 
I 
J 


tCIR 


J 


toOR 


\ 
. 
tOSI 


SHIFT 
IN 
) 
---- 


Ordering Code 
Package 
Operating 
(l.2MHz) 
Type 
Range 


CY3341PC 
PI 
Commercial 
CY334IDC 
02 


CY334IDMB 
02 
Military 


Ordering Code 
Package 
Operating 
(2 MHz) 
Type 
Range 


CY3341-2PC 
PI 
Commercial 
CY3341-20C 
02 


CY3341-20MB 
02 
Military 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


CY3341 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL Max. 
1,2,3 


IIX 
1,2,3 


Ioo 
1,2,3 


Parameters 
Subgroups 


fMAX 
7,8,9,10,11 


IPHSI 
7,8,9,10,11 


IPLSI 
7,8,9,10,11 


100 
7,8,9,10,11 


IHSI 
7,8,9,10,11 


tIR+ 
7,8,9,10,11 


lIR- 
7,8,9,10,11 


IPHSO 
7,8,9,10,11 


IPLSO 
7,8,9,10,11 


IOR+ 
7,8,9,10,11 


IOR- 
7,8,9,10,11 


IDA 
7,8,9,10,11 


IOH 
7,8,9,10,11 


1ST 
7,8,9,10,11 


IMRW 
7,8,9,10,11 


IOSI 
7,8,9,10,11 


IOOR 
7,8,9,10,11 


lDiR 
7,8,9,10,11 


• 
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Features 


• 
64 x 4 (CY7C401 
and CY7C403) 
64 x 5 (CY7C402 
and CY7C404) 
High speed first-in 
first-out 
memory 
(FIFO) 


• 
Processed 
with high-speed 
CMOS 
for optimum 
speed/power 


• 
25 MHz 
data rates 


• 
50 ns bubble-through 
time- 


25 MHz 


• 
Expandable 
in word width 
and/or 
length 


• 
5 volt power supply 
± 10% 


tolerance 
both commercial 
and 
military 


• 
Independent 
asynchronous 
inputs 
and outputs 


• 
ITL 
compatible 
interface 


• 
Output 
enable function 
available 
on CY7C403 
and CY7C404 


• 
Capable 
of withstanding 
greater 
than 2001 V electrostatic 
discharge 


Cascadeable 64 X 4 FIFO and 
64 x 5 FIFO 


• 
Pin compatible 
with MMI 
67401A/67402A 


Functional 
Description 


The CY7C401 and CY7C403 are asyn- 
chronous 
first-in first-out memories 
(FIFOs) 
organized 
as 64 four bit 
words. The CY7C402 and CY7C404 
are similar FIFOs 
organized 
as 64 five 
bit words. Both the CY7C403 and 
CY7C404 have an Output 
Enable (OE) 
function. 


The devices accept 4/5 bit words at the 
data input (DIo-DIn) 
under the con- 
trol of the Shift In (SI) input. The 
stored words stack up at the output 
(DOO-DOn) 
in the order they were en- 
tered. A read command 
on the Shift 
Out (SO) input causes the next to last 
word to move to the output and all 
data shifts down once in the stack. The 
Input Ready (IR) signal acts as a flag 
to indicate when the input is ready to 
accept new data (HIGH), 
to indicate 
when the FIFO is full (LOW), and to 
provide a signal for cascading. 
The 


Output 
Ready (OR) signal is a flag 10 


indicate the output contains 
valid data 


(HIGH), 
to indicate the FIFO is empty 
(LOW), and to provide a signal for cas- 
cading. 


Parallel expansion 
for wider words is 


accomplished 
by logically ANDing 
the 


Input Ready (IR) and Output 
Ready 


(OR) signals to form composite 
signals. 


Serial expansion 
is accomplished 
by ty- 
ing the data inputs of one device to the 
data outputs 
of the previous device. 


The Input Ready (IR) pin of the receiv- 
ing device is connected 
to the Shift Out 


(SO) pin of the sending device. and the 
Output 
Ready (OR) pin of the sending 


device is connected 
to the Shift In (SI) 


pin of the receiving device. 


Reading and writing operations 
are 


completely 
asynchronous. 
allowing the 


FIFO to be used as a buffer between 
two digital machines of widely differing 
operating 
frequencies. 
The 25 MHz op- 
eration makes these FIFOs 
ideal for 


high speed communication 
and con- 


troller applications. 


Pin Configurations 


CV7C401 
NC 
Vee 
CY7C402 
NC 
Vee 
CY7C40J 5E 
CY7C404 
DE 
IR 
so 
IR 
so 


1m, 
51 
OR 
Sl 
OR 


010 
000 
010 
000 


01, 
DO, 
01, 
DO, 


000 
01, 
DO, 
01, 
DO, 
DO, 
DO, 
01, 
DO, 
01, 
00, 
DO] 


MR 
(DO••) 
GND 
014 
004 


0014-2 
GND 
MR 


SO 
I~'u 
0014-3 


OR 
~ !! ~ >u~ 
0, u 
, 2 ~J20 
19 
~ !! ~ >u~ 


0014-1 
51 
4 
IS 
Ne 


.3 2 t~J20 19 
"0 
5 
7C401 
17 
OR 
01, • 
,. 
000 
51 
4 
,. 
OR 
7C403 
"0 
17 
000 
"', 
7 
15 
00, 
7C402 


NC • 
'4 
00, 
", 
7C404 ,. 
00, 


9 
10111213 
01, 
15 
00, 


01, 
14 
00, 


o"l~I~g"'~ 
0014-16 


9 
10111213 


o·~\~ g"'~ 
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7C40112-S 
7C40X-IO 
7C40X-lS 
7C40X-2S 


Maximum 
Shift Rate (MHz) 
5 
10 
15 
25 


Maximum 
Operating 
Commercial 
75 
75 
75 
75 
Current 
(mA) 
Military 
- 
90 
90 
90 


~CfPFESS 
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Maximum Ratings 
(Above which the useful life may be impaired. 
For user guideline" 
not tested.) 


Storage Temperature 
. 
- 6SOCto + 150'C 
Static Discharge 
Voltage 
> 2001 V 
Ambient 
Temperature 
with 
(per MIL-STD-883 
Method 
3015) 


Power Applied 
- 55'C to + 125'C 
Latch-up 
Current 
> 200 mA 


Supply Voltage to Ground 
Potential 
-0.5V 
to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


Power Dissipation 
1.0W 


Output 
Current, 
into Outputs 
(Low) 
20 mA 


Range 
Ambient 
VCC 
Temperature 


Commercial 
O'C to +70'C 
5V ± 10% 


Military[3) 
- 55'C to + l25'C 
5V ± 10% 


Parameters 
Description 
Test Conditions 


7C40X-I0, 15, 25 


Units 


Min. 
Max. 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = -4.0 
mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
V 


VIH 
Input HIGH Voltage 
2.0 
6.0 
V 


VIL 
Input LOW Voltage 
-3.0 
0.8 
V 


IIX 
Input Leakage Current 
GND ~ VI ~ Vee 
-10 
+10 
/-LA 


VeD(l) 
Input Diode Clamp Voltage[I] 


Ioz 
Output Leakage Current 
GND ~ VOUT ~ Vee, Vee = 5.5V 
-50 
+50 
/-LA 
Output Disabled (CY7C403 and CY7C404) 


Ios 
Output Short Circuit Current(2] 
Vee = Max., VOUT = GND 
-90 
mA 


Vee = Max., 
I Commercial 
75 
mA 
Ice 
Power Supply Current 
lOUT = OmA 
I Military 
90 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25'C, f = I MHz 
5 


COUT 
Output Capacitance 
Vee = 4.5V 
7 


pF 


Notes: 
I. The CMOS process does not provide a clamp diode. However, the 
FIFO is insensitive to - 3V de input levels and - 5V undershoot 
pulses of less than to os (measured at 500/0 point). 
2. For test purposes. not more than one output at a time should be 


shorted. Short circuit test duration should not exceed 30 seconds. 


3. TA is the "instant on" case temperature. 
4. See the last page of this specification for Group A subgroup testing 


information. 
5. Tested initially and after any design or process changes that may 


affect these parameters. 


CY7C401lCY7C403 
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Test 
7C401·5 
7C40X·I0 
7C40X·15 
7C40X.25 [121 
Parameters 
Description 
Conditions 
7C402·5 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


fo 
Operating Frequency 
Note 7 
5 
10 
15 
25 
MHz 


tPHSI 
SIHIGHTime 
20 
20 
20 
II 
ns 


tpLSl 
SILOWTime 
45 
30 
25 
20 
ns 


tSSI 
Data Setup to SI 
Note 8 
0 
0 
0 
0 
ns 


tHSI 
Data Hold from SI 
Note 8 
60 
40 
30 
20 
ns 


tOUR 
Delay, SI HIGH to IR LOW 
75 
40 
35 
21122 
ns 


tOHIR 
Delay, SI LOW to IR HIGH 
75 
45 
40 
28/30 
ns 


tPHSO 
SO HIGH Time 
20 
20 
20 
II 
ns 


tPLSO 
SO LOW Time 
45 
25 
25 
20 
ns 


tOLOR 
Delay, SO HIGH to OR LOW 
75 
40 
35 
19/21 
ns 


tOHOR 
Delay, SO LOW to OR HIGH 
80 
55 
40 
34/37 
ns 


tSOR 
Data Setup to OR HIGH 
0 
0 
0 
0 
ns 


tHSO 
Data Hold from SO LOW 
5 
5 
5 
5 
ns 


tBT 
Bubble through Time 
200 
10 
95 
10 
65 
10 
50/60 
ns 


tSIR 
Data Setup to IR 
Note 9 
5 
5 
5 
5 
ns 


tHIR 
Data Hold from IR 
Note 9 
30 
30 
30 
20 
ns 


tPIR 
Input Ready Pulse HIGH 
20 
20 
20 
15 
ns 


tPOR 
Output Ready Pulse HIGH 
20 
20 
20 
15 
ns 


tPMR 
MR Pulse Width 
40 
30 
25 
25 
ns 


tOSI 
MR HIGH to SI HIGH 
40 
35 
25 
10 
ns 


tOOR 
MR LOW to OR LOW 
85 
40 
35 
35 
ns 


tDiR 
MR LOW to IR HIGH 
85 
40 
35 
35 
ns 


tLZMR 
MR LOW to Output LOW 
Note 10 
50 
40 
35 
25 
ns 


tOOE 
Output Valid from OE LOW 
- 
35 
30 
20 
ns 


tHZOE 
Output HIGH-Z from OE HIGH 
Note II 
- 
30 
25 
15 
ns 


Notes: 


6. Test conditions 
assume 
signal 
transition 
time of 5 os or less, timing 
reference levels of I.5V and output loading of the specified 10VlOH 
and 30 pF load capacitance, 
as in Figure la. 


7. IIfo > tPHSI + tOHIR, IIfo > tPHSO + tOHOR 
8. 1551 and IHSI apply 
when 
memory 
is not full. 


9. tSIR and tHIR apply 
when 
memory 
is full, 51 is high and minimum 


bubble through (tBT) conditions exist. 


10. All data outputs 
will be at LOW 
level after reset goes 
high until dala 


is entered 
into the FIFO. 


II. 
HIGH-Z 
transitions 
8re referenced 
to the steady-state 
VOH - 500 


mV and VOL + 500 mV levels on the output. 
tHZOE is tested 
with 5 


pF load capacitance 
as in Figure lb. 


12. Commercial/Military 


~CWRESS 
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Operational 
Description 


CONCEPT 


Unlike traditional 
FIFOs 
these devices are designed using a 
dual port memory, 
read and write pointer, and control log- 


ic. The read and write pointers are incremented 
by the 


Shift Out (SO) and Shift In (SI) respectively. 
The availabil- 


ity of an empty space to shift in data is indicated 
by the 
Input Ready (IR) signal, while the presence of data at the 
output 
is indicated 
by the Output 
Ready (OR) signal. The 


conventional 
concept of bubble through 
is absent. Instead, 
the delay for input data to appear at the output is the time 
required 
to move a pointer and propagate 
an Output 
Ready 
(OR) signal. The Output 
Enable (OE) signal provides the 


capability 
to OR tie multiple FIFOs 
together 
on a common 


bus. 


RESETTING 
THE FIFO 


Upon power up, the FIFO must be reset with a Master 
Reset (MR) signal. This causes the FIFO to enter an empty 
condition 
signified by the Output 
Ready (OR) signal being 


LOW at the same time the Input Ready (IR) signal is 
HIGH. 
In this condition, 
the data outputs 
DOo-DOn) 
will 


be in a LOW state. 


SHIFTING 
DATA IN 


Data is shifted in on the rising edge of the Shift In (SI) 
signal. This loads input data into the first word location of 
the FIFO. On the falling edge of the Shift In (SI) signal, 
the write pointer is moved to the next word position and 
the Input Ready (IR) signal goes HIGH 
indicating 
the 


readiness to accept new data. If the FIFO is full, the Input 
Ready (IR) will remain LOW until a word of data is shift- 
ed out. 


SHIFTING 
DATA OUT 


Data is shifted out of the FIFO on the falling edge of the 
Shift Out (SO) signal. This causes the internal 
read pointer 


to be advanced 
to the next word location. 
If data is present, 
valid data will appear on the outputs and the Output 
Ready (OR) signal will go HIGH. 
If data is not present, 
the Output 
Ready (OR) signal will stay LOW indicating 


the FIFO is empty. Upon the rising edge of Shift Out (SO), 
the Output 
Ready (OR) signal goes LOW. The data out- 


puts of the FIFO should be sampled with edge sensitive 
type D flip-flop (or equivalent), 
using the SO signal as the 


clock input to the flip-flop. 


BUBBLE 
THROUGH 


Two bubble through 
conditions 
exist. The first is when the 


device is empty. After a word is shifted into an empty de- 
vice, the data propagates 
to the output. 
After a delay, the 


Output 
Ready (OR) flag goes HIGH 
indicating 
valid data 


at the output. 


The second bubble through 
condition 
occurs when the de- 


vice is full. Shifting data out creates an empty location 
which propagates 
to the input. After a delay, the Input 
Ready (IR) flag goes HIGH. 
If the Shift In (SI) signal is 
HIGH 
at this time, data on the input will be shifted in. 


APPLICATION 
OF THE 7C403-25/7C404-25 


AT 25 MHz 


Application 
of the CY7C403 or CY7C404 Cypress CMOS 


FIFO's 
requires attention 
to characteristics 
not easily spec- 


ified in a Datasheet, 
but necessary for reliable operation 
under all conditions. 


When an empty FIFO is filled with initial information, 
at 


maximum 
"shift in" SI frequency, 
followed by immediate 
shifting out of the data also at maximum 
"shift out" SO 


frequency, 
the designer must be aware of a window of time 


which follows the initial rising edge of the "output 
Ready" 


OR signal during which the SO signal is not recoginized. 
This condition 
exists only at high speed operation 
where 


more than one SO may be generated 
inside the prohibited 


window. This condition 
does not inhibit the operation 
of 


the FIFO at full frequency 
operation, 
but rather delays the 


full 25 MHz operation 
until after the window has passed. 


There are several implementation 
techniques 
to manage the 


window so that all SO signals are recognized: 


l. The 
first involves 
delaying 
SO operation 
such 
that 
it 


does not occur in the critical 
window. 
This can be ac- 


complished 
by causing a fixed delay of 40 ns "initiated 


by the SI signal only when the FIFO is empty" 
to inhibit 
5 


or gate the SO activity. 
This however 
requires 
that the 


SO operation 
at least temporarily 
be synchronized 
with 


the input SI operation. 
In synchronous 
applications 
this 


may well be possible and a valid solution. 


2. Another 
solution 
not uncommon 
in synchronous 
appli- 
cations 
is to only begin shifting 
data 
out of the FIFO 


when it is greater than half full. This is a common 
meth- 
od of FIFO 
application, 
as earlier 
FIFOs 
could not be 


operated 
at maximum 
frequency 
when near full or emp- 


ty. Although 
Cypress FIFOs do not have this limitation, 


any system designed 
in this manner 
will not encounter 


the window condition 
described 
above. 


3. The window may also be managed 
by not allowing 
the 


first SO signal to occur until the window in question has 
passed. 
This can be accomplished 
by delaying 
the SO 


40 ns from 
the rising 
edge of the initial 
OR 
"output 


ready" 
signal. 
This 
however 
involves 
the requirement 


that this only occurs on the first occurance 
of data being 


loaded 
into 
the 
FIFO 
from 
an empty 
condition 
and 


therefore 
requires 
the knowledge 
of "input 
ready" 
IR 


and SI conditions 
as well as SO. 


4. Handshaking 
with the OR signal can be a third method 


of avoiding the window in question. 
With this technique 


the rising edge of SO, or the fact that the SO signal is 
HIGH, 
will cause the OR signal to go LOW. The SO 
signal 
is not 
taken 
low again, 
advancing 
the 
internal 
pointer to the next data, until the OR signal goes LOW. 
This assures 
that 
the SO pulse that 
is initiated 
in the 


window will be automatically 
extended 
sufficient time to 


be recognized. 


5. There remains the decision as to what signal will be used 


to latch the data from the output 
of the FIFO 
into the 


receiving 
source. 
The leading 
edge of the SO signal is 


most appropriate 
because data is guaranteed 
to be stable 


prior to and after the SO leading edge for each FIFO. 
This is a solution 
for any number 
of FIFOs 
in parallel. 


Any of the above solutions will provide a solution for cor- 
rect operation 
of a Cypress FIFO at 25 MHz. The specific 


implementation 
is left to the designer and dependent 
on the 


specific application 
needs. 
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Switching Waveforms 


Data In Timing Diagram 
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Switching Waveforms (Continued) 


Bubble Through, Data In To Data Out Diagram 
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128 x 4 Application 
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FIFOs are expandable in depth and width. However, in forming wider words two external gates are required to generate composite Input and Output 
Ready flags. This need is due to the variation of delays of the FIFOs. 


User Notes: 
l. When the memory is empty the last word read will remain on the 
outputs until the master reset is strobed or a new data word bubbles 
through to the output. However, OR will remain LOW, indicating 
data at the output is not valid. 


2. When the output data changes as a result of a pulse on SO, the OR 


signal always goes LOW before there is any change in output data and 
stays LOW until the new data has appeared on the outputs. Anytime 
OR is HIGH, there is valid stable data on the outputs. 
3. If SO is held HIGH while the memory is empty and a word is written 
into the input, that word will ripple through the memory to the out- 
put. OR will go HIGH for one internal cycle (at least tORd and then 
go back LOW again. The stored word will remain on the outputs. If 
more words are written into the FIFO, they will line up behind the 
first word and will not appear on the outputs until SO has been 
brought LOW. 


4. When the master reset is brought LOW, the outputs are cleared to 


LOW, IR goes HIGH and OR goes LOW. If 51 is HIGH when the 
master reset goes HIGH then the data on the inputs will be written 
into the memory and IR will return to the LOW state until SI is 
brought LOW. If 51 is LOW when the master reset is ended, then IR 
will go HIGH, but the data on the inputs will not enter the memory 
until 51 goes HIGH. 


5. All Cypress FIFOs will cascade with other Cypress FIFO.. 
However, 


they may not cascade with pin-compatible FIFO's from other manu- 
facturers. 
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Ordering Code 
Package 
Operating 
(25 MHz) 
Type 
Range 


CY7C40 1-25PC 
PI 
Com. 
CY7C402-25PC 
P3 
CY7C403-25PC 
PI 
CY7C404-25PC 
P3 
CY7C401-25DC 
D2 
CY7C402-250C 
04 
CY7C403-25DC 
02 
CY7C404-25DC 
04 
CY7C401-25LC 
L61 
/ 


CY7C402-25LC 
L61 
CY7C403-25LC 
L61 
CY7C404-25LC 
L61 
CY7C401-25DMB 
D2 
Mil. 


CY7C402-25DMB 
04 
CY7C403-25DMB 
D2 


CY7C404-250MB 
04 
CY7C401-25LMB 
L61 
CY7C402-25LMB 
L61 
CY7C403-25LMB 
L61 
CY7C404-25LMB 
L61 


Ordering Code 
Package 
Operating 
(l5MHz) 
Type 
Range 


CY7C401-15PC 
PI 
Com. 


CY7C402-15PC 
P3 


CY7C403-15PC 
PI 


CY7C404-15PC 
P3 


CY7C401-150C 
02 
CY7C402-150C 
04 


CY7C403-15DC 
02 
CY7C404-15DC 
04 


CY7C401-15LC 
L61 


CY7C402-15LC 
L61 
CY7C403-15LC 
L61 
CY7C404-15LC 
L61 


CY7C401-15DMB 
02 
Mil. 


CY7C402-15DMB 
04 
CY7C403-15DMB 
02 
CY7C404-150MB 
04 
CY7C401-15LMB 
L61 
CY7C402-15LMB 
L61 
CY7C403-15LMB 
L61 
CY7C404-15LMB 
L61 


Ordering Code 
Package 
Operating 
(lOMHz) 
Type 
Range 


CY7C401-lOPC 
PI 
Com. 


CY7C402-lOPC 
P3 


CY7C403-IOPC 
PI 


CY7C404-IOPC 
P3 


CY7C40I-100C 
02 


CY7C402-100C 
04 


CY7C403-100C 
D2 


CY7C404-100C 
04 
CY7C40I-lOLC 
L61 


CY7C402-lOLC 
L61 
CY7C403-lOLC 
L61 
CY7C404-lOLC 
L61 


CY7C401-100MB 
D2 
Mil. 


CY7C402-100MB 
04 
CY7C403-100MB 
D2 


CY7C404-100MB 
04 
CY7C40I-lOLMB 
L61 
CY7C402-lOLMB 
L61 
CY7C403-lOLMB 
L61 
CY7C404-lOLMB 
L61 


Ordering Code 
Package 
Operatin!: 
(5 MHz) 
Type 
Range 
CY7C401-5PC 
PI 
Com. 


CY7C402-5PC 
P3 
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MILIT ARY SPECIFICA nONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL Max. 
1,2,3 


IIX 
1,2,3 


Ioz 
1,2,3 


10S 
1,2,3 


Icc 
1,2,3 


Parameters 
Subgroups 


fO 
7,8,9,10,11 


tpHSI 
7,8,9,10,11 


tPLSI 
7,8,9,10,11 


ISS] 
7,8,9,10,11 


IHSI 
7,8,9,10,11 


IDUR 
7,8,9,10, 
II 


IDHIR 
7,8,9,10,11 


IPHSO 
7,8,9,10, 
II 


tPLSO 
7,8,9,10,11 


tDLOR 
7,8,9,10,11 


tDHOR 
7,8,9,10,11 


tSOR 
7,8,9,10,11 


tHSO 
7,8,9,10,11 


1ST 
7,8,9,10,11 


tSIR 
7,8,9,10, 
II 


tHIR 
7,8,9,10,11 


tPIR 
7,8,9,10,11 


tPOR 
7,8,9,10,11 


IPMR 
7,8,9,10, 
II 


tDSI 
7,8,9,10,11 


tDOR 
7,8,9,10,11 


lDiR 
7,8,9,10,11 


ILZMR 
7,8,9,10,11 


Parameters 
Subgroups 


lOOE 
7,8,9,10,11 


IHZOE 
7,8,9,10,11 
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CY7C402/CY7C404 
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Features 


• 
64 x 8 and 64 x 9 first-in 
first- 
out (FIFO) 
buffer memory 


• 
35 MHz 
shift-in 
and shift-out 
rates 


• 
Almost Full/Almost 
Empty 
and 
Half Full flags 


• 
Dual port RAM 
architecture 


• 
Fast, 
50 ns, bubblethrough 


• 
Independent 
asynchronous 
inputs 
and outputs 


• 
Output 
Enable 
(CY7C408A) 


• 
Expandable 
in word width and 
FIFO 
depth 


• 
5V ± 10% supply 
• lTL compatible 
• 
Capable 
of withstanding 
greater 
than 2000V electrostatic 
discharge 
voltage 


• 
300 mil, 28-pin DIP 
Functional 
Description 


The CY7C408A 
and CY7C409A 
are 


64-word deep by 8- or 9-bit wide first- 
in first-out (FIFO) 
butTer memories. 
In 


addition 
to the industry 
standard 
hand- 


shaking signals, Almost Full/Almost 
Empty (AFE) and Half Full (HF) flags 
are provided. 


~0 
017 


(7C409A) 
018 


HF 
AFE 
Words Stored 


L 
H 
0-8 


L 
L 
9-31 
H 
L 
32-55 
H 
H 
56-64 


AFE is HIGH 
when the FIFO is al- 
most full or almost empty, otherwise 
AFE is LOW. HF is HIGH 
when the 
FIFO is halffull, 
otherwise 
HF is 
LOW. 


The CY7C408A 
has an Output 
Enable 
(OE) function. 


The memory accepts 8- or 9-bit parallel 
words at its inputs (Dlo-Dlg) 
under 
the control of the Shift-In (SI) input 
when the Input-Ready 
(IR) control sig- 
nal is HIGH. 
The data is output, 
in the 
same order as it was stored, on the 
DOo-DOg 
output pins under the con- 
trol of the Shift-Out (SO) input when 
the Output-Ready 
(OR) control signal 
is HIGH. 
If the FIFO is full (IR 
LOW), pulses at the SI input are ig- 
nored: if the FIFO is empty (OR 
LOW), pulses at the SO input are ig- 
nored. 
The IR and OR signals are also used to 
connect the FIFO's 
in parallel to make 
a wider word, or in series to make a 
deeper butTer, or both. 


Parallel expansion 
for wider words is 
implemented 
by logically ANDing 
the 
IR and OR outputs (respectively) 
of 
the individual 
FIFOs 
together 
(Figure 
7). The AND operation 
insures that all 
of the FIFOs 
are either ready to accept 


Cascadeable 64 X 8 FIFO 
Cascadeable 64 X 9 FIFO 


more data (lR HIGH) 
or are ready to 


output data (OR HIGH) 
and thus 


compensate 
for variations 
in propaga- 
tion delay times between devices. 


Serial expansion 
(cascading) 
for deeper 


butTer memories is accomplished 
by 


connecting 
the data outputs 
of the 


FIFO closest to the data source (up- 
stream device) to the data inputs of the 
following (downstream) 
FIFO 
(Figure 


6). In addition, 
to insure proper opera- 


tion, the SO signal of the upstream 
FIFO must be connected 
to the IR out- 


put of the downstream 
FIFO and the 


SI signal of the downstream 
FIFO 
must be connected 
to the OR output 
of 


the upstream 
FIFO. 
In this serial ex- 


pansion configuration, 
the IR and OR 


signals are used to pass data through 
the FIFOs. 


Reading and writing operations 
are 


completely 
asynchronous, 
allowing the 


FIFO to be used as a butTer between 
two digital machines of widely ditTenng 
operating 
frequencies. 
The high shift·in 


and shift-out rates of these FIFOs, 
and 
their high throughput 
rate due to the 


fast bubblethrough 
time, which is due 


to their dual port RAM architecture, 
make them ideal for high speed com- 
munications 
and controllers. 
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7C408A·15 
7C408A·25 
7C408A·35 


7C409A·15 
7C409A·25 
7C409A·35 


Maximum 
Shift Rate (MHz) 
15 
25 
35 


Maximum 
Operating 
Commercial 
115 
125 
135 
Current 
(mA)!2J 
Military 
140 
150 
N/A 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge 
Voltage 
...........•......... 
> 200 IV 
Ambient Temperature 
with 
(per MIL-STD-883 
Method 
3015) 
Power Applied 
- 55°C to + 125°C 
Supply Voltage to Ground 
Potential 
-0.5V 
to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State (7C408A) 
-0.5V 
to + 7.0V 
DC Input Voltage 
- 3.0V to + 7.0V 


Power Dissipation 
l.OW 


Output 
Current, 
into Outputs 
(Low) 
20 mA 


Electrical Characteristics Over Operating 
Range (Unless Otherwise 
Noted)[5] 


Range 
Ambient 
VCC 
Temperature 


Commercial 
DoC to +700C 
5V ± 10% 


Military!4] 
- 55°C to + 125°C 
5V ± 10% 


CY7C408A 


Parameters 
Description 
Test Conditions 
CY7C409A 
Units 


Min. 
Max. 


VOH 
Output 
HIGH 
Voltage 
VCC = Min., IOH = -4.0 
mA 
2.4 
V 


VOL 
Output 
LOW Voltage 
Vcc 
= Min., IOL = 8.0 mA 
0.4 
V 


VIH 
Input HIGH 
Voltage 
2.2 
Vcc 
V 


VIL 
Input LOW Voltage 
-3.0 
0.8 
V 


IIX 
Input 
Leakage Current 
GND,;; 
VI';; 
VCC 
-10 
+10 
fJ-A 


IOS 
Output 
Short Circuit 
Current III 
VCC = Max., VOUT = GND 
-90 
mA 


Vcc 
= Max., lOUT = 0 mA 
Commercial 
100 
mA 


IccQ 
Quiescent 
Power Supply Current 
VIN ,;; VIL, VIN ;;, VIH 
Military 
125 
mA 


Icc 
Power Supply Current 
Icc 
~ IccQ 
+ 
I mA/MHz 
X (fSI + fso)/2 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25'C, f = I MHz 
5 


COUT 
Output 
Capacitance 
Vcc 
= 4.5V 
7 
pF 


Notes: 
I. For test purposes, 
not more 
than one output 
at a time should 
be 


shorted. 
Short 
circuit 
test duration 
should 
not exceed 
30 seconds. 
2. Icc 
~ IcCQ + 1mA/MHz 
X (fSt + fso)/2 
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Figure la 


THEVENIN 
EQUIVALENT 


3. Tested 
initially 
and after any design 
or process 
changes 
that may 


affect 
these parameters. 


4. TA is the "instant 
on" case temperature. 


5. See the last page of this specification 
for Group 
A subgroup 
testing 


information. 
30Vd 
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Test 
CY7C408A-15 
CY7C408A-25 
CY7C408A-35 
Parameters 
Description 
Conditions 
CY7C409A-15 
CY7C409A-25 
CY7C409A-35 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


fo 
Operating 
Frequency 
Note 7 
15 
25 
35 
MHz 


tPHSI 
SI HIGH 
Time 
Note 7 
23 
II 
9 
os 


tPLSI 
SILOWTime 
Note 7 
25 
24 
17 
ns 


tSSI 
Data Setup to SI 
Note 8 
0 
0 
0 
os 


tHSI 
Data Hold from SI 
Note 8 
30 
20 
12 
os 


tOUR 
Delay, SI HIGH 
to IR LOW 
35 
21 
15 
m 


tOHIR 
Delay, SI LOW to IR HIGH 
40 
23 
16 
os 


tPHSO 
SO HIGH 
Time 
Note 7 
23 
II 
9 
nj 


tPLSO 
SO LOW Time 
Note 7 
25 
24 
17 
n; 


tOLOR 
Delay, SO HIGH 
to OR LOW 
35 
21 
15 
n; 


tOHOR 
Delay, SO LOW to OR HIGH 
40 
23 
16 
ns 


tSOR 
Data Setup to OR HIGH 
0 
0 
0 
n') 


tHSO 
Data Hold from SO LOW 
0 
0 
0 
n') 


tBT 
Fallthrough, 
Bubbleback 
Time 
10 
65 
10 
60 
10 
50 
os 


tSIR 
Data Setup to IR 
Note 9 
5 
5 
5 
ns 


tHiR 
Data Hold from IR 
Note 9 
30 
20 
20 
ns 


tPIR 
Input Ready Pulse HIGH 
Note 10 
6 
6 
6 
ns 


tPOR 
Output 
Ready Pulse HIGH 
Note II 
6 
6 
6 
ns 


tOLZOE 
OE LOW to LOW Z (7C408) 
Note 12 
35 
30 
25 
ns 


tOHZOE 
OE HIGH 
to HIGH 
Z (7C408) 
Note 12 
35 
30 
25 
ns 


tOHHF 
SI LOW to HF HIGH 
65 
55 
45 
ns 


tOLHF 
SO LOW to HF LOW 
65 
55 
45 
ns 


tOLAFE 
SO or SI LOW to AFE LOW 
65 
55 
45 
ns 


tOHAFE 
SO or SI LOW to AFE HIGH 
65 
55 
45 
ns 


tPMR 
MR Pulse Width 
55 
45 
35 
ns 


tOSI 
MR HIGH 
to SI HIGH 
25 
10 
10 
ns 


tOOR 
MR LOW to OR LOW 
55 
45 
35 
n~ 


tDiR 
MR LOW to IR HIGH 
55 
45 
35 
n~ 


tLZMR 
MR LOW to Output 
LOW 
Note 13 
55 
45 
35 
n~ 


tAFE 
MR LOW to AFE HIGH 
55 
45 
35 
n~ 


tHF 
MR LOW to HF LOW 
55 
45 
35 
ns 


too 
SO LOW to Next Data Out Valid 
28 
20 
16 
ns 


Notes: 
6. Test conditions assume signal transition time of 5 os or less, timing 
reference levels of I.5V and output loading of the specified IOI/IOH 
and 30 pF load capacitance, as in Figure 
1. 
7. IIfo ;, (tPHSt + tPLSt), IIfo ;, (tPHSO + tPLSO). 
8. lSSIand tHSI apply when memory is not full. 
9. tSIR and tHtR apply when memory is full, SI is HIGH and minimum 
bubblethrough 
(tST) conditions exist. 


to. At any given operating condition 
tPIR 
~ (tPHSO 
required). 


II 
At any given operating condition 
tPOR 
;;;::(tPHSI 
required). 


12. tDHZOEand tDLZOEare specified with CL ~ 5 pF as in Figure lb. 


lOHZOEtransition is measured ± 500 mV from steady state voltage. 
tDLZOEtransition is measured 
± 100 mV from steady state voltagl~. 


These parameters are guaranteed and not 100% tested. 


13. All data outputs will be at LOW level after reset goes HIGH until 


data is entered into the FIFO. 
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Switching Waveforms 


Data In Timing Diagram 
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Switching Waveforms 
(Continued) 


Data In Timing Diagram 
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Switching Waveforms (Continued) 


Data In Timing Diagram 
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Switching Waveforms 
(Continued) 


Fallthrough, 
Data In to Data Out Diagram 
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Architecture 
of the CY7C408A and 


CY7C409A 


The CY7C408A 
and CY7C409A 
FIFOs consist of an ar- 


ray of 64 words of 8- or 9-bits each (which are implement- 
ed using a dual port RAM cell), a write pointer, a read 
pointer and the control 
logic necessary to generate the 


handshaking 
(SI/IR, 
SOIOR) 
signals as well as the Almost 


Fulll Almost Empty (AFE) and the Half Full (HF) flags. 
The handshaking 
signals operate in a manner identical to 


those of the industry 
standard 
CY7C4011402/403/404 


FIFOs. 


Dual Port RAM 


The dual port RAM architecture 
refers to the basic memo- 


ry cell used in the RAM. The cell itself enables the read 
and write operations 
to be independent 
of each other, 


which is necessary to achieve truly asynchronous 
operation 


of the inputs and outputs. 
A second benefit is that the time 


required 
to increment 
the read and write pointers is much 


less than the time that would be required for data to propa- 
gate through 
the memory, which would be the case if the 


memory were implemented 
using the conventional 
register 


array architecture. 


Fallthrough 
and Bubbleback 


The time required for data to propagate 
from the input to 


the output of an initially empty FIFO is defined as the 
Fallthrough 
time. 


The time required for an empty location to propagate 
from 


the output 
to the input of an initially full FIFO is defined 


as the Bubbleback 
time. 


The maximum 
rate at which data can be passed through 


the FIFO (called the throughput) 
is limited by the fall- 


EMPTY 


7 
1 
...Il.. 


Figure 4 


through 
time when it is empty (or near empty) and by the 


bubbleback 
time when it is full (or near full). 


The conventional 
definitions of fallthrough 
and bubbleback 


do not apply to the CY7C408A 
and CY7C409A 
FIFOs 


because the data is not physically propagated 
through 
the 


memory. The read and write pointers are incremented 
in- 


stead of moving the data. However, the parameter 
is speci- 
fied because it does represent 
the worst case propagation 


delay for the control signals. That is, the time required 
to 


increment 
the write pointer and propagate 
a signal from 


the SI input to the OR output of an empty FIFO or the 
time required to increment 
the read pointer and propagate 


a signal from the SO input to the IR output of a full FIFO. 


Resetting the FIFO 


Upon power up, the FIFO must be reset with a Master 
Reset (MR) signal. This causes the device to enter the emp- 
ty condition, 
which is signified by the OR signal being 


LOW at the same time that the IR signal is HIGH. 
In this 


condition, 
the data outputs (DOo-DOg) 
will be LOW. The 


AFE flag will be HIGH 
and the HF flag will be LOW. 


Shifting Data Into the FIFO 


The availability 
of an empty location is indicated 
by the 


HIGH 
state of the Input Ready (IR) signal. When IR is 


HIGH 
a LOW to HIGH 
transition 
on the Shift-In (SI) pin 


will clock the data on the DIo-DIg 
inputs into the FIFO. 


Data propagates 
through 
the device at the falling edge of 


SI. 


The IR output will then go LOW, indicating 
that the data 


has been sampled. The HIGH 
to LOW transition 
of the SI 


signal initiates the LOW to HIGH 
transition 
of the IR 
signal if the FIFO is not full. If the FIFO is full, IR WIll 
remain LOW. 


• 


The availability 
of data at the outputs 
of the FIFO is indi- 
cated by the HIGH 
state of the Output 
Ready (OR) signal. 


After the FIFO is reset all data outputs (DOo-DOg) 
will 
be in the LOW state. As long as the FIFO remains empty 
the OR signal will be LOW and all Shift Out (SO) pulses 
applied to it will be ignored. After data is shifted into the 
FIFO the OR signal will go HIGH. 
The external control 
logic (designed by the user) should use the HIGH 
state of 
the OR signal to generate a SO pulse. The data outputs of 
the FIFO should be sampled with edge sensitive type D 
flip-flops (or equivalent), 
using the SO signal as the clock 
input to the flip-flop. 


Interfacing 
to the FIFO 
Application 
Brief 


See the application 
brief in the back of this databook 
for 
information 
regarding 
interfacing 
to the FIFO under asyn- 


chronous 
operating 
conditions. 


AFE and HF Flags 


Two flags, Almost Full/Almost 
Empty (AFE) and Half 
Full (HF), describe how many words are stored in the 
FIFO. 
AFE is HIGH 
when there are eight or less, or 56 or 
more, words stored in the FIFO. 
Otherwise 
the AFE flag is 
LOW. HF is HIGH 
when there are 32 or more words 


stored in the FIFO, 
otherwise the HF flag is LOW. Flag 
transitions 
occur relative to the falling edges of SI and SO 
(Figures 3 and 4). 


Due to the asynchronous 
nature of the SI and SO signals, it 
is possible to encounter 
specific timing relationships 
which 
may cause short pulses on the AFE and HF flags. These 
pulses are entirely due to the dynamic 
relationship 
of the SI 


and SO signals. The flags, however, will always settle to 
their correct state after the appropriate 
delay (tOHAFE, 


tOLAFE, tOHHF or tOLHF). Therefore, 
use oflevel-sensi- 
tive rather than edge-sensitive 
flag detection 
devices is rec- 


ommended 
to avoid false flag encoding. 


Cascading the 7C408/9A-35 
Above 25 MHz 


If cascaded FIFOs 
are to be operated 
with an external 


clock rate greater than 25 MHz, the interface IR signal 


pm (l'lgure »). 1wo tnmgs snOUlQbe noted wnen tlliS CO'1- 
figuration 
is implemented. 


First, the capacity of N cascaded FIFOs 
is decreased 
from 


N X 64 to (N X 63) + I. 


Secondly, the frequency 
at the cascade interface is less than 


the 35 MHz rate at which the external clocks may operate. 
Therefore, 
the first device has its data Shifted-In 
faster 
than it is Shifted-Out 
and eventually 
this device becomes 


momentarily 
full. When this occurs, the maximum 
sustain- 
able external clock frequency changes from 35 MHz to the 
cascade interface frequency.l14] 


When data packets[15] are transmitted, 
this phenomenon 


does not occur unless more than three FIFOs 
are depth 
cascaded. 
For example, if two FIFOs 
are cascaded, 
a pack- 
et of 127 (= 2 X 63 + I) words may be shifted-in at up to 
35 MHz and then the entire packet may be shifted-out 
at 


up to 35 MHz. 


If data is to be shifted-out 
simultaneously 
with the data 


being shifted-in, 
the concept of "virtual 
capacity" 
is intro- 
duced. Virtual capacity is simply how large a packet of 
data can be shifted-in at a fixed frequency, 
e.g., 35 MHz, 


simultaneously 
with data being shifted-out 
at any given fre- 
quency. Figure 8 is a graph of packet size[16] vs. shift-out 
frequency 
(fSOx) for two different values of Shift-In fre- 
quency (fSIx) when two FIFOs are cascaded. 


The exact complement 
of this occurs if the FIFOs 
initially 


contain data and a high Shift-Out 
frequency 
is to be main- 


tained, i.e., a 35 MHz fSOxcan be sustained 
when reading 


data packets from devices cascaded two or three deep. If 
data is shifted-in simultaneously, 
Figure 8 applies with fSIx 


and fsox interchanged. 
Notes: 
14. Because the data throughput 
in the cascade interface is dependent on 


the inverter delay, it is recommended that the fastest available invert- 
er be used. 
15. Transmission afdata 
packets assumes that up to the maximum cu- 


mulative capacity of the FIFOs is Shifted-In without simultaneoui 
Shift-Out clocks occurring. The complement of this holds when dJta 
is Shifted-Out as a packet. 


16. These are typical packet sizes using an inverter whose delay is 4 os. 
17. Only devices with the same speed grade are specified to cascade 


together. 
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Figure 6. Cascaded Configuration 
at or below 25 MHz 


FIFOs can be easily cascaded to any desired depth. The handshaking and associated timing between the F1FOs are handled by the inherent timing of the 
devices. 


User Notes referencing Figures (j and 7: 
I. When the memory is empty the last word read will remain on the 


outputs until the master reset is strobed or a new data word falls 
through to the output. 
2. When the output data changes as a result of a pulse on SO, the OR 


signal always goes LOW before there is any change in output data and 
stays LOW until the new data has appeared on the outputs. Anytime 
OR is HIGH, there is valid stable data on the outputs. 


3. If SO is held HIGH while the memory is empty and a word is written 


into the input, that word will fall through the memory to the output. 
OR will go HIGH for one internal cycle <at least tpoJU and then go 
back LOW again. The stored word will remain on the outputs. If 
more words are written into the FIFO, they will line up behind the 
first word and will not appear on the outputs until SO has been 
brought LOW. 
4. When the master reset is brought LOW, the outputs are cleared to 


LOW, IR goes HIGH and OR goes LOW. 
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FIFO Expansion 
(Continued) 


192 x 27 Configuration 
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D07 
Dl7 
0°7 


DI. 
DO. 
01. 
DO. 
DI. 
DO. 


IR 
SO 
SO 
IR 
SO 


COMPOSITE 


IR 
OUTPUT 
READY 


51 
OR 
51 
OR 
51 
OR 


010 
000 
Dlo 
000 
010 
0°0 


01, 
D0, 
01, 
D0, 
DI, 
D0, 


DI, 
DO, 
012 
D02 
DI, 
DO, 


DI, 
DO, 
DI, 
DO, 
0', 
DO, 


DI, 
DO, 
DI, 
DO, 
DI, 
DO, 


DlS 
DOs 
Dl5 
DOs 
Dl5 
DOS 


DI, 
DO, 
01. 
DO. 
01. 
DO. 


Dl7 
D07 
017 
D07 
017 
D07 


DI. 
DO. 
01. 
DO. 
01. 
DO. 


SHIFT 
IN 
IR 
SO 


" 


SO 
IR 
SO 


51 
OR 
51 
OR 
51 
OR 


Dlo 
DOo 
010 
DOo 
010 
DOo 


DI, 
DO, 
DI, 
DO, 
DI, 
DO, 


DI, 
DO, 
DI, 
DO, 
DI, 
DO, 


DI, 
DO, 
01, 
DO, 
DI, 
DO, 


DI, 
D0, 
01, 
DO, 
DI, 
DO, 


Dl5 
DOs 
015 
DOs 
Dls 
DOs 


01, 
DO, 
01. 
DO, 
01, 
D0, 


017 
0°7 
017 
0°7 
017 
007 


01. 
~R 
DO. 
01. 
~R 
DO. 
01. 
~R 
DO. 


~R 
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Figure 7. Depth and Width Expansion 


FIFOs are expandable in depth and width. However. in forming wider words two external gates are required to generate composite Input and Output 
Ready flags. This need is due to the variation of delays of the FIFOs. 
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Figure 8. Virtual Capacity 
vs. Output 
Rate for Two FIFOs 
Cascaded 
Using an Inverter 
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Ordering Information 


Frequency 
Ordering Code 
Package 
Operating 
(MHz) 
Type 
Range 


35 
CY7C408A-35PC 
P21 
Commercial 


CY7C408A-35DC 
D22 


CY7C408A-35LC 
L64 


CY7C408A-35VC 
V21 


25 
CY7C408A-25PC 
P21 
Commercial 


CY7C408A-25DC 
022 


CY7C408A-25LC 
L64 


CY7C408A-25VC 
V21 


CY7C408A-25DMB 
022 
Military 


CY7C408A-25LMB 
L64 


CY7C408A-25KMB 
K74 


IS 
CY7C408A-15PC 
P21 
Commercial 


CY7C408A-15DC 
022 


CY7C408A-15LC 
L64 


CY7C408A-15VC 
V21 


CY7C408A-I5DMB 
022 
Military 


CY7C408A-15LMB 
L64 


CY7C408A-15KMB 
K74 


Frequency 
Ordering Code 
Package 
Operating 


(MHz) 
Type 
Range 


35 
CY7C409A-35PC 
P21 
Commercial 


CY7C409A-35DC 
022 


CY7C409A-35LC 
L64 


CY7C409A-35VC 
V21 


25 
CY7C409A-25PC 
P21 
Commercial 


CY7C409A-25DC 
D22 


CY7C409A-25LC 
L64 


CY7C409A-25VC 
V21 


CY7C409A-25DMB 
022 
Military 


CY7C409A-25LMB 
L64 


CY7C409A-25KMB 
K74 


IS 
CY7C409A-15PC 
P21 
Commercial 


CY7C409A-I5DC 
022 


CY7C409A-15LC 
L64 


CY7C409A-I5VC 
V21 


CY7C409A-I5DMB 
022 
Military 


CY7C409A-15LMB 
L64 


CY7C409A-15KMB 
K74 


5n 


CY7C408A 


~ 
CYPRESS 
CY7C409A 
~J 
SEMICONDUCTOR ================================== 
MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VILMax. 
1,2,3 


lIX 
1,2,3 


10S 
1,2,3 


lCCQ 
1,2,3 


Parameters 
Subgroups 


fo 
7,8,9,10,11 


tPHSI 
7,8,9,10,11 


tPLSI 
7,8,9,10,11 


tSSI 
7,8,9,10,11 


tHSI 
7,8,9,10,11 


tOUR 
7,8,9,10,11 


tOHIR 
7,8,9,10,11 


tPHSO 
7,8,9,10,11 


tPLSO 
7,8,9,10,11 


tOLOR 
7,8,9,10,11 


tOHOR 
7,8,9,10,11 


tSOR 
7,8,9,10,11 


tHSO 
7,8,9,10,11 


tBT 
7,8,9,10,11 


tSIR 
7,8,9,10,11 


tHIR 
7,8,9,10,11 


tPIR 
7,8,9,10,11 


tPOR 
7,8,9,10,11 


tSIIR 
7,8,9,10,11 


tSOOR 
7,8,9,10,11 


tOLZOE 
7,8,9,10,11 


tOHZOE 
7,8,9,10,11 


tOHHF 
7,8,9,10,11 


tOLHF 
7,8,9,10,11 


Parameters 
Subgroups 


tOLAFE 
7,8,9,10,11 


tOHAFE 
7,8,9,10,11 


tB 
7,8,9,10,11 


too 
7,8,9,10,11 


tPMR 
7,8,9,10,11 


tOSI 
7,8,9,10,11 


tDOR 
7,8,9,10,11 


tDiR 
7,8,9,10,11 


tLZMR 
7,8,9,10,11 


tAFE 
7,8,9,10,11 


tHF 
7,8,9,10,11 
• 


C'f.1-'l<t:::i::i 
SEMICONDUCTOR 


• 
512 x 9, 1,024 x 9, 2,048 x 9 FIFO 
buffer memory 


• 
Dual-port 
RAM cell 


• 
Asynchronous 
read/write 


• 
High-speed 33.3-MHz read/write 
independent 
of depth/width 


• 
Low operating 
power 
- 
Ice (max.) = 142 mA 
(commercial) 


- 
Ice (max.) = 147 mA (military) 


• 
Half Full nag in standalone 


• 
Empty and Full nags 


• 
Retransmit 
in standalone 


• 
Expandable 
in width and depth 


• 
Parallel cascade minimizes 
bubble-through 


• 
5V ± 10% supply 


• 
300-mil DIP packaging 


• 
300-mil SOJ packaging 


Cascadeable 512 X 9 FIFO 
Cascadeable 
1K X 9 FIFO 


Cascadeable 
2K X 9 FIFO 


• 
TTL compatible 
• 
Three-state 
outputs 
• 
Pin compatible and functional 
equivalent to IDT7201, IDT7202, and 
IDT7203 
Functional 
Description 


The 
CY7C420/CY7C421, 
CY7C424/ 


CY7C425, 
and CY7C428/CY7C429 
are 
first-in first-out (FIFO) memories offered 
in 6OO-milwide and 300-mil wide packages. 
They 
are, respectively, 
512, 1,024, and 
2,048 words by 9-bits wide. Each FIFO 
memory is organized such that the data is 
read in the same sequential order that it 
was written. Full and Empty flags are pro- 
vided to prevent overrun and underrun. 
Three additional pins are also provided to 
facilitate unlimited 
expansion 
in width, 


depth, or both. The depth expansion tech- 
nique steers the control signals from one 
device to another 
in parallel, thus elimi- 
nating the serial addition of propagation 
delays, so that throughput 
is not reduced. 
Data is steered in a similar manner. 
The 
read and write operations 
may be 
asynchronous; each can occur at a rate of 


Pin Configurations 


PLCC/LCC 


Top View 


33.3 MHz. 
The 
write operation 
occurs 


when the write (W.l signal is LOW. Read 
occurs when read (R) goes LOW. The nme 
data outpu~ 
go to the high-impedance 


state when R is HIGH. 


A Half Full (HF) output flag is provided 
that isvalid in the standalone and width ex- 
pansion configurations. 
In the depth ex- 


pansion 
configuration, 
this pin providcs 


the expansion out (XO) information 
that 


is used to tell the next FIFO that it will bc 
activated. 


In the standalone 
and width expansion 


configurations, 
a LOW on the retransmit 


(RT) input causes the J:!.FOs to retransm it 
the data. Read enable (R) and write enable 
(W) must both be HIGH during retrans- 
mit, and then R is used to access the data. 


The 
CY7C420, 
CY7C421, 
CY7C424, 


CY7C425, CY7C428, and CY7C429 are 
fabricated 
using an advanced O.S-micron 


N-well CMOS technology. Input ESD pro- 
tection is greater than 2OO0Vand latch-up 
is prevented by careful layout, guard rings, 
and a substrate bias generator. 


0, 
0, 


NC 


FURl' 


MR 
IT 


xoiHF' 
0, 
0, 


Vcc 
D, 
Ds 
D6 
D7 
FDRT 
MR 


EF 
xoiFfi' 
Q7 
Q6 
Qs 
Q, 
R 


CY7C420, CY7C421, 
CY7C424 


CY7C425, CY7C428, 
CY7C429 


7C42o-20 
7C42o-25 
7C42o-30 
7C420-40 
7C420·65 


7C421-20 
7C421-25 
7C421-30 
7C421-40 
7C421-65 


7C424-20 
7C424-25 
7C424-30 
7C424-40 
7C424-65 


7C425-20 
7C425-25 
7C425-30 
7C425-40 
7C425·65 


7C428·20 
7C428-25 
7C428-30 
7C428-40 
7C428-65 


7C429-20 
7C429-25 
7C429-30 
7C429-40 
7C429-65 


Frequency (MHz) 
33.3 
28.5 
25 
20 
12.5 


Maximum Access Time (ns) 
20 
25 
30 
40 
65 


Maximum Of 
rating 
I Commercial 
142 
132 
125 
115 
100 
Current (mA 
I MilitarylIndustrial 
147 
140 
130 
115 


Maximum 
Rating 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65°C 
to + 150°C 
Static Discharge Voltage 
> 2001V 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
> 200 mA 


Supply Voltage to Ground Potential . . . . . . .. - 0.5V to + 7.0V 
Operating 
Range 


~~~~t¥~t~fe~li~~ 
.t~.?utp.~~ 
_ 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


Power Dissipation. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
l.OW 


Output Current, into Outputs (LOW) 
20 mA 


Ambient 
Range 
Temperature(1) 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Industrial 
-4Q°C to +85°C 
5V ± 10% 


Military 
-55°C to + 125°C 
5V ± 10% 


7C42o-20 
7C42o-25 
7C42o-30 


7C421-20 
7C421-25 
7C421-30 


7C424-20 
7C424-25 
7C424-30 


7C425-20 
7C425-25 
7C425-30 


7C428-20 
7C428-25 
7C428-30 


7C429-20 
7C429-25 
7C429-30 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IoH = -2.0 mA 
2.4 
2..4 
24 
V 


VOL 
Output WW Voltage 
Vee = Min.,loL 
= 8.0 mA 
0.4 
0.4 
0.4 
V 
VIHI31 
Input HIGH Voltage 
Com'l 
2.0 
Vee 
2.0 
Vee 
2.0 
Vee 
V 


Mil/lnd 
2.2 
Vee 
2.2 
Vee 


VIL 
Input WW Voltage 
-3.0 
0.8 
-3.0 
0.8 
-3.0 
0.8 
V 


IlX 
Input Leakage Current 
GND~VI~Vee 
-10 
+10 
-10 
+ 10 
-10 
+10 
llA 


loz 
Output Leakage Current 
R ~ 
V1H,GND <Vo<Vee 
-10 
+10 
-10 
+ 10 
-10 
+10 
lJ-A 


Ice 
Operating 
Current 
Vee = Max., 
Com'1(4) 
142 
132 
125 
mA 


lOUT= 0 mA 
Mil/lndIS) 
147 
140 


ISB1 
Standby Current 
All Inputs = VIHMin. 
Com'l 
30 
25 
25 
mA 


Mil/lnd 
30 
30 
IsBz 
Power-Down Current 
All Inputs Vee - 0.2V 
Com'l 
25 
20 
20 
mA 


Mil/lnd 
25 
25 
Ios 
Output Short 
Vee = Max., VOUT= GND 
-90 
-90 
-90 
mA 
Circuit Current(6) 


Notes: 
1. 
TA is the "instant on" case temperature. 
2. 
See the last page of this specificationfor Group A subgroup testing 
information. 
3. XI must use CMOS levelswith VIH2- 3.5Y. 
4. 
Ice (commercial) = 
lOO_mA+ [(1- 12.5) • 2 mAlMHzJ 
for f 2- 12.5 MHz 


where 1 = the larger of the write or read operating frequency. 


5. 
Ice (military) = 
115_mA+ [(1- 12.5) • 2 mAIM Hz] 
for f 2- 12.5 MHz 
where 1 = the larger of the write or read operating frequency. 


6. 
For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 


• 


CY7C420, 
CY7C421, 
CY7C424 


CY7C425, 
CY7C428, 
CY7C429 


7C42G-40 
7C420-65 


7C421·40 
7C421·65 


'; 
7C424·40 
7C424-65 


7C425-40 
7C425·65 


7C428·40 
7C428-65 


7C429-40 
7C429·65 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min .• IOH = -2.0 mA 
2..4 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min., IOL = 8.0 mA 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
Com'l 
2.0 
Vcc 
2.0 
Vcc 
V 


Milllnd 
2.2 
Vcc 
2.2 
Vcc 


V1L 
Input LOW Voltage 
-3.0 
0.8 
-3.0 
0.8 
V 


Ilx 
Input Leakage Current 
GND:::;;V,:::;;Vcc 
-10 
+10 
-10 
+10 
ill. 


Ioz 
Output Leakage Current 
R ~ 
VIH, GND:::;; Va:::;; Vcc 
-10 
+10 
-10 
+10 
ilA 


Icc 
Operating 
Current 
Vcc = Max., 
Com'114] 
115 
100 
mA 


lOUT= 0 mA 
Milllndl5) 
130 
115 


1581 
Standby Current 
All Inputs = VIH Min. 
Com'l 
25 
25 
mA 


I 


Mil 
30 
30 


1582 
Power-Down Current 
All Inputs 2. Vcc - 0.2V 
Com'l 
20 
20 
mA 


Mil 
25 
25 


105 
Output Short 
Vcc = Max., VOUT= GND 
-90 
-90 
mA 


Circuit Currentl6] 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Il)put Capacitance 
TA = 25°C, f = 1 MHz, 
8 
pF 


COUT 
Output Capacitance 
Vcc = 4.5V 
10 
pF 


Noles: 
7. 
Tested initially and after any design or process changes that may affect 
these parameters. 


AC Test Loads and Waveforms 
RI500.!l 


5V 


OUTPUT 


5V 


OUTPUT 


30PFI 


INCLUDING 
JIG AND 
_ 
SCOPE 
- 


5 


PFI 
INCLUDING 


JIG AND 
_ 


SCOPE 
- 
(a) 


THEVENIN EQUIVALENT 


2OO.!l 


CY7C420, CY7C421, CY7C424 
CY7C425, CY7C428, 
CY7C429 


7C42o-20 
7C420-2S 
7C42o-30 
7C42o-40 
7C42o-6S 


7C421-20 
7C421-2S 
7C421-30 
7C421-40 
7C421-6S 
7C424-20 
7C424-2S 
7C424-30 
7C424-40 
7C424-6S 


7C42S-20 
7C42S-2S 
7C42S-30 
7C42S-40 
7C42S-6S 


7C428-20 
7C428-2S 
7C428-30 
7C428-40 
7C428-6S 


7C429-20 
7C429-2S 
7C429-30 
7C429-40 
7C429-6S 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRe 
Read Cycle Time 
30 
35 
40 
50 
80 
ns 


tA 
Access Time 
20 
25 
30 
40 
65 
ns 


tRR 
Read Recovery 
Time 
10 
10 
10 
10 
15 
ns 


tPR 
Read Pulse Width 
20 
25 
30 
40 
65 
ns 
tLZR(101 
Read 
LOW to Low Z 
3 
3 
3 
3 
3 
ns 
tOVR11O,1lj 
Read 
HIGH 
to Data Valid 
3 
3 
3 
3 
3 
ns 
tHZR11O,1lj 
Read 
HIGH 
to High Z 
15 
18 
20 
25 
30 
ns 


twc 
Write Cycle Time 
30 
35 
40 
50 
80 
ns 


tpw 
Write Pulse Width 
20 
25 
30 
40 
65 
ns 


tHwzl10J 
Write HIGH 
to Low Z 
10 
10 
10 
10 
10 
ns 


tWR 
Write Recovery 
Time 
10 
10 
10 
10 
15 
ns 


tso 
Data Set-Up 
Time 
12 
15 
18 
20 
30 
ns 


tHO 
Data Hold Time 
0 
0 
0 
0 
10 
ns 


tMRSC 
MR Cycle Time 
30 
35 
40 
50 
80 
ns 


tPMR 
MR Pulse Width 
20 
25 
30 
40 
65 
ns 


tRMR 
MR Recovery 
Time 
10 
10 
10 
10 
15 
ns 


tRPW 
Read HIGH 
to MR HIGH 
20 
25 
30 
40 
65 
ns 


twpw 
Write HIGH 
to MR HIGH 
20 
25 
30 
40 
65 
ns 


tRTC 
Retansmit 
Cycle Time 
30 
35 
40 
50 
80 
ns 


tPRT 
Retransmit 
Pulse Width 
20 
25 
30 
40 
65 
ns 


tRTR 
Retransmit 
Recovery 
Time 
10 
10 
10 
10 
15 
ns 


tEFL 
MRtoEFLOW 
30 
35 
40 
50 
80 
ns 


tHFH 
MR toHFHIGH 
30 
35 
40 
50 
80 
ns 


tFF}{ 
MR to FFHIGH 
30 
35 
40 
50 
80 
ns 


tREF 
Read 
LOW to EF LOW 
25 
25 
30 
35 
60 
ns 


tRFF 
Read 
HIGH 
to FF HIGH 
25 
25 
30 
35 
60 
ns 


tWEF 
Write HIGH 
to EF HIGH 
25 
25 
30 
35 
60 
ns 


tWFF 
Write LOW to FF LOW 
25 
25 
30 
35 
60 
ns 


tWHF 
Wrtie LOW to HF LOW 
30 
35 
40 
50 
80 
ns 


tRHF 
Read 
HIGH 
to HF HIGH 
30 
35 
40 
50 
80 
ns 


tRAE 
Effective 
Read from 
20 
25 
30 
35 
60 
Write HIGH 
ns 


tRPE 
Effective 
Read Pulse Width 
20 
25 
30 
40 
65 
after EF HIGH 
ns 


tWAF 
Effective 
Write from 
20 
25 
30 
35 
60 
Read 
HIGH 
ns 


tWPF 
Effective 
Write Pulse Width 
20 
25 
30 
40 
65 
after FF HIGH 
ns 


tXOL 
Expansion 
Out LOW 
20 
25 
30 
40 
65 
ns 
Delay from Clock 


tXOH 
Expansion 
Out HIGH 
20 
25 
30 
40 
65 
ns 
Delay from Clock 


• 


Switching Waveforms 


Asynchronous 
Read and Write 


w~ 
•• 
~ '"4 
-I-:'"-Eo~ ""-----__ / 


Do-Os 
--------"- 
DATA 
VALID 
)1"---------J<,__O_A_T_A_V_A_L_I_O 
__ >~---- 


Noles: 
8. 
Test conditions assume signal transition time of 5 os or less, timing ref- 
erence levels of 1.5V and output 
loading of the specified fod1oH and 


30 pF load capacitance, 
as in part (a) of AC Test Load and Waveforms, 
unless otherwise 
specified. 
9. 
See the last page of this specification 
for Group A subgroup 
testing 


information. 


10. tHZRtransition is measured at + 500 mV from VOLand -500 mV 'rom 
VOH' tOVRtransition 
is measured 
at the 1.5V level. tHwZ and tLZR 


transition 
is measured 
at ± 100 mV from the steady state. 


11. tHZRand tovR use capacitance 
loading as in part (b) of AC Test Load 


and Waveforms. 


12. Wand 
R 2. VIH around 
the rising edge of MR. 


13. tMRSC = tpMR + tRMR. 


CY7C420, CY7C421, CY7C424 
CY7C425, CY7C428, CY7C429 


Switching Waveforms 
(continued) 


Last Write to First Read Full Flag 


Notes: 
14. EF, HF and FF may change state during retransmit 
as a result of the 
15. tRTC = IpRT + tRTR. 


offset of the read and write pointers, 
bUI flags will be valid al tRTC' 


CY7C420, 
CY7C421, 
CY7C424 


CY7C425, 
CY7C428, 
CY7C429 


Switching 
Waveforms 
(continued) 


Empty Flag and Empty Boundary Timing Diagram 


DATA VALID 


:...:::::::1 , 
tso -.f 


DATA OUT 
--_ 
••.•~ 
DATA VALID ><ZZ)------------------ 


CY7C420, CY7C421, 
CY7C424 


CY7C425, CY7C428, CY7C429 


Notes: 
16. Expans!!!!,>Out of device 1 (XO,) is connected 
to Expansion In of de- 


vice 2 (XI2). 


CY7C420, CY7C421, 
CY7C424 
CY7C425, CY7C428, 
CY7C429 


Architecture 


The CY7C420/421/424/425/428/429 
FIFOs consist of an array of 
512/1024/2048 words of 9 bits each (implemented 
by an array of 
dual-22rt_RAM cell~a 
read~nter, 
a write pointer, control sig- 
nals (W, R, XI, XO, FL, RT, MR), and Full, Half Full, and Empty 
flags. 


Dual·Port 
RAM 


The dual-port RAM architecture 
refers to the basic memory cell 
used in the RAM. The cell itself enables the read and write opera- 
tions to be independent 
of each other, which is necessary to 


achieve truly asynchronous 
operation of the inputs and outputs. 
A second benefit is that the time required to increment the read 
and write pointers is much less than the time that would be re- 
quired for data propagation 
through the memory, which would be 
the case if the memory were implemented using the conventional 
register array architecture. 


Resetting the FIFO 


Upon power-up, the FIFO must be reset with a Master Reset (MR) 
cycle. This causes the FIFO to enter the empty condition signified 
by the Empty ~ 
(EF) being LOW, an~both 
the Ha]f.Full (HF) 


and Full flags (FF) bemg HIGH. Read (R) and write (W) must be 
HIGH tRPw/tWPWbefore and tRMRafter the rising edge of MR for 
a valid reset cycle. If reading from the FIFO after a reset cycle is 
attempted, 
the outputs will all be in the high-impedance 
state. 


Writing Data to the FIFO 


The availability of at least one~mpty 
location is indicated by a 
HIGH FE The falling edge of W initiates a write cycle. Data ap- 
peanng ~ the mputs (Do - D8) tSObefore and tHOafter the rising 
edge of W WIllbe stored sequentially in the FIFO. 


The EF LOW-ta-HIGH 
tran&!ion occurs tWEFafter the first 
LOW-ta-HIGH 
transition 
of W f,Q!:an empty FIFO. HF goes 
LOW tWHFafter the falling edge ofW following the FIFO actually 
bemg Half Full. Therefore, the HF is active once the FIFO is filled 
to half its capacity plus one word. HF will remain LOW while less 
than one half of total memory is available for writing. The LOW- 
ta-HIGH 
transition of HF occurs tRHFafter the ri~ 
edge of R 
when the FIFO goes from half full + 1 to half full. HF is available 
in standalone and wi@! expansion modes. FF goes LOW tWFFaf- 
terthe falling edge ofW, during the cycle in which the last available 
location is filled. Internal logic prevents overrunning a full FIFO. 
Writes to a full FIFO are ignored and the write pointer is not in- 
cremented. FF goes HIGH tREFafter a read from a full FIFO. 


Reading Data from the FIFO 


The falling edge of R initiates a read cycle if the EF is not LOW. 
Data outputs (00.:..08) are in a high-impedance condition between 
read o~ratIons 
(R HIGH) when the FIFO is empty, or when the 
FIFO 
IS not the active device in the depth expansion mode. 


When one word is in the FIFQ". the falling edge of R initiates a 
HIGH-to-LOW 
transition of EF. When the FIFO is empty, the 


outputs are in a high-impedance 
state. Reads to an empty FIFO 


are ignored and do not increment 
the read pointer. 
From the 


empty condition, the FIFO can be read tWEFafter a valid write. 


Retransmit 


The retransmit feature is beneficial when transferring 
packets of 


data. It enables the receipt of data to be acknowledged by the re- 
ceiver and retransmitted 
if necessary. 
The Retransmit (RT) input is active in the standalone 
and width 
expansion modes. The retransmit feature is intended for use when 
a number of writes equa.!!2.or less than the depth of the FIFO have 
occurred since the last MR cycle. A LOW pulse on RT resets the 
inte~1 
read pointer to the first physical location of the FIFO. R 


and W must both be HIGH 
while and tRTRafter rctransmit 
is 


LOW. With every read cycle after retransmit, previously accessed 
data is read and the read pointer is incremented 
until it is eaual 
to the write pointer. Full, Half Full, and Empty flags are governed 
by the relative locations of the read and write pointers and are up- 
dated durin..&!retransmit cycle. Data written to the FIFO after ac- 
tivation of RT are transmitted 
also. 


The fuII depth of the FIFO can be repeatedly transmitted. 


Standalone/Width 
Expansion Modes 


Standalone and width expansion mode~re 
set by grounding Ex- 
pansion In (XI) and tying First Load (FL) to V ce. FIFOs can be 
expanded in width to provide word widths greater than nine in in- 
crements of nine. During width expansion mode, all control line 
inputs are common to all devices, and flag outputs from any device 
can be monitored. 


Depth Expansion Mode (see Figure 1) 


Depth expansion mode is entered when, during a MR cycle, Ex- 
pansion Out (XO) of one device is connected to Expansion I'!i1U) 
of the next deVIce, WIthXO of the last device connected to XI of 
the first device. In the depth expansion mode the First Load (F'r:) 
input, when grounded, 
indicates that this part is the first to bc 


loaded. All other devices must have this pin HIGH. To enable the 
correct FIFO, XO is pulsed LOW when the last physical location 
of the previous FIFO is written to and pulsed LOW again when 
the last physical location is read. Only one FIFO is enabled for 
read and one for write at any given time. All other devices an; in 
standby. 


FIFOs can also be expanded simultaneously 
in depth and width. 


Consequently, 
any depth or width FIFO can be created of word 


widths in increments of9. When e~nding 
in depth, a composite 


FF mu~be 
created by ORing the FFs together. Likewise, a com- 
posite EF is created by ORing the EFs together. HF and RT func- 
tions are not available in depth expansion mode. 


X5 


CY7C420 
CY7C421 
CY7C424 
CY7C425 
CY7C428 
CY7C429 


Vc< 


Xi 


X5 


i'F 
CY7C420 
IT 
CY7C421 
CY7C424 
CY7C425 
CY7C428 
CY7C429 
IT 


Xi 
• 
X5 


CY7C420 
IT 


CY7C421 
CY7C424 
CY7C425 
CY7C428 
IT 
CY7C429 


-= 
Xi 


• FIRST DEVICE 


C42Q-17 


Figure 1. Depth Expansion 


CY7C420, CY7C421, 
CY7C424 


CY7C425, CY7C428, 
CY7C429 


NORMALIZED 
SUPPLY CURRENT 
>s. SUPPLY VOLTAGE 
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tA 
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1.0 
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NORMALIZED 
tA CHANGE 
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WADING 


1.6 


@ 
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a: 
~ 
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OUTPUT 
SINK CURRENT 
vs. OUTI'UT 
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NORMALIZED 
lee >s. CYCLE 


FREQUENCY 
1.3 


1.1 
3 
o 
~ 
0.9 
:J 
c( 
~ 
0.7 
oz 


400 
600 
800 
1000 


CAPACITANCE (pF) 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


20 
CY7C420-20PC 
PI5 
Commercial 


CY7C420-20DC 
DI6 


25 
CY7C420-25PC 
PI5 
Commercial 


CY7C420-25DC 
016 


CY7C420-25PI 
PI5 
Industrial 


CY7C420-25DI 
Dl6 


CY7C420-25DMB 
DI6 
Military 


30 
CY7C420-30PC 
PI5 
Commercial 


CY7C420-30DC 
016 


CY7C420-30PI 
Pl5 
Industrial 


CY7C420-30DI 
DI6 


CY7C420-30DMB 
DI6 
Military 


40 
CY7C420-40PC 
PI5 
Commercial 


CY7C420-4ODC 
DI6 


CY7C420-4OPI 
PI5 
Industrial 


CY7C420-4ODI 
016 


CY7C420-4ODMB 
DI6 
Military 


65 
CY7C420-65PC 
PI5 
Commercial 


CY7C420-65DC 
016 


CY7C420-65PI 
PI5 
Industrial 


CY7C420-65DI 
DI6 


CY7C420-65DMB 
DI6 
Military 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


20 
CY7C421-20PC 
P2I 
Commercial 


CY7C42I-20JC 
J65 
CY7C42I-20VC 
V2I 
CY7C42I-20DC 
D22 
CY7C421-20LC 
L55 


25 
CY7C42I-25PC 
P2I 
Commercial 
CY7C42I-25JC 
J65 
CY7C42I-25VC 
V2I 
CY7C42I-25DC 
D22 
CY7C42I-25LC 
L55 
CY7C42I-25PI 
P2I 
Industrial 
CY7C42I-25JI 
J65 
CY7C42I-25DI 
D22 
CY7C42I-25DMB 
D22 
Military 


CY7C42I-25LMB 
L55 
CY7C42I-25KMB 
K74 


30 
CY7C42I-30PC 
P2I 
Commercial 
CY7C42I-30JC 
J65 
CY7C42I-30VC 
V2I 
CY7C42I-30DC 
D22 
CY7C421-30LC 
L55 
CY7C421-30PI 
P2I 
Industrial 
CY7C42I-30JI 
J65 
CY7C42I-30DI 
D22 
CY7C42I-30DMB 
D22 
Military 


CY7C42I-30LMB 
L55 
CY7C42I-30KMB 
K74 


40 
CY7C42I-40PC 
P2I 
Commercial 


CY7C42I-40JC 
J65 
CY7C42I-40VC 
V2I 
CY7C421-40DC 
D22 
CY7C42I-4OLC 
L55 
CY7C42I-4OPI 
P2I 
Industrial 


CY7C42I-40JI 
J65 
CY7C42I-4ODI 
D22 
CY7C42I-40DMB 
D22 
Military 


CY7C42I-40LMB 
L55 
CY7C42I-40KMB 
K74 


65 
CY7C42I-65PC 
P2I 
Commercial 


CY7C42I-65JC 
J65 
CY7C421-65VC 
V2I 
CY7C42I-65DC 
D22 
CY7C42I-65LC 
L55 
CY7C421-65PI 
P2I 
Industrial 
CY7C421-65JI 
J65 
CY7C42I-65DI 
D22 
CY7C421-65DMB 
D22 
Military 


CY7C42I-65LMB 
L55 
CY7C42I-65KMB 
K74 


• 


CY7C420, CY7C421, 
CY7C424 


CY7C425, CY7C428, 
CY7C429 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
1)'pe 
Range 


20 
CY7C424-20PC 
P15 
Commercial 


CY7C424-20DC 
D16 


25 
CY7C424-25PC 
P15 
Commercial 


CY7C424-25DC 
D16 


CY7C424-25PI 
P15 
Industrial 


CY7C424-25DI 
016 


CY7C424-25DMB 
D16 
Military 


30 
CY7C424-30PC 
P15 
Commercial 


CY7C424-30DC 
D16 


CY7C424-30PI 
P15 
Industrial 


CY7C424-30DI 
016 


CY7C424-30DMB 
D16 
Military 


40 
CY7C424-40PC 
P15 
Commercial 


CY7C424-40DC 
016 


CY7C424-4OPI 
P15 
Industrial 


CY7C424-4ODI 
D16 


CY7C424-4ODMB 
016 
Military 


65 
CY7C424-65PC 
PI5 
Commercial 


CY7C424-65DC 
D16 


CY7C424-65PI 
P15 
Industrial 


CY7C424-65DI 
DI6 


CY7C424-65DMB 
D16 
Military 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
1)'pe 
Range 


20 
CY7C425-20PC 
P21 
Commercial 


CY7C425-20JC 
J65 


CY7C425-20VC 
V21 


CY7C425-20DC 
D22 


CY7C425-20LC 
L55 


25 
C77C425-25PC 
P21 
Commercial 


CY7C425-25JC 
J65 


CY7C425-25VC 
V21 


CY7C425-25DC 
D22 


CY7C425-25LC 
L55 


CY7C425-25PI 
P21 
Industrial 


CY7C425-25JI 
J65 


CY7C425-25DI 
D22 


CY7C425-25DMB 
D22 
Military 


CY7C425-25LMB 
L55 


CY7C425-25KMB 
K74 


30 
CY7C425-30PC 
P21 
Commercal 


CY7C425-30JC 
J65 


CY7C425-30VC 
V21 


CY7C425-30DC 
D22 


CY7C425-30LC 
L55 


CY7C425-30PI 
P21 
Industrial 


CY7C425-30JI 
J65 


CY7C425-30DI 
D22 


CY7C425-30DMB 
D22 
Military 


CY7C425-30LMB 
L55 
CY7C425-30KMB 
K74 


40 
CY7C425-4OPC 
P21 
Commercial 


CY7C425-4OJC 
J65 


CY7C425-4OVC 
V21 


CY7C425-4ODC 
D22 
CY7C425-4OLC 
L55 


CY7C425-4OPI 
P21 
Industrial 


CY7C425-4OJI 
J65 
CY7C425-4ODI 
D22 
CY7C425-4ODMB 
D22 
Military 


CY7C425-4OLMB 
L55 
CY7C425-4OKMB 
K74 


65 
CY7C425-65PC 
P21 
Commercial 


CY7C425-65JC 
J65 
CY7C425-65VC 
V21 


CY7C425-65DC 
D22 


CY7C425-65LC 
L55 


CY7C425-65PI 
P21 
Industrial 


CY7C425-65JI 
J65 


CY7C425-65DI 
D22 


CY7C425-65DMB 
D22 
Military 


CY7C425-65LMB 
L55 
CY7C425-65KMB 
K74 


CY7C420, CY7C421, CY7C424 
CY7C425, CY7C428, 
CY7C429 


Speed 
Package 
Operating 
(ns) 
Ordering 
Code 
lYpe 
Range 


20 
CY7C428-2OPC 
P15 
Commercial 


CY7C428-2ODC 
D16 


25 
CY7C428-25PC 
P15 
Commercial 


CY7C428-25DC 
D16 


CY7C428-25PI 
P15 
Industrial 


CY7C428-25DI 
D16 


CY7C42825DMB 
D16 
Military 


30 
CY7C428-30PC 
P15 
Commercial 


CY7C428-30DC 
D16 


CY7C428-30PI 
P15 
Industrial 


CY7C428-30DI 
D16 


CY7C428-30DMB 
D16 
Military 


40 
CY7C428-4OPC 
P15 
Commercial 


CY7C428-40DC 
D16 


CY7C428-4OPI 
P15 
Industrial 


CY7C428-4ODI 
D16 


CY7C428-4ODMB 
D16 
Military 


65 
CY7C428-65PC 
P15 
Commercial 


CY7C428-65DC 
D16 


CY7C428-65PI 
P15 
Industrial 


CY7C428-65DI 
D16 


CY7C428-65DMB 
016 
Military 


Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
lYpe 
Range 


20 
CY7C429-2OPC 
P21 
Commercial 


CY7C429-2OJC 
J65 
CY7C429-2OVC 
V21 
CY7C429-2ODC 
D22 
CY7C429-2OLC 
1..55 


25 
CY7C429-25PC 
P21 
Commercial 


CY7C429-25JC 
J65 
CY7C429-25VC 
V21 
CY7C429-25DC 
D22 
CY7C429-25LC 
1..55 


CY7C429-25PI 
P21 
Industrial 
CY7C429-25JI 
J65 
CY7C429-25DI 
D22 
CY7C429-25DMB 
D22 
Military 


CY7C429-25LMB 
1..55 


CY7C429-25KMB 
K74 


30 
CY7C429-30PC 
P21 
Commercial 


CY7C429-30JC 
J65 
CY7C429-30VC 
V21 
CY7C429-30DC 
D22 
CY7C429-30LC 
1..55 


CY7C429-30PI 
P21 
Industrial 


CY7C429-30JI 
J65 
CY7C429-30DI 
D22 
CY7C429-30DMB 
D22 
Military 


CY7C429-30LMB 
1..55 


CY7C429-30KMB 
K74 


40 
CY7C429-4OPC 
P21 
Commercial 


CY7C429-4OJC 
J65 
CY7C429-4OVC 
V21 


CY7C429-40DC 
D22 
CY7C429-4OLC 
1..55 


CY7C429-40PI 
P21 
Industrial 


CY7C429-4OJI 
J65 
CY7C429-4ODI 
D22 
CY7C429-4ODMB 
D22 
Military 


CY7C429-4OLMB 
1..55 


CY7C429-4OKMB 
K74 


65 
CY7C429-65PC 
P21 
Commercial 


CY7C429-65JC 
J65 
CY7C429-65VC 
V21 


CY7C429-65DC 
D22 
CY7C429-65LC 
1..55 


CY7C429-65PI 
P21 
Industrial 
CY7C429-65JI 
J65 
CY7C429-65DI 
022 
CY7C429-65DMB 
D22 
Military 


CY7C429-65LMB 
1..55 


CY7C429-65KMB 
K74 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 
DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1LMax. 
1,2,3 


IIX 
1,2,3 
Icc 
1,2,3 
ISB1 
1,2,3 
ISB2 
1,2,3 
Ios 
1,2,3 


Parameters 
Subgroups 


tRC 
9,10,11 


tA 
9,10,11 


tRR 
9,10, 11 


tPR 
9,10,11 


tLZR 
9,10, 11 


toVR 
9,10, 11 


tHZR 
9,10, 11 


twc 
9,10, 11 


tpw 
9,10, 11 


tHwz 
9,10, 11 


tWR 
9,10, 11 


tso 
9,10, 11 


tHO 
9,10, 11 


tMRSC 
9,10, 11 


tpMR 
9,10, 11 


tRMR 
9,10, 11 


tRPw 
9,10, 11 


twpw 
9,10, 11 


tRTC 
9, 10, 11 


tpRT 
9,10, 11 


tRTR 
9,10, 11 


tEFL 
9,10, 11 


tHAl 
9,10, 11 


tFFH 
9,10, 11 


tREF 
9,10, 11 


tRFF 
9,10, 11 


tWEF 
9,10, 11 


tWFF 
9,10,11 


tWHF 
9,10,11 


tRHF 
9, 10, 11 


tRAE 
9, 10, 11 


tRPE 
9, 10, 11 


tWAF 
9, 10, 11 


tWPF 
9, 10, 11 


tXOL 
9,10, 11 


tXOH 
9,10,11 


-~~~ 
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Features 
• 
4096 x 9 FIFO buffer memory 


• 
Dual-port 
RAM cell 


• 
Asynchronous 
read/write 
• 
High-speed 28.S-MHz read/write 
independent 
of depth/width 


• 
2S-ns access time 
• 
Low operating 
power 


- 
lee (max.) = 142 mA commercial 


- 
lee (max.) = ISS mA military 


• 
Half Full flag in standalone 
• 
Empty and Full flags 
• 
Restransmit 
in standalone 
• 
Expandable 
in width and depth 


• 
Parallel cascade minimizes 
bubble-through 


• 
SV ± 10% supply 
• 
300-mil DIP packaging 
• 
300-mil SOJ packaging 
• 
TTL compatible 


• 
Three-state 
outputs 
• 
Pin compatible 
and functionally 


equivalent to IDT7204 


CY7C432 
CY7C433 


Function 
Description 


The CY7C432 and CY7C433 are first-in 
first-out 
(FIFO) 
memories 
offered 
in 


600-mil-wide and 300-mil-wide packages, 
respectively. They are 4096 words by 9 bits 
wide. Each FIFO 
memory 
is organized 


such that the data is read in the same se- 
quential order that it was written. Full and 
Empty flags are provided to prevent over- 
run and underrun. 
Three additional pins 
are also provided to facilitate unlimited ex- 
pansion 
in width, depth, 
or both. The 


depth expansion technique steers the con- 
trol signals from one device to another in 
parallel, thus eliminating the serial addi- 
tion 
of 
propagation 
delays, 
so 
that 
throughput is not reduced. Data is steered 
in a similar manner. 
The 
read and write operations 
may be 
asynchronous; each can occur at a rate of 
28.5 MHz. The_write 
operation 
occurs 
when the write ry.!) signal is LOW Read 
occurs when read (R) goes LOW The 9 
data outpu~ 
go to the high-impedance 
state when R is HIGH. 


Pin Configurations 


PLCC/LCC 
Top View 


• 
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DATA 
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cf' ef' ~ §1 10: 0" ef' 
(0,-0,) 
'" 
Mil 
C.32-2 


FLtAl' 


EF 
IT 


XOIHF 
C432-1 


A Half Full (HF) output flag is provided 
that is valid in the standalone and width ex- 
pansion configurations. 
In the dcpth ex- 


pansion 
configuration, 
this pin provides 


the expansion out (XO) information 
that 


is used to tell the next FIFO that it will be 
activated. 


In the standalone 
and width expansion 


configurations, a LOW on the restransmit 
(RT) input causes the FIFOs to restrans- 
mit the .QiIta. Read enable (R) and write 
enable (W) must both be I:!!GH during a 
restransmit cycle, and then R is used to ac- 
cess the data. 


The CY7C432 and CY7C433 are fabri- 
cated using advanced 
D.8-micron N-well 
CMOS technology. Input ESD protection 
is greater than 20DDVand latch-up is pre- 
vented by careful layout, guard rings, and 
a substrate bias generator. 


DIP 


Top View 
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7C432-25 
7C432-30 
7C432-40 
7C432-6 


7C433-25 
7C433-30 
7C433-40 
7C433-6 


Frequency (MHz) 
28.5 
25 
20 
12.5 


Access Time (ns) 
25 
30 
40 
65 


Maximum Of 
rating 
I Commercial 
142 
135 
125 
110 


Current (mA 
I Military/Industrial 
155 
145 
130 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65°Cto 
+ 150°C 
Static Discharge Voltage 
> 20DIV 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 
Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
> 200 mA 


Supply Voltage to Ground Potential 
- 0.5'1 to + 7.0'1 
Operating 
Range 


DC Voltage Applied to Outputs 
in High Z State. . . . . . . . . . . . . . . . . . . . . . . . .. - 0.5'1 to + 7.0'1 
DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0'1 to + 7.0'1 


Power Dissipation. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
0.88W 


Output Current, into Outputs (LOW) 
20 mA 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5'1 
:±: 10~f 


Industrial 
_40°C to +85°C 
5'1 
:±: 10')' 


Military[ll 
-55°C to + 125°C 
5'1 
:±: 10')' 


7C432-25 
7C432-30 
7C433-25 
7C433-30 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
'lee 
= Min., IOH = -2.0 mA 
2.4 
2..4 
V 


VOL 
Output LOW Voltage 
'lee 
= Min., IOL = 8.0 mA 
0.4 
0.4 
V 
V1H13] 
Input HIGH Voltage 
Com'l 
2.0 
'lee 
2.0 
'lee 
V 


MiVlnd 
2.2 
'lee 


'IlL 
Input LOW Voltage 
-3.0 
0.8 
-3.0 
0.8 
V 


I", 
Input Leakage Current 
GND ::; VI::; 
'lee 
-10 
+10 
-10 
+ 10 
~A 


Ioz 
Output Leakage Current 
R ~ 
VIH, GND::; 
'10::; 
'lee 
-10 
+10 
-10 
+10 
~A 


lee 
Operating Current 
'lee 
= Max., 
Com'II'] 
140 
135 
mA 


lOUT= 0 mA 
MiVlndl5] 
155 


ISBI 
Standby Current 
All Inputs = VIHMin. 
Com'l 
25 
25 
mA 


Milllnd 
30 


15B2 
Power-Down Current 
All Inputs 'lee -0.2'1 
Com'] 
20 
20 
mA 


Mil/lnd 
25 


I Ios 


Output Short 
'lee 
= Max., 'lOUT = GND 
-90 
-90 
mA 
Circuit Currentl6] 


Notes: 
1. 
TA is the "instant DO" case temperature. 


2. 
See the last page of this specificationfor Group A subgroup testing 
information. 
3. XI must use CMOS levelswith VIH2. 3.5Y. 
4. 
lee (commercial) = 110 mA + [(f - 12.5) • 2 mA/MHz] for 
f 2. 12.5 MHz 
where f = the larger of the write or read operating frequency. 


5. 
lee (military) = 130 mA + [(f .. 12.5) • 2 mA/MHz] for 
f 2. 12.5 MHz 
where f = the larger of the write or read operating frequency 


6. 
For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 
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7C432-40 
7C432-65 


7C433-40 
7C433-65 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = -2mA 
2.4 
2..4 
V 


VOL 
Output LOW Voltage 
Vee = Min.,IoL = 8.0 mA 
0.4 
0.4 
V 


V1H 
Input HIGH Voltage 
Com') 
2.0 
Vee 
2.0 
Vee 
V 


Mil/Ind 
2.2 
Vee 
2.2 
Vee 
V 


V1L 
Input LOW Voltage 
-3.0 
0.8 
-3.0 
0.8 
V 


IIX 
Input Leakage Current 
GND~VI~Vee 
-10 
+10 
-10 
+10 
llA 


Ioz 
Output Leakage Current 
R 2:: VIH,GND ~ 
Vo ~ 
Vee 
-10 
+10 
-10 
+10 
llA 


Ice 
Operating 
Current 
Vee = Max., 
Com'1141 
125 
110 
mA 


lOUT= 0 mA 
Mil/ 
145 
130 


IndlSI 


ISBI 
Standby Current 
All Inputs = Vm Min. 
Com'l 
25 
25 
mA 


Mil/Ind 
30 
30 


ISB2 
Power-Down Current 
All Inputs ~ 
Vee - 0.2V 
Com'] 
20 
20 
mA 


Mil/Ind 
25 
25 


Ios 
Output 
Short 
Circuit 
Vee = Max., VOUT= GND 
-90 
-90 
mA 
Currentl6] 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C,f= 
1 MHz, 
8 
pF 


COUT 
Output Capacitance 
Vee = 4.5V 
10 
pF 


Notes: 
7. 
Tesledinitiallyand afler anydesignor processchangesIhat mayaffect 
these parameters. 


AC Test Loads and Waveforms 


Rt 5OO.!l 
5V 
5V 


30 
PFI 


INCLUDING 
JIG AND 
_ 
SCOPE 
- 


5 
PFI 
INCLUDING 


JIG AND 
_ 


SCOPE 
- 


(a) 


THEVENIN 
EQUIVALENT 


2OO!l. 
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Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read Cycle Time 
35 
40 
50 
80 
ns 


tA 
Access Time 
25 
30 
40 
65 
ns 


tRR 
, 
Read Recovery 
Time 
10 
10 
10 
15 
ns 


tpR 
Read Pulse Width 
25 
30 
40 
65 
ns 


tLZR(lOI 
Read LOW to Low Z 
3 
3 
3 
3 
ns 
toVR[lO.111 
Read HIGH 
to Data Valid 
3 
3 
3 
3 
ns 


tHZR[lO.I1J 
Read HIGH 
to High Z 
18 
20 
25 
30 
ns 


twc 
Write Cycle Time 
35 
40 
50 
80 
ns 


tpw 
Write Pulse Width 
25 
30 
40 
65 
ns 


tHWZ[lOJ 
Write HIGH 
to Low Z 
10 
10 
10 
10 
ns 


tWR 
Write Recovery 
Time 
10 
10 
10 
15 
ns 


tso 
Data Set-Up 
Time 
15 
18 
20 
30 
ns 


tHO 
Data Hold Time 
0 
0 
0 
10 
ns 


tMRSC 
MR Cycle Time 
, 
35 
40 
50 
80 
ns 


tPMR 
MR Pulse Width 
25 
30 
40 
65 
ns 


tRMR 
MR Recovery 
Time 
10 
10 
10 
15 
ns 


tRPW 
Read HIGH 
to MR HIGH 
25 
30 
40 
65 
ns 


twpw 
Write HIGH 
to MR HIGH 
25 
30 
40 
65 
ns 


tRTC 
Retansmit 
Cycle Time 
35 
40 
50 
80 
ns 


tPRT 
Retransmit 
Pulse Width 
25 
30 
40 
65 
ns 


tRTR 
Retransmit 
Recovery 
Time 
10 
10 
10 
15 
ns 


tEFL 
MRtoEFLOW 
, 
35 
40 
50 
80 
ns 


tHFH 
MR toHFHIGH 
35 
40 
50 
80 
ns 


tFFH 
MR toFFHIGH 
35 
40 
50 
80 
ns 


tREF 
Read LOW 
to EF LOW 
25 
30 
35 
60 
ns 


tRFF 
Read HIGH 
to FF HIGH 
25 
30 
35 
60 
ns 


tWEF 
Write HIGH 
to EF HIGH 
25 
30 
35 
60 
ns 


tWFF 
Write LOW to FF LOW 
25 
30 
35 
60 
ns 


tWHF 
Wrtie LOW to HF LOW 
35 
40 
50 
80 
ns 


tRJIF 
Read HIGH 
to HF HIGH 
35 
40 
50 
80 
ns 


tRAE 
Effective 
Read from Write HIGH 
25 
30 
35 
60 
ns 


tRPE 
Effective 
Read Pulse Width after EF HIGH 
25 
30 
40 
65 
ns 


tWAF 
Effective 
Write from Read HIGH 
25 
30 
35 
60 
ns 


tWPF 
Effective 
Write Pulse Width after FF HIGH 
25 
30 
40 
65 
ns 


tXOL 
Expansion 
Out LOW Delay from Clock 
25 
30 
40 
65 
ns 


tXOH 
Expansion 
Out HIGH 
Delay from Clock 
25 
30 
40 
65 
ns 


Notes: 
8. 
Test conditions 
assume 
signal 
transition 
time of 5 os or less, timing 
ref- 


erence levels of 1.5V and output loading of the specified IOLIIOHand 
30 pF load capacitance, as in part (a) of AC Test Loads, unless other- 
wise 
specified. 
9. 
See the last page of this specification for Group A subgroup testing 
mformatlon. 


10. tHZRtransition ismeasured at + 500 mV from VOLand -500 mVfrom 
VOH' 
lDVR 
transition 
is measured 
at the 
1.5V 
level. 
lHWZ 
and 
lLZR 


transition 
is measured 
at ± 100 
mV from 
the steady 
state. 


11. tHzRand toVRuse capacitance loading as in part (a)of ACTcst Loads. 
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Switching Waveforms 


Asynchronous 
Read and Write 


w-e--~ r"4---.-/-- 
r:: Iso 
ltio :j 


00-08 -------K.. 
DATA VALID )1------~<DATA VALID >~---- 


HF 


FF //////7//////)&/7/74----------- 


Noles: 
12. Wand 
R 2. VIH for at least twpw or tRPR before 
the rising edge of MR. 
13. tMRSC = tpMR + tRMR· 


• 
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Switching Waveforms 
(continued) 


Last Write to First Read Full Flag 


Notes: 
14. EF, HF and FF may change state during retransmit as a result 
of the offset of the read and write pointers, 
but flags will be 
valid at tRTC' 
15. tRTC = tpRT + tRTR. 
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DATA VALID 


Iso ----i 
IA :::::1, 


DATA OUT -------'<.6Jl\ 
DATA VALID ><ZZ>'-------------------- 


• 


Switching Waveforms 
(continued) 


Expansion 
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Architecture 
The CY7C432133 
FIFOs consist of an array of 4096 words of 9 bits 


each (implemented 
by an array of dual-QQ.rt_RAM cells~ 
read 
~ter, 
a write pointer, control signals (W, R, XI, XO, FL, RT, 


MR), and Full, Half Full, and Empty flags. 


Dual-Port RAM 


The dual-port RAM architecture 
refers to the basic memory cell 


used in the RAM. The cell itself enables the read and write opera- 
tions to be independent 
of each other, which is necessary to 


achieve truly asynchronous 
operations of the inputs and outputs. 


A second benefit is that the time required to increment the read 
and write pointers is much less than the time that would be re- 
quired for data to propagate through the memory, which would be 
the case if the memory were implemented 
using the conventional 


register array architecture. 


Resetting the FIFO 


Upon power-up, the FIFO must be reset with a master reset (MR) 
cycle. This causes the FIFO to enter the empty condition signified 
by the empty flag (EF) being LOW, and bo.!!' the Half FEll (HF) 
and Full flag (FF)resetting 
to HIGH. Read (R) and write (W) must 


be HIGH tRPw/twpwbeFore and tRMRafter the rising edge of MR 
for a valid reset cycle. 


Writing Data to the FIFO 


The availability of an empty location is indicated ~ 
the HIGH 


state of the Full flag (FF). A falling edge of write (W) initiates a 
write cycle. Data appearing !!!,.theinputs (Do-D.) tso before and 
tHOafter the rising edge of W will be stored sequentially in the 
FIFO. 


The Empty flag (EF) LOW-to-HIGH 
transition occurs tWEFafter 


the first LOW-to-HIGH 
transition on the write clock of an empty 


FIFO. The Half Full flag (HF) will go LOW on the falling edge 
of the write clock following the occurrence of half full. HF will re- 
main LOW while less than one half of the total memory of this de- 
vice is available for writing. The LOW-to-HIGH 
transition of the 
HF flag occurs on the rising edge of read (R). HF is available in 
single device_mode only. The Full flag (FF) goes LOW on the fail- 
ing edge of W during the cycle in which the last available location 
in the FIFO is written, prohibiting overflow. FF goes HIGH tRFF 
after the completion of a valid read of a full FIFO. 


Reading Data from the FIFO 


The falling edge of read (R) initiates a read cycle if the Empty flag 
(EF) is not LOW. Data outputs (Oo-Q.) are in a high-impedance 
condition between read operations (R HIGH), when the FIFO is 
empty, or when the FIFO is in the depth expansion mode but is 
not the active device. 


The falling edge of R during the last read cycle beFore the empty 
condition triggers a HIGH-to-LOW 
transition of EF, prohibiting 


any further read operations until tWEFafter a valid write. 


Retransmit 


The retransmit feature is beneficial when transferring 
packets of 


data. It enables the receipt of data to be interrogated by the receiv- 
er and retransmitted 
if necessary. 


The retransmit (RT) input is active in the single device mode only. 
The retransmit feature is intended for use when 4096 or less writes 
have occurred since the previous MR cycle. A LOW pulse on RT 
resets the internal read pointer to the firs!"physi~ 
location of the 


FIFO. The write pointer is unaffected. 
Rand 
W must both be 


HIGH during a retransmit cycle. Full, Half Full, and Empty flags 
are governed by the relative locations of the read and write point- 
ers and will be updated by a retransmit operation. 
After a retransmit cycle, previously read data may be reaccessed 
using R to initiate standard 
read cycles beginning with the first 


physical location. 


Single Device/Width Expansion 
Modes 


Sin~ 
device and width expansion modes are entered by connect- 
i!!& XI tQ.ground prior to an MR cycle. During these modes the 
HF and RT features are available. FIFOs can be expanded in width 
to provide word widths greater than 9 in increments of 9. During 
width expansion mode all control line inputs are common to all de- 
vices and flag outputs from any device can be monitored. 


Depth Expansion Mode (see Figure 1) 


Depth expansion mode is entered when, during a MR cycle, ~an- 
sion Out (XO) of one device is connected to expansion in (XI) of 
the next device, with XO of the last device connected to XI of the 
first device. In the depth expansion mode the first load (FL) input, 
when grounded, 
indicates that this part is the first part to be 


loaded. All other devices must have this pin HIGH. To enable the 
correct FIFO, XO is pulsed LOW when the last physical location 
of the previous FIFO is written to and is pulsed LOW again when 
the last physical location is read. Only one FIFO is enabled for 
read and one is enabled for write at any given time. All other de- 
vices are in standby. 


FIFOs can also be expanded simultaneously 
in depth and width. 


Consequently, 
any depth or width FIFO can be created of word 


widths in increments of 9. When e~nding 
in depth, a composite 


FF mun..be created by ORing the FFs together. Likewis~ 
com- 
posite EF is created by ORing the EFs together. HF and RT func- 
tions are not available in depth expansion mode. 
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Figure 1. Depth Expansion 
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CAPACITANCE (pF) 


• 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


25 
CY7C432-25PC 
P15 
Commercial 


CY7C432-25DC 
D16 


30 
CY7C432-30PC 
P15 
Commercial 


CY7C432-30DC 
D16 


CY7C432-30PI 
P15 
Industrial 


CY7C432-30DI 
D16 


CY7C432-30DMB 
D16 
Military 


40 
CY7C432-40PC 
P15 
Commercial 


CY7C432-40DC 
016 


CY7C432-40PI 
P15 
Industrial 


CY7C432-40DI 
016 


CY7C432-40DMB 
D16 
Military 


65 
CY7C432-65PC 
P15 
Commercial 


CY7C432-65DC 
D16 


CY7C432-65PI 
P15 
Industrial 


CY7C432-65DI 
D16 


CY7C432-65DMB 
016 
Military 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


25 
CY7C433-25PC 
P21 
Commercial 


CY7C433-25VC 
V21 


CY7C433-25DC 
D22 


CY7C433-25LC 
1.55 


CY7C433-25JC 
J65 


30 
CY7C433-30PC 
P21 
Commercial 


CY7C433-30VC 
V21 


CY7C433-30DC 
D22 


CY7C433-30LC 
1.55 


CY7C433-30JC 
J65 


CY7C433-30PI 
P21 
Industria 


CY7C433-30DI 
D22 


CY7C433-30JI 
J65 


CY7C433-30DMB 
D22 
Military 


CY7C433-30LMB 
1.55 


CY7C433-30KMB 
K74 


40 
CY7C433-4OPC 
P21 
Commercial 


CY7C433-4OVC 
V21 


CY7C433-4ODC 
D22 


CY7C433-4OLC 
1.55 


CY7C433-4OJC 
J65 


CY7C433-40PI 
P21 
Industrial 


CY7C433-40DI 
D22 


CY7C433-40JI 
J65 


CY7C433-40DMB 
D22 
Military 


CY7C433-40LMB 
1.55 


CY7C433-40KMB 
K74 


65 
CY7C433-65PC 
P21 
Commercial 


CY7C433-65VC 
V21 


CY7C433-65DC 
D22 


CY7C433-65LC 
1.55 


CY7C433-65JC 
J65 


CY7C433-65PI 
P21 
Industrial 


CY7C433-65DI 
D22 


CY7C433-65JI 
J65 


CY7C433-65D MB 
D22 
Military 


CY7C433-65LMB 
1.55 


CY7C433-65KMD 
K74 


CY7C432 
CY7C433 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 
DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1LMax. 
1,2,3 


Ill( 
1,2,3 


Icc 
1,2,3 


IS81 
1,2,3 


IS82 
1,2,3 


Ios 
1,2,3 


Parameters 
Subgroups 


IRC 
9, 10, 11 


IA 
9, 10, 11 


IRR 
9,10, 11 


IPR 
9,10,11 


ILZR 
9,10,11 


IOVR 
9,10,11 


IHZR 
9,10, 11 


lwc 
9,10, 11 


lpw 
9,10, 11 


IHWZ 
9, 10, 11 


IWR 
9, 10, 11 


Iso 
9, 10, 11 


IHO 
9,10,11 


IMRSC 
9, 10, 11 


IPMR 
9,10,11 


IRMR 
9, 10, 11 


IRPW 
9,10,11 


lwpw 
9,10,11 


IRTC 
9,10, 11 


IpRT 
9, 10, 11 


IRTR 
9, 10, 11 


IEFL 
9,10,11 


IHFH 
9, 10, 11 


IFFH 
9, 10, 11 


IREF 
9,10, 11 


IRFF 
9,10, 11 


lWEF 
9, 10, 11 


IWFF 
9,10, 11 


IWHF 
9,10, 11 


IRHF 
9,10, 11 


lRAE 
9,10, 11 


IRPE 
9,10, 11 


tWAF 
9,10, 11 


IWPF 
9,10, 11 


IXOL 
9,10,11 


IXOH 
9, 10, 11 
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Features 


• 
2048 x 9 FIFO buffer memory 
• 
Bidirectional 
operation 
• 
High-speed 28.S-MHz asynchronous 
reads and writes 


• 
Simple control interface 
• 
Registered and transparent 
bypass 
modes 
• 
Flags indicate Empty, Full, and Half 
Full conditions 


• 
SV ± 10% supply 
• 
Available in 300-mil DIP, PLCC, 
LCC, and SOJ packages 


• 
TTL compatible 


Functional Description 


The CY7C439 is a 2048 x 9 FIFO memory 
capable of bidirectional operation. As the 
term first-in first-out (FIFO) implies, data 
becomes available to the output port in the 
same order that it was presented to the in- 
put port. There are two pins that indicate 
the amount of data contained 
within the 
FIFO block-EiF' 
(Empty/Full) 
and HF 
(Half Full). These pins can be decoded to 
determine 
one of four states. 
Two 9-bit 
data ports are provided. The direction se- 
lected for the FIFO determines 
the input 
and output ports. The FIFO direction can 
be programmed 
by the user at .!!.'.!Y. time 
through the use of the rese~R) 
and 
the bypass/direction 
pin (BYPA). There 
are no control or status registers on the 
CY7C439, making the part simple to use 


while meeting the needs of the majority of 
bidirectional 
FIFO applications. 


FIFO read and write operations may occur 
simultaneously, 
and each can occur at up 


to 28.5 MHz. The port designated 
as the 


write port drives its strobe pin (STBX X 
= A or B) WW to initiate the write oper- 
ation. The port designated as the read port 
drives its strobe pin LOW to initiate the 
read operation. 
Output port pins go to a 


high-impedance state when the associaced 
strobe pin is HIGH. All normal FIFO op- 
erations 
require 
the bypass control 
pin 


(BYPX, X = A or B) to remain HIGH. 


In addtion 
to the FIFO, 
two other d3ta 


paths are provided; registered bypass and 
transparent 
bypass. Registered bypass (;an 


be considered as a single-word FIFO in the 
reverse direction to the main FIFO. The 
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C439-3 


7C439-2S 
7C439-30 
7C439-40 
7C439-6S 


Frequency (MHz) 
28.5 
25 
W 
12.5 


Maximum Access Time (ns) 
25 
30 
40 
65 


Maximum 0serating 
I Commercial 
147 
140 
130 
115 
Current (mA 
I Military 
160 
145 


Maximum 
Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Latch-Up Current 
. 


Ambient Temperature 
with 


Power Applied 
- 55°C to + 125°C 


Supply Voltage to Ground Potential 
- 0.5V to + 7.OV 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


Power Dissipation. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
l.OW 


Output Current into Outputs (LOW) 
20 mA 


Static Discharge Voltage 
> 2001V 


(per MILrSTD-883, Method 3015) 


bypass register provides a means of sending a 9-bit status or control 
word to the FIFO-write port. The bypass data available pin (BDA) 
indicates whether the bypass register is full or empty. The direction 
of the bypass register is always opposite to that of the main FIFO. 


The port designated to write to the bypass register drives its bypass 
control pin (BYPX) Ww. The other port detects the presence of 
data by monitoring BDA and reads the data by driving its bypass 
control pin (BYPX) Ww. Register~ass 
operations 
require 
that the associated FIFO strobe pin (STBX) remains HIGH. Reg- 
istered bypass operations do not affect data residing in the FIFO, 
or FIFO operations 
at the other port. 
Transparent bypass provides a means of transferring a single word 
(9 bits) of data immediately in either direction. This feature allows 


Signal 
Name 
I/O 
Description 


~8-<l) 
VO 
Data Port Associated with BYPA and STBA 


~8-<l) 
VO 
Data Port Associated with BYPB and STBB 


BYPA 
I 
Registered Bypass Mode Select for A Side 


BYPB 
I 
Registered Bypass Mode Selectr for B Side 


BDA 
0 
Bypass Data Available Flag 


STBA 
I 
Data Strobe for A Side 


STBB 
I 
Data Strobe for B Side 


E/F 
0 
Encoded Empty/Full Flag 


HF 
0 
Half Full Flag 


MR 
I 
Master Reset 


the device to act as a simple 9-bit bidirectional buffer. This isuseful 
for allowing the controlling circuitry to access a dumb peripheral 
for controVprogramming 
information. 


For transparent 
bypass, the port wishing to send immediate data 


to the other side drives both its bypass and its strobe pins LOW 
simultaneously. This causes the buffered data to be driven out of 
the other port. On-ehip circuitry detects conflicting use of the con- 
trol pins and causes both data ports to enter a high-impedance 
state until the conflict is resolved. 


The CY7C439 is fabricated using an advanced 0.8i! N-well CMOS 
technology. Input ESD protection isgreater than 2OO0Vand latch- 
up is prevented by reliable layout techniques, guard rings, and a 
substrate bias generator. 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to +7O°C 
5V ± 10% 


MilitaryPJ 
- 55°C to + 125°C 
5V ± 10% 


NOles: 


1. 
TA is the Uinstant on" case temperature. 
• 


7C439-25 
7C439-30 
7C439-40 
7C439-65 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH 
Vee = Min., IOH = ~ 2.0 mA 
2.4 
2.4 
2.4 
2.4 
V 


Voltage 


VOL 
Output LOW 
Vee = Min., IOL = 8.0 mA 
0.4 
0.4 
0.4 
0.4 
V 


Voltage 


V1H 
Input HIGH 
Com'l 
2.2 
Vee 
2.2 
Vee 
2.2 
Vee 
2.2 
Vee 
V 


Voltage 
Mil 
2.2 
Vee 
2.2 
Vee 
2.2 
Vee 
2.2 
Vee 
V 


V1L 
Input LOW 
- 3.0 
0.8 
- 3.0 
0.8 
- 3.0 
0.8 
- 3.0 
0.8 
V 


Voltage 


IIX 
Input Leakage 
GND.::;. VI~Vee 
-10 
+10 
-10 
+10 
-10 
+10 
-10 
+10 
J.lA 


Current 


Ioz 
Output Leakage 
STBX 2:. VIH,GND .::;.V0 
- 10 
+10 
- 10 
+ 10 
- 10 
+10 
-10 
+10 
J.lA 


Current 
< Vee 


lee 
Operating Current 
Vee = Max., 
Com']13] 
147 
140 
130 
115 
mA 


lOUT= 0 mA 
Mi]14] 
160 
145 


ISB! 
Standby Current 
All Inputs = VIHMin. 
Com'] 
40 
40 
40 
, 
40 
mA 


Mil 
45 
45 


ISB2 
Power-Down 
All Inputs Vee - 0.2V 
Com'] 
20 
20 
20 
20 
mA 


Current 
Mil 
25 
25 


Ios 
Output Short 
Vee = Max., VOUT= GND 
- 90 
- 90 
- 90 
- 90 
mA 


Circuit Currentl5] 


Parameters 
Description 
Test Conditions 
Max. 
Units 
C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
8 
pF 


COUT 
Output Capacitance 
Vee = 4.5V 
10 
pF 


Notes: 
2. 
See the last page of this specificationfor Group A subgroup testing 
information. 


3. 
Ice (commercial) =)15 mA + [(1- 12.5) . 2 mA/MHz] 
for 
_ 
f212.5 
MHz 
where f = the larger of the write or read 


operating frequency. 
4. 
Ice (milita!)') = 145_mA+ [(1- 12.5)' 2 mAIM Hz] for 
_ 
f212.5 
MHz 


where f = the larger of the write or read 


operating frequency. 


5. 
For 
test purposes, not more 
than one output 
at a time should be 


shorted. Short circuit test duration should not exceed 30 seconds. 
6. 
Testedinitiallyand after anydesignor processchangesthat moy"ffect 
these parameters. 


5V~R15000 


OUTPUT 


30 pF 
R2 
3330 
INCLUDING1 _ 
JIG AND 
- 
SCOPE 


R15000 
5V31 


OUTPUT 


5 pF 
R2 
3330 


INCLUDINGl 
_ 


JIG AND 
- 
SCOPE 


THEVENIN EQUIVALENT 


2000 


7C439-25 
7C439-30 
7C439-40 
7C439-65 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read Cycle Time 
35 
40 
50 
80 
ns 


tA 
Access Time 
25 
30 
40 
65 
ns 


tRR 
Read 
Recovery 
Time 
10 
10 
10 
15 
ns 


tpR 
Read Pulse Width 
25 
30 
40 
65 
ns 


tLZR(9.!O] 
Read LOW to Low Z 
3 
3 
3 
3 
ns 


tOVR[9.101 
Read HIGH 
to Data Valid 
3 
3 
3 
3 
ns 


tHZR19.101 
Read HIGH 
to High Z 
18 
20 
25 
30 
ns 


twc 
Write Cycle Time 
35 
40 
50 
80 
ns 


tpw 
Write Pulse Width 
25 
30 
40 
65 
ns 


tHWZ[9.101 
Write HIGH 
to Low Z 
10 
10 
10 
10 
ns 


tWR 
Write Recovery 
Time 
10 
10 
10 
15 
ns 


tso 
Data Set-Up 
Time 
15 
18 
20 
30 
ns 


tHO 
Data Hold Time 
0 
0 
0 
10 
ns 


tMRSC 
MR Cycle Time 
35 
40 
50 
80 
ns 


tPMR 
MR Pulse Width 
25 
30 
40 
65 
ns 


tRMR 
MR Recovery 
Time 
10 
10 
10 
15 
ns 


tRPS 
STBX HIGH 
to MR HIGH 
25 
30 
40 
65 
ns 


tRPBS 
BYPA to MR HIGH 
10 
10 
15 
20 
ns 


tRPBH 
BYPA Hold after MR HIGH 
0 
0 
0 
0 
ns 


tBOH 
MR LOW to BDA HIGH 
35 
40 
50 
80 
ns 


tBSR 
STBX HIGH 
to BYPA LOW 
10 
10 
10 
15 
ns 


tEFL 
MR to ElF LOW 
35 
40 
50 
80 
ns 


tHFH 
MR toHFHIGH 
35 
40 
50 
80 
ns 


tBRS 
BYPX HIGH 
to STBX 
LOW 
10 
10 
10 
15 
ns 


tREF 
STBX LOW 
to ElF LOW (Read) 
25 
30 
35 
60 
ns 


tRFF 
STBX HIGH 
to ElF HIGH 
(Read) 
25 
30 
35 
60 
ns 


tWEF 
STBX HIGH 
to ElF HIGH 
(Write) 
25 
30 
35 
60 
ns 


tWFF 
STBX LOW to ElF LOW (Write) 
25 
30 
35 
60 
ns 


tBOA 
BYPX HIGH 
to BDA LOW (Write) 
25 
30 
35 
60 
ns 


tBOB 
BYPX HIGH 
to BDA HIGH 
(Read) 
25 
30 
35 
60 
ns 


tBA 
BYPX LOW 
to Data Valid (Read) 
30 
30 
40 
60 
ns 


tBIIZ(9.lOJ 
BYPX HIGH 
to High Z (Read) 
18 
20 
25 
30 
ns 


tTSB 
STBX HIGH 
to BYPX LOW Set-Up 
10 
10 
10 
15 
ns 


tTBS 
STBX LOW 
after BYPX LOW 
0 
10 
0 
10 
0 
10 
0 
10 
ns 


tTSN 
STBX HIGH 
Recovery 
Time 
10 
10 
10 
15 
ns 


tTSO[9.101 
STBX HIGH 
to Data High Z 
18 
20 
25 
30 
ns 


tTBN 
BYPX HIGH 
Recovery 
Time 
10 
10 
10 
15 
ns 


tTBO 
BYPX HIGH 
to Data High Z 
18 
20 
25 
30 
ns 


7C439-25 
7C439-30 
7C439-40 
7C439-65 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


ITpol9,IOI 
STBX LOW to Data Valid 
20 
20 
30 
55 
liS 


tOL 
Transparent 
Propagation 
Delay 
20 
20 
25 
30 
liS 


tESO[9,lOj 
STBX LOW 
to High Z 
18 
20 
25 
30 
liS 


tEBO[9,tOI 
BYPX LOW to High Z 
18 
20 
25 
30 
liS 


tEDS 
STBX HIGH 
to Low Z 
18 
20 
25 
30 
liS 


tEOB 
BYPX HIGH 
to Low Z 
18 
20 
25 
30 
TIS 


tBPW 
BYPX Pulse Width (Trans.) 
25 
30 
40 
65 
TIS 


tTSP 
STBX Pulse Width (Trans.) 
20 
20 
30 
55 
TIS 


tBLZ[9,lOj 
BYPX LOW to Low Z (Read) 
10 
10 
10 
10 
TIS 


tBov 
BYPX HIGH 
to Data Invalid (Read) 
3 
3 
3 
3 
ns 


tWHF 
STBX 
LOW to HF LOW (Write) 
35 
40 
50 
80 
TIS 


tRHF 
STBX HIGH 
to HF HIGH 
(Read) 
35 
40 
50 
80 
ns 


tRAE 
Effective 
Read 
from Write HIGH 
25 
30 
35 
60 
r.s 


tRPE 
Effective 
Read 
Pulse 
Width 
after 
ElF 
25 
30 
40 
65 
rs 


HIGH 


tWAF 
Effective 
Write from Read HIGH 
25 
30 
35 
60 
f'S 


tWPF 
Effective 
Write 
Pulse 
Width 
after 
ElF 
25 
30 
40 
65 
f'S 


HIGH 


tBSU 
Bypass Data Set-Up 
Time 
15 
18 
20 
30 
rs 


tBHL 
Bypass Data Hold Time 
0 
0 
0 
10 
rs 


Notes: 
7. 
lest conditions 
assume signal transition 
time of 5 os or less, timing ref- 


erence levels of 1.5V,and output loading of the specified 10L/IoHand 
30-pF load capacitance as in part (a) of AC Test Loads, unless other- 
wise specified. 


8. 
See the last page of this specification for Group A subgroup testing 
information. 


9. 
tOVR, lBDV. tHZR, tTOD. 18HZ, tEBD. tESD, 11'$0, 
tLZR, 
tl-lwz. 
and 
IOLZ 


use capacitance loading as in part (b) of AC lCst Loads. 
10. 
tHZR. haD, 
18HZ. 
tEBD. 
tESD. and tTSD transition is measured at + 500 


mV from VOL and - 500 mV from 
Vou- 
tovR and taoY transition 
is 


measured at the 1.5V level. tLZR. 
tHwZ, 
and tBLZ transition is mea- 
sured at ± 100 mV from the steady state. 


-J 
t 
we 
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Switching Waveforms (continued) 


Last Read to First Write Empty/Full FlagTiming Diagramll2) 


DATA OUT 


(PORT B) 


DATA OUT 


(PORT B) 


Switching Waveforms (continued) 


Registered Bypass Read Timing Diagram11J] 


Notes: 
13. Port B selected to read bypass register (FIFO direction Port B to 
Port A). 


14. Port A selected to write bypass register (FIFO direction Port B to 
Port A. 


• 


Exception Condition Timing Diagram[l5] 


STBA 
/ 
---------_/ 


Architecture 


The CY7C439 consists of a 2048 by 9-bit dual-ported RAM array, 
a read pointer, a write pointer, data switching circuit~fers, 
a 
bypass regiE~, control signals (STBA, STBB, BYPA, BYPB, MR), 
and flags (ElF, HF, BDA). 


Operation 
at Power-On 


AutQ!!!..aticpower-Q!l..!:esetis provided; the FIFO is cleared, BDA 
and HF go HIGH, ElF goes LOW; FIFO direction is Port A to Port 
B. At power-{)n the user can initialize the device by choosing the 
direction of FIFO operation (see Table 1)and pulsing MR LOW 
There is a minimum low period for MR, but no maximum time. 
The state of BYPA is latched internally by the rising edge of MR 
and used to determine 
the direction of subsequent 
data opera- 
tions. 


Resetting the FIFO 


During the time MR is LO'!Y;lhe FIFO tri-states the data ports, 
sets BIlA and HF !!IGH, 
ElF LOW; and ignores the state of 


BYPNB and STBNE. 
The bypass registers are initialized to zero. 
During this time the user is expected to set the direction of the 
FIFO by driving BYPA HIGH or LOW; and BYPB, STBA, and 
STBB HIGH. Following the rising edge ofMR, the FIFO memory 
is cleared. If BYPA is LOW (selecting direction 13>A), the FIFO 
will then remain in a reset condition until the user terminates the 
reset operstion by driving BYPA HIGH. If BYPA is HIGH (select- 
ing direction A > B), the reset condition terminates after the rising 
edge of MR. The entire reset phase can be accomplished in one 
cycle time of tRC. 


FIFO Operation 


The operation of the FIFO requires only one control pin per port 
(STBX). The user determines the direction of the FIFO data flow 
by initiating an MR cycle (see Table 1), which clears the FIFO and 
bypass register and sets the data path and control signal multiplex- 
ers. The bypass register is configured in the opposite direction to 
the FIFO data flow. The FIFO direction can be reversed at any 
time by initiating another MR cycle. Data is written into the FIFO 
on the rising edge of the input, STBX, and read from the FIFO 
by a low level at the output, STBX. The two ports are asynchro- 
nous and independent. If the user attempts to read the FIFO when 
it is empty, no action takes place (the read pointer is not increm- 


ented) until the other port writes to the FIFO. Then a bu ble- 
through read takes place, in which the read strobe is generated in- 
ternally and the data becomes available at the read port shortly 
thereafter if the read strobe (STBX) is still LOW Similarly, for an 
attempted write operation when the FIFO is full, no internal oper- 
ation takes place until the other port performs a read operation, 
at which time the bubble-through 
write is performed 
if the write 


strobe (STBX) is still LOW 


Registered Bypass Operation 


The registered bypass feature provides a means of transferring one 
9-bit word of data in the opposite direction to normal data flow 
without affecting either the FIFO contents or the FIFO write op- 
erations at the other port. The bypass register is configurcd during 
reset to provide a data path in the opposite direction to that 
f the 


FIFO (see Table 1). For example, if port A is writing data .!!> the 
FIFO (hence port 13is reading data from the FIFO) then BYPI3 
is used to write to the bypass register at port 13,and BYPA is used 
to read a single word from the bypass register at port A. The bypass 
data available f1a&.@QA)isgenerated 
to notify port A that bypass 


data is available. BDA goes true on the trailing edge of the BYPX 
write operation and false upon the trailing edge of the BYPX read 
operation. 


Data is written on the rising edge ofBYPX into the bypass register 
for later retrieval by the other port, regardless of the state of BDA. 
The bypass register is read by a low level at BYPX, regardless of 
the state of BDA. 


'fransparent 
Bypass Operation 


The transparent 
bypass feature provides a means of sending im- 
mediate data "around" 
the FIFO in either direction. The FIFO 


contents are not affected by the use of transparent 
bypass, but the 


control signals for transparent 
bypass are shared with those of the 


normal FIFO operation. 
Hence there are limitations on the use 


of transparent 
bypass to ensure that data integrity and ease of use 


are preserved. The port wishing to send immediate data mus: en- 
sure that the other port will not attempt a FIFO read or write dur- 
ing the transparent 
bypass cycle. If this is not possible, registered 


bypass or external circuitry should be used. 


be buffered to the other (port B) after toe. Either port can initiate 
a transparen1..b~o~ration 
at any time, but if the control sig- 


nals (STBNB, 
BYPNB) are in conflict (exceplton condItIon), In- 


ternal circuitry will switch both ports to high-impedance 
until the 


conflict is resolved. 


Architecture 
(continued) 


Transparent 
bypass mode is initiated by bringing both BYPA and 


STBA LOW together. Care should be taken to observe the follow- 
ing constraints on the timing relationships. Since STBA is used for 
normal FlFO operations, it must follow BYPA falling edge ~ 
to prevent erroneous FlFO read or write operations. Since BYPA 
Flag Operation 


is used alone to initiate registered bypass read and write, it is inter- 
There are two flags, Empty/Full (E/F) and Half Full (HF), which 
nally delayed before initiating registered bypass. IfSTBA falls dur- 
are used to decode four FlFO states (see Table 4). The states are 
ing this time, delay registered bypass is averted, and transparent 
empty, 1-1024 locations full, 1025-=~47 locations full, and full. 


bypass is initiated. Identical arguments apply to BYPB and STBB. 
Note that two conditions cause the E/F pin to go LOW, Empty and 
If a transparent bypass sequence issuccessfully accomplished, data 
Full, hence both flag pins must be used to resolve the two condi- 
presented to the initiating port (port A in the above discussion) will 
tions. 


Table 1. FIFO Direction Select Truth Table 


MR 
BYPA 
BYPB 
STBA 
STBB 
Action 


1 
X 
X 
X 
X 
Normal Operation 


...r 
1 
1 
1 
1 
FlFO Direction A to B, Registered Bypass Direction B to A 


...r 
0 
1 
1 
1 
FlFO Direction B to A, Registered Bypass Direction A to B 


0 
X 
X 
X 
X 
Internal Reset 


Direction 
STBA 
BYPA 
STBB 
BYPB 
Action 


AtB 
1I 
1 
1I 
1 
Normal FlFO Operations, 
Write at A, Read at B 


AtB 
1 
1I 
1I 
1 
Normal FIFO Read at B, Bypass Register Read at A 


A.B 
1I 
1 
1 
1I 
Normal FlFO Write at A, Bypass Register Write at B 


BM 
1I 
1 
1I 
1 
Normal FlFO Operations, 
Write at B, Read at A 


BM 
1 
1I 
1I 
1 
Normal FlFO Write at B, Bypass Register Write at A 


BM 
1I 
1 
1 
1I 
Normal FlFO Read at A, Bypass Register Read at B 


X 
0 
0 
1 
1 
No FlFO Operations, 
Transparent 
Data A to B 


X 
1 
1 
0 
0 
No FlFO Operations, 
Transparent 
Data B to A 


Direction 
STBA 
BYPA 
STBB 
BYBP 
Action 


X 
0 
1 
0 
0 
Data Buses High Impedance 


X 
1 
0 
0 
0 
Data Buses High Impedance 


X 
0 
0 
0 
0 
Data Buses High Impedance 


X 
0 
0 
1 
0 
Data Buses High Impedance 


X 
0 
0 
0 
1 
Data Buses High Impedance 


E/F 
HF 
State 


0 
1 
Empty 


1 
1 
1-1024 Locations Full 


1 
0 
1025-2047Locations Full 


0 
0 
Full 


• 


Speed 
Package 
Operating 
(ns) 
Ordering 
Code 
lYpe 
Range 


25 
CY7C439-25PC 
P21 
Commercial 


CY7C439-25JC 
J65 


CY7C439-25VC 
V21 


CY7C439-250C 
022 


CY7C439-25LC 
L55 


30 
CY7C439-30PC 
P21 
Commercial 


CY7C439-3OJC 
J65 
CY7C439-30VC 
V21 


CY7C439-300C 
022 


CY7C439-30LC 
L55 
40 
CY7C439-4OPC 
P21 
Commercial 


CY7C439-4OJC 
J65 


CY7C439-4OVC 
V21 


CY7C439-400C 
022 


CY7C439-4OLC 
L55 


CY7C439-400MB 
022 
Military 


CY7C439-4OLMB 
L55 
CY7C439-4OKMB 
K74 


65 
CY7C439-65PC 
P21 
Commercial 
CY7C439-65JC 
J65 
CY7C439-65VC 
V21 
CY7C439-65DC 
022 


CY7C439-65LC 
L55 
CY7C439-650MB 
022 
Military 
CY7C439-65LMB 
L55 
CY7C439-65KMB 
K74 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 
VOH 
1,2,3 


VOL 
1,2,3 
VIH 
1,2,3 
V1LMax. 
1,2,3 
II)( 
1,2,3 


Ice 
1,2,3 
IS81 
1,2,3 
1582 
1,2,3 
105 
1,2,3 


Parameters 
Subgroups 


tRC 
9, 10, 11 


tA 
9, 10, 11 


tRR 
9, 10, 11 


tPR 
9,10,11 


tLZR 
9,10, 11 


tOVR 
9,10,11 


tHZR 
9,10, 11 


twc 
9,10, 11 


tpw 
9, 10, 11 


tHwz 
9,10, 11 


tWR 
9,10,11 


tso 
9,10,11 


tHO 
9,10,11 


tMRSC 
9,10, 11 


tPMR 
9, 10, 11 


tRMR 
9, 10, 11 


tRPS 
9, 10, 11 


tRPBS 
9,10, 11 


tRPBH 
9, 10, 11 


tBOH 
9,10, 11 


tBSR 
9, 10, 11 


tEFL 
9,10, 11 


tHFH 
9,10, 11 


tBRS 
9, 10, 11 


tREF 
9, 10, 11 


tRFF 
9, 10, 11 


tWEF 
9, 10, 11 


tWFF 
9, 10, 11 


tWHF 
9, 10, 11 


tRHF 
9,10, 11 


tRAE 
9, 10, 11 


tRPE 
9,10,11 


tWAF 
9,10,11 


tWPF 
9,10,11 


tBSU 
9, 10,11 


tBHL 
9, 10, 11 


tBOA 
9,10, 11 


tBOB 
9, 10, 11 


tBA 
9,10, 11 


tBl-IZ 
9,10, 11 


tTSB 
9,10, 11 


hBS 
9, 10, 11 


tTSN 
9, 10, 11 


tTSo 
9, 10, 11 


hBN 
9, 10, 11 


tTBO 
9, 10, 11 


tTPO 
9,10,11 


tOL 
9, 10, 11 


tESO 
9, 10, 11 


tEBO 
9,10, 11 


tEOS 
9, 10, 11 


tEOB 
9, 10, 11 


tBPw 
9, 10, 11 


tTSP 
9, 10, 11 


tBLZ 
9, 10, 11 


tBOv 
9, 10, 11 


CYPRESS 
SEMICONDUCTOR 


Features 


• 
512 x 9 (CY7C44I) and 2,048 x 9 
(CY7C443) FIFO buffer memory 
• 
High-speed 70-MHz operation 
• 
Supports free-running 
50% duty cycle 


clock inputs 
• 
Empty, Almost Empty, and Almost 
Full status flags 
• 
Fully asynchronous 
and simultaneous 
read and write operation 


• 
Width expandable 
• 
Independent 
read and write enable 
pins 
• 
Center power and ground pins for 
reduced noise 
• 
Available in 300-mil 28-pin DIP, 
PLCC, LCC, and SOJ packages 


• 
Proprietary 
0.81J.CMOS technology 
• 
TTL compatible 


MR ---I 
R_E_SET_~ 
I 
LOGIC 


Functional 
Description 


The 
CY7C441 and CY7C443 are high- 
speed, low-power, first-in first-out (FIFO) 
memories with clocked read and write in- 
terfaces. Both FlFOs are 9 bits wide. The 
CY7C441 has a 512 word by 9 bit memory 
array, while the CY7C443 has a 2048 word 
by 9 bit memory array. These devices pro- 
vide solutions for a wide variety of data 
buffering needs, including high-speed data 
acquisition, multiprocessor interfaces, and 
communications 
buffering. 


Both FlFOs have 9-bit input and output 
ports that are controlled by separate clock 
and enable signals. The input port is con- 
trolled by a free-running 
50% duty cycle 
clock (CKW) 
and 
a write 
enable 
pin 
(ENW). 
When ENW is asserted, data is 
written into the FIFO on the rising edge of 
the CKW signal. While ENW is held ac- 
tive, data is continually written into the 
FIFO on each CKW cycle. 
The output 
port is controlled in a similar manner by a 
free-running read clock (CKR) and a read 
enable pin (ENR). 
The read (CKR) and 
write (CKW) clocks may be tied together 
for single-elock operation or the l\m clocks 


may be run independently 
for asynchro- 
nous read/write 
applications. 
Clock fre- 
quencies up to 71.4 MHz are acceptable. 


The CY7C441 and CY7C443 clocked 
FlFOs provide two status flag pins (Fl and 
F2). These flags are decoded to determi ne 
one of four states: Empty, Almost Empty, 
Intermediate, 
and Almost Full (Table 
I). 
The 
flags are synchronous 
i.e., change 


state 
relative 
to either 
the 
read 
clock 
(CKR) or the write clock (CKW). 
The 


Empty and Almost Empty states are up- 
dated exclusively by the CKR while Al- 
most Full is updated exclusively by CK W. 
The synchronous flag architecture guaran- 
tees that the flags maintain their status for 
some minimum time. This time is typically 
equal to approximately one cycle time. 


The CY7C441 and the CY7C443 use cen- 
ter power and ground for reduced noise. 
Both configurations 
are fabricated 
using 


an advanced 0.81J.N-well CMOS technolo- 
gy. Input ESD protection 
is greater than 
200IV, and latch-up is prevented 
by reli- 
able layout techniques. guard rings, and a 
substrate bias generator. 
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CY7C441 
CY7C443 


7C441-14 
7C441-20 
7C441-30 


7C443-14 
7C443-20 
7C443-30 


Maximum Frequency (MHz) 
71.4 
50 
33.3 


Maximum Access Time (ns) 
10 
15 
20 


Minimum Cycle Time (ns) 
14 
20 
30 


Minimum Clock HIGH Time (ns) 
6.5 
9 
12 


Minimum Clock LOW Time (ns) 
6.5 
9 
12 


Minimum Data or Enable Set-Up (ns) 
7 
9 
12 


Minimum Data or Enable Hold (ns) 
0 
0 
0 
Maximum Flag Delay (ns) 
10 
15 
20 
Maximum Standby 
I Commercial 
180 
140 
120 
Current (mA) 
I Military/Industrial 
200 
160 
140 


Maximum 
Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Latch-Up Current. 


Ambient Temperature 
with 
Power Applied 
- 55°C to + 125°C 
Operating 
Range 


Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


Output Current into Outputs (LOW) 
20 mA 
Static Discharge Voltage 
> 2OO1V 
(per MIL-STD-883, Method 3015) 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to +70°C 
5V ± 10% 


Industrial 
- 40°C to +85°C 
5V ± 10% 


MilitaryPJ 
- 55°C to + 125°C 
5V ± 10% 


Signal Name 
I/O 
Description 


DO_8 
I 
Data Inputs: when the FIFO is not full and ENW is active, CKW (rising edge) 
writes data (Do - D8) into the FIFO's memory 


00-8 
0 
Data Outputs: 
when the FIFO is not empty and ENR is active, CKR (rising 


edge) reads data (00 - 08) out of the FIFO's memory 


ENW 
I 
Enable Write: enables the CKW input 


ENR 
I 
Enable Read: 
enables the CKR input 


CKW 
I 
Write Clock: the rising edge clocks data into the FIFO when ENW is LOW and 
updates the Almost Full flag state 


CKR 
I 
Read Clock: the rising edge clocks data out of the FIFO when ENR is LOW 
and updates the Almost Empty and Empty flag states 


Fl 
0 
Flag 1: is used in conjunction with Flag 2 to decode which state the FIFO is 
in (see Table 1) 


F2 
0 
Flag 2: is used in conjunction with Flag 1 to decode which state the FIFO is 
in (see Table 1) 


MR 
I 
Master Reset: 
resets the device to an empty condition 


• 


CY7C441 
CY7C443 


7C441-14 
7C441-20 
7C441-30 
7C443-14 
7C443-20 
7C443-30 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = - 2.0 mA 
2.4 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
0.4 
0.4 
V 


VlH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
2.2 
Vee 
V 


V1L 
Input LOW Voltage 
- 3.0 
0.8 
- 3.0 
0.8 
- 3.0 
0.8 
V 


I", 
Input Leakage 
Vee = Max., 
-10 
+10 
-10 
+10 
- 10 
+10 
jJA 
Current 
GND~ 
VI~ 
Vee 


losl31 
Output Short 
Vee = Max., VOUT= GND 
-90 
-90 
- 90 
mA 
Circuit Current 


leel4] 
Operating Current 
Vee = Max., 
I Com'l 
180 
140 
120 
mA 


lOUT= 0 rnA 
I Mil/lnd 
200 
160 
140 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vee = S.OV 
12 
pF 


Notes: 
2. 
See the last page of this specification 
for Group A subgroup 
testing 
information. 
3. 
'lest no more than one output 
at a time and do not test any output 
for more 
than one second. 


4. 
Input signals switch from OV to 3V with a rise/fall time of less than 
3 ns, clocks switch at maximum frequency 
(fMAX), 
while data and en- 


able inputs switch at fMAX/2. 
5. 
Tested initially and after any design or process changes that may affect 
these parameters. 


R1500il 
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CL 
R2 
333il 
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- 
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3.0V-=:11 
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10~% 


..s.3 ns 
I- 
~ 
..s. 3 ns 


THEVENIN EQUIVALENT 


200il 


7C441-14 
7C441-20 
7C441-30 


7C443-14 
7C443-20 
7C443-30 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


lcKW 
Write 
Clock 
Cycle 
14 
20 
30 
ns 


tCKR 
Read 
Clock 
Cycle 
14 
20 
30 
ns 


lcKH 
Clock 
HIGH 
6.5 
9 
12 
ns 


lcKL 
Clock 
LOW 
6.5 
9 
12 
ns 


tA 
Data 
Access 
Time 
10 
15 
20 
ns 


tOH 
Previous 
Output 
Data 
Hold 
After 
Read 
HIGH 
0 
0 
0 
ns 


tFH 
Previous 
Flag 
Hold 
After 
Read/Write 
HIGH 
0 
0 
0 
ns 


tSD 
Data 
Set-Up 
7 
9 
12 
ns 


tHO 
Data 
Hold 
0 
0 
0 
ns 


tSEN 
Enable 
Set-Up 
7 
9 
12 
ns 


tHEN 
Enable 
Hold 
0 
0 
0 
ns 


tro 
Flag 
Delay 
10 
15 
20 
ns 


tSKEWIl91 
Opposite 
Clock 
After 
Clock 
14 
20 
30 
ns 


tSKEWP 
O 


] 
Opposite 
Clock 
Before 
Clock 
14 
20 
30 
ns 


tPMR 
Master 
Reset 
Pulse 
Width 
(MR 
LOW) 
14 
20 
30 
ns 


tSCMR 
Last 
Valid 
Clock 
LOW 
Set-Up 
to MR 
LOW 
0 
0 
0 
ns 


101lMR 
Data 
Hold 
From 
MR 
LOW 
0 
0 
0 
ns 


tMRR 
Master 
Reset 
Recovery 
(MR 
HIGH 
Set-Up 
to First 
14 
20 
30 
ns 
Enabled 
Write/Read) 


tMRF 
MR 
HIGH 
to Flags 
Valid 
14 
20 
30 
ns 


tAMR 
MR 
HIGH 
to Data 
Outputs 
LOW 
14 
20 
30 
ns 


Notes: 
6. 
CL = 30 pF for all AC parameters. 


7. 
All AC measurements 
are referenced 
to l.SY. 


8. 
Test conditions 
assume signal transition time of 3 os or less, timing ref- 


erence levels of l.Sy, and output loading of the specified 'oLlIoH and 
capacitance 
as in note 7. unless otherwise 
specified. 


9. 
.SKEWl 
is the minimum time an opposite clock can occur after a clock 


and still be guaranteed 
not to be included in the current 
clock cycle 


(for purposes 
of flag update). 
If the opposite 
clock occurs less than 


tSKEW!after the clock, the decision of whether or not to include the 
opposite clock in the current clock cycle is arbitrary. 
Note: The oppo- 


sIte clock is the signal to which a flag is not synchronized; 
i.e., CKW 


is the opposite clock for Empty and Almost Empty flags, CKR is the 
the opposite 
clock for the Almost Full flag. The clock is the signal 


to which a flag is synchronized; 
i.e., CKW is the clock for the Almosl 


Full flag, CKR is the clock for Empty and Almost Empty flags. 


10. 
tSKEW2 
is the minimum 
time an opposite 
clock 
can occur 
before 
a 


clock and still be guaranteed 
to be included in the current 
clock cycle 


(for purposes 
of flag update). 
If the opposite 
clock occurs less than 


tSKEW2before the clock, the decision of whether or not to include the 
opposite clock in the current 
clock cycle is abritrary. 
See Note 9 for 


definition 
of clock and opposite 
clock. 
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Switching Waveforms 
(continued) 


Read to Empty Timing Diagraml".17.181 


,-_/ 


Notes: 
II. 
ENW or CKW must be inactive while MR is LOW 
12. ENR or CKR must be inactive while MR is LOW 
13. All data outputs (00-8) 
go LOW as a result of the rising edge of MR. 
14. In this example, 
00 
_ 8 will remain valid until tOHMRif the first read 
shown did not occur or if the read occurred soon enough such that the 
valid data was caused by it. 


15. "Count" 
is the number of words in the FIFO. 
16. R2 is ignored because the FIFO is empty (count 
= 0). It is important 


to note that R3 is also ignored because W3, the fir.;t enabled write af- 
ter empty, occur.; les., than tSKEW2before R3. Therefore, 
the FIFO 


still appear.; empty when R3 occur.;. Because W3 occur.; greater than 
tSKEW2before R4, R4 includes W3 in flag update. 


17. CKR is clock and CKW is opposite 
clock. 
18. R3 updates the flags to the Empty state by bringing FI LOW Ilecause 


WI occur.; greater 
than tSKEWlafter R3, R3 does not recognize WI 


when updating flag status. But because WI occurs ISKEW2 
before R4, 


R4 includes WI in clock cycle and therefore 
updales Ihe FIFO to the 


Almost Empty state. It is important 
to note that R4 is a lale!!D:ITle; 


i.e., it only updates the flag slalUs, regardless of the Slale of ENR. II 
does not change 
the count or the FIFO's 
data outputs. 


• 


:SwitChing Wavet"orms (continued) 


Read to Almost Empty Timing Diagram with Free-Running 
Clocks[15,17) 


COUNT 
17 
16 
17 


CKR 


ENR 


CW 


ENW 


F1 
HIGH 


F2 


______---1/ 


Notes: 
19, R4 only updates the flag status, It does not affect the count because 


ENR is HIGH, 


20. When making the transition 
from Almost Empty to Intermediate. 
the 


count must increase by two (16 • 18; two enabled 
writes: W2. W3) 


before a read (R4) can update flags to the Less Than Half Full slate. 


CY7C441 
CY7C443 


2031 
[497] 


r -2030 .• 


I 
(4961 
I 
•.......... , 


~D~ 
__ 


NOles: 
21. CKW is clock and CKR is opposite 
clock. 
22. Count = 2032 indicates Almost Full for CY7C443 
and count = 496 
indicates Almost Full for CY7C44 I. Values for the CY7C441 
count 


are shown in parentheses. 
23. The dashed lines show W3 as flag update write rather than an enabled 
write because ENW is deasserted. 
24. W2 updates 
the flags to the Almost Full state by bringing Fl Ww. 


I3ecause R 1 occurs greater than tSKEW!after W2. W2 does not recog- 


nize Rl when updating the flag status. W3 includes R2 in flag update 
because R2 occurs greater than tSKEW2before W3. Note that W3 docs 
not have to be enabled 
to update flags. 


25. When making the transition 
from Almost 
Full to Intermediate, 
the 


count must decrease by lWo(2032. 
2030; two enabled reads: R2. R3) 


before a write (W4) can update flags to Intermediate 
state. 


CY7C441 
CY7C443 


Switching Waveforms 
(continued) 


Write to Almost Full Timing Diagram with Write Flag Update Cycle and Free-Running 
Clockl 
15.21.22.251 


2030 
(no change) 
[4941 


FLAG 
UPDATE 
CYCLE 


Architecture 


The CY7C441/443 consist of an array of 512/2048 words of 9 bits 
each (implemented 
by an array of dual-port RAM cells), a read 


~ter, 
a write pointer, control signals (CKR, CKW, ENR, ENW, 
MR), and flags (F1, F2). 
Resetting the FIFO 


l2£2.n power-up, the FIFO must be reset with a Master Reset 
(MR) cycle. This causes the FIFO to enter the Empty conditIon 
signified by both flags F1 and F2 bei!!&.LOW All data outputs 
(00-8) go LOW at the rising edge of MR. In order for the FIFO 
to read to its default state, a falling ed~ust 
occur on MR and 


the user must not read or write while MR is LOW (unless ENR 
and/or ENW are HIGH). 
Upon completion of the Master Reset 
cycle, all data outputs will go LOW tAMRafter MR is deasserted. 
FI and F2 are guaranteed to be valid tMRFafterMR is taken HIGH. 
FIFO Operation 


When the ENW signal is active (LOW), data on the Do __ pins is 
written into the FIFO on each rising edge of the CKW signal. Sim- 
ilarly, when the ENR signal is active, data in the FIFO memory 
will be presented on the 00-8 outputs. New data wi~resented 
on each rising edge of CKR while ENR is active. ENR must set 
up tSENbefore CKR for it to be a valid read duration. ENW must 
occur tSENbefore CKW for it to be a valid write function. 


The FIFO contains overflow circuitry to disallow additional writes 
when 
the 
FIFO 
is full, and 
underflow 
circuitry 
to disallow 
additional reads when the FIFO is empty. An empty FIFO main- 
tains the data of the last valid read on its 00-8 outputs even after 
additional reads occur. 
Flag Operation 


The CY7C441/3 provide two flags, F1 and F2, which are used to 
decode four FIFO states (see Table 1). All flags are synChronous, 


meaning that the change of states is relative to one of the clocks 
(CKR or CKW, as appropriate). 
The synchronous 
architecture 
guarantees some minimum valid time for the flags. ThIS tITTleIS 
typically equal to approximately one cycle time. The Emptyand 
Almost Empty flag states are exclusively updated by each T1SlDg 
edge of the read clock (CKR). For example, when the FIFO con- 
tains 
1 word, 
the 
next 
read 
(rising 
edge 
of 
CKR 
whIle 
ENR = LOW) causes the F1 and F2 pins to output a state signify- 
ing the Empty condition. 
The Almost Full flag is updated exclu- 


sively by the write clock (CKW). 
For example, if the CY7C443 
FIFO contains 2031 words (2032 words or greater IDdlcatesAlmost 
Full in the CY7C443), the next write (rising edge of CKW while 
ENW =LOW) causes theF1andF2 
pins to output the Almost Full 
state. 


CY7C441 
CY7C443 
Fl 
F2 
State 
Number of 
Number of 


Words in FIFO 
Words in FIFO 


0 
0 
Empty 
0 
0 


1 
0 
Almost 
1 - 16 
1 - 16 
Empty 


1 
1 
Intermediate 
17 - 495 
17 - 2031 
Range 


0 
1 
Almost Full 
496 - 512 
2032 - 2048 
or Full 


Since the flags denoting emptiness (Empty, Almost Empty) are 
only updated by CKR and the Almost Full flag is only updated by 
the CKW, careful attention 
must be given to the flag operatIOn. 
The user must be aware that if a flag boundary (Empty, Almost 
Empty, and Almost Full) is crossed due to an operation 
from a 


clock that the flag is not synchronized to (i.e.,CKR does not effect 
Almost Full), a flag update 
is necessary to represent the FIFO's 


new state. This signal to which a flag is not synchronized will be 
referred to as the opposite clock (CKW is opposite clock for Empty 
and Almost Empty flags; CKR is the opposite clock for the Almost 
Full flag). Until the flag update cycle is executed, the synchronous 
flags do not show the true state of the FIFO. For exam~le, if2,04O 
writes are performed to an empty CY7C443 WIthout a s10gleread, 
Fl and n will still exhibit an Empty flag. This is because n is ex- 
clusively updated by the CKR, therefore, a single read (flag update 
cycle) is necessary to update flags to Almost Full state. It should 
be noted that this flag update read does not require ENR = Ww, 
so a free-running 
read clock will initiate the flag update cycle. 


When updating the flags, the CY7C4411443 decide whether or not 
the opposite clock was recognized when a clock updates the flag. 
For example, if a write occurs at least tSKEWIafter a read when up- 
dating the Empty flag, the write is guaranteed not to be included 
when CKR updates the flag. If a write occurs at least tSKEW2before 
a read, the write is guaranteed 
to be included when CKR updates 
the flag. If a write occurs within tSKEWdtSKEW2 
after or before CKR, 
then the decision of whether or not to include the write when the 
flag is updated by CKR is arbitrary. 


The update cycle for non-boundary 
flags (Almost Empty, Almost 


Full) is different 
from that used to update 
the boundary 
flag 


(Empty). 
Both operations 
are described below. 


Boundary Flag (Empty) 


The Empty flag is synchronized 
to the CKR signal. The Empty 


flag can only be updated by a clock pulse on the CKR pin. 
An 


empty FIFO that is written to will be described with an Empty flag 
state until a clock pulse is presented on the CKR pin. When mak- 
ing the transition from Empty to Almost Empty (or Empty to In- 
termediate 
or Empty to Almost Full), a clock cycle on the CKR 


is necessary to update the flags to the current state. 
Such a state 


(flags displaying empty even though data has been written to the 
FIFO) would require two read cycles to read data out of FIFO. 
The first read serves only to update the flags to the Almost Empty, 
Intermediate, 
or Almost Full state, and the second read outputs 
the data. This first read cycle is known as the latent or flag update 
cycle because it does not affect the data in the FIFO or the count 
(number of words in FIFO). 
It simply deasserts the Empty flag. 
The flags are updated regardless of the ENR state. Therefore the 
update occurs even when ENR is deasserted (HIGH) so that a val- 
id read is not necessary to update the flags to correctly describe the 
FIFO. 
With a free-running clock connected to CKR, the flag up- 


dates with each cycle. 
Table 2 shows sample operations that up- 


date the Empty flag. 
Although 
a 
Full 
flag 
is 
not 
supplied 
externally 
on 
the 
CY7C44l1CY7C443, a Full flag exists internally. The operation of 
the FIFO at the Full boundary is similar to its operation 
at the 
Empty boundary. 


Non-Boundary 
Flags (Almost Empty, Almost Full) 


The flag status pins, FI and F2, exhibit the Almost Empty status 
when both the CY7C441 and the CY7C443 contain 16 words or 
less. The Almost Full Flag becomes active when the FIFO con- 
tains 16 or less empty locations. 
The CY7C441 becomes Almost 


Full when it contains 496 words. The CY7C443 becomes Almost 
Full when it contains 2032 words. The Almost Empty flag (like the 
Empty flag) is synchronous to the CKR signal, whereas the Almost 
Full flag is synchronous to the CKW signal. Non-boundary 
flags 
employ flag update cycles similar to the boundary flag latent cycles 
in order to update the FIFO state. For example, If the FIFO Just 
reaches the Almost Empty state (16 words) and then two words are 
written, a read clock (CKR) will be required to update the flags to 
the Intermediate 
state. 
However, unlike the boundary (Empty) 
flag's update cycle, the state of the enable pin (ENR in this case) 
affects the operation. 
Therefore, 
ENR set-U~EN) 
and hold 


(tHEN)times must be met. If ENR is asserted (ENR = LOW) dur- 
ing the latent cycle, the count and data update 10 addItIon to Fl 
and n. If ENR is not active (ENR = 1) during the flag update 
cycle, only the flag is updated. 


The same principles apply for updating the flags when a transition 
from the Almost Full to the Intermediate 
state occurs. 
If the 
CY7C443 just reaches the Almost Full state (2032 words) and then 
two words are read, a write clock (CK~II 
be required to update 


the flag to the Intermediate 
state. If ENW is WW 
during the flag 


ui><latecycle, the count and data update in addition to the flags. 
IfENW is HIGH, only the flag is updated. Therefore, ENW set-up 
(tSEN)and hold (tHEN)times must be met. Tables 3 and 4 show ex- 
amples for a sequence of operations that affect the Almost Empty 
and Almost Full flags, respectively. 
Width Expansion 


The CY7C44113 can be expanded in width to provide word width 
greater than 9 in increments of 9. During width expansion mode, 
all control inputs are common. When the FIFO ISbe10g read near 
the Empty boundary, it is important to note that both sets of flags 
should be checked to see if they have been updated 
to the Not 


Empty condition on all devices. 
Checking all sets of flags is critical so that data is not read from the 
FIFOs "staggered" by one clock cycle. This situation could occur 
when the first write to an empty FIFO and a read are very close 
together. If the read occurs less than tSKEW2after the first write to 
two width expanded devices (A and B), device A may go Almost 
Empty (read recognized as flag update)while 
device B star 
Empty 


(read ignored).The 
first write occurs because a read Wlthm tSKEW2 
of the first write is only guaranteed 
to be either recogDlzed or Ig- 


nored, but which of the two is not guaranteed. 
The next read cycle 


outputs the first half of the first word on device A while device B 
updates its flags to Almost Empty. Subsequent reads will continue 
to outpout "staggered" data assuming more data has been written 
to the FIFOs. 


In the width expansion configuration, any of the devices' flags may 
be monitored for the composite Almost Full status. 


Status Before Operation 
Status After Operation 


Number of 
Number of 


Current 
State 
Words 
Next State 
Words in 


of FIFO 
FI 
F2 
in FIFO 
Operation 
of FIFO 
FI 
F2 
FIFO 
Comments 
Empty 
0 
0 
0 
Write 
Empty 
0 
0 
1 
Write 


(ENW = LOW) 


Empty 
0 
0 
1 
Write 
Empty 
0 
0 
2 
Write 


(ENW = LOW) 


Empty 
0 
0 
2 
Read 
AE 
1 
0 
2 
Flag Update 


(ENR = HIGH) 


AE 
1 
0 
2 
Read 
AE 
1 
0 
1 
Read 


(ENR = LOW) 


AE 
1 
0 
1 
Read 
Empty 
0 
0 
0 
Read (fransition 
for 


(ENR = LOW) 
Almost Empty to Empty) 
Empty 
0 
0 
0 
Write 
Empty 
0 
0 
1 
Write 


(ENW = LOW) 


Empty 
0 
0 
1 
Read 
AE 
1 
0 
1 
Flag Update 


(ENR = X) 


AE 
1 
0 
1 
Read 
Empty 
0 
0 
0 
Read 
(fransition 
from 


(ENR = LOW) 
Almost Empty to Empty) 


Status Before Operation 
Status After Operation 


Number of 
Number of 


Current 
State 
Words 
Next State 
Words in 


of FIFO 
FI 
F2 
in FIFO 
Operation 
of FIFO 
FI 
F2 
FIFO 
Comments 
AE 
1 
0 
16 
Write 
AE 
1 
0 
17 
Write 


(ENW = LOW) 


AE 
1 
0 
17 
Write 
AE 
1 
0 
18 
Write 


(ENW = LOW) 


AE 
1 
0 
18 
Read 
Intermediate 
1 
1 
17 
Flag Update 


(ENR = LOW) 
and Read 
Intermediate 
1 
1 
17 
Read 
AE 
1 
0 
16 
Read (fransition 


(ENR = LOW) 
from Intermediate 
to Almost Empty) 
AE 
1 
0 
16 
Read 
AE 
1 
0 
16 
Ignored Read 


(ENR = HIGH) 


Status Before Operation 
Status After Operation 
Number of 
Number of 
Number of 
Number of 
Current 
Words in 
Words in 
Words in 
Words in 


State of 
FIFO 
FIFO 
Next State 
FIFO 
FIFO 
FIFO 
FI 
F2 
CY7C441 
CY7C443 
Operation 
of FIFO 
Fl 
F2 
CY7C441 
CY7C443 
Commlmts 
AF 
0 
1 
496 
2032 
Read 
AF 
0 
1 
495 
2031 
Read 


(ENR=LOW) 


AF 
0 
1 
495 
2031 
Read 
AF 
0 
1 
494 
2030 
Read 


(ENR = LOW) 


AF 
0 
1 
494 
2030 
Write 
Intermediate 
1 
1 
494 
2030 
Flag 


(ENW = HIGH) 
Update 
Intermediate 
1 
1 
494 
2030 
Write 
Intermediate 
1 
1 
495 
2031 
Write 


(ENW=LOW) 


Intermediate 
1 
1 
495 
2031 
Write 
AF 
0 
1 
496 
2032 
Write 


(ENW = LOW) 
(Transition 
from Inter- 
mediate 
to Almost 
Full) 


Note: 
26. Applies to both the CY7C441 
and CY7C443 
operations. 
28. The CY7C443 
Almost 
Full state 
is represented 
by 2032 or more 
27. The CY7C441 Almost Full state is represented 
by 496 or more words. 
words. 


CY7C441 
CY7C443 


Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
1)'pe 
Range 


14 
CY7C441-14PC 
P21 
Commercial 


CY7C441-14JC 
J65 


CY7C441-14VC 
V21 


CY7C441-140C 
022 


CY7C441-14LC 
LS5 


CY7C441-14PI 
P21 
Industrial 


CY7C441-14JI 
J65 


CY7C441-14DI 
022 


CY7C441-140MB 
022 
Military 


CY7C441-14LMB 
LS5 


CY7C441-14KMB 
K74 


20 
CY7C441-20PC 
P21 
Commercial 


CY7C441-20JC 
J65 


CY7C441-20VC 
V21 


CY7C441-200C 
022 


CY7C441-20LC 
LS5 


CY7C441-20PI 
P21 
Industrial 


CY7C441-20JI 
J65 


CY7C441-20DI 
022 


CY7C441-200MB 
022 
Military 


CY7C441-20LMB 
LS5 


CY7C441-20KMB 
K74 


30 
CY7C441-30PC 
P21 
Commercial 


CY7C441-30JC 
J65 


CY7C441-30VC 
V21 


CY7C441-300C 
022 


CY7C441-30LC 
LS5 


CY7C441-30PI 
P21 
Industrial 


CY7C441-30JI 
J65 


CY7C441-30DI 
022 


CY7C441-300MB 
022 
Military 


CY7C441-30LMB 
LS5 


CY7C441-30KMB 
K74 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


14 
CY7C443-14PC 
P21 
Commercial 


CY7C443-14JC 
J65 


CY7C443-14VC 
V21 


CY7C443-140C 
022 


CY7C443-14LC 
LS5 


CY7C443-14PI 
P21 
Industrial 


CY7C443-14JI 
J65 


CY7C443-14DI 
022 


CY7C443-140MB 
022 
Military 


CY7C443-14LMB 
LS5 


CY7C443-14KMB 
K74 


20 
CY7C443-20PC 
P21 
Commercial 


CY7C443-20JC 
J65 


CY7C443-20VC 
V21 


CY7C443-200C 
022 


CY7C443-20LC 
LS5 


CY7C443-20PI 
P21 
Industrial 


CY7C443-20JI 
J65 


CY7C443-20DI 
022 


CY7C443-200MB 
022 
Military 


CY7C443-20LMB 
LS5 


CY7C443-20KMB 
K74 


30 
CY7C443-30PC 
P21 
Commercial 


CY7C443-30JC 
J65 


CY7C443-30VC 
V21 


CY7C443-300C 
022 


CY7C443-30LC 
LS5 


CY7C443-30PI 
P21 
Industrial 


CY7C443-30JI 
J65 


CY7C443-30DI 
022 


CY7C443-300MB 
022 
Military 


CY7C443-30LMB 
LS5 


CY7C443-30KMB 
K74 


• 


CY7C441 
CY7C443 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V'LMax. 
1,2,3 


llX 
1,2,3 


lee 
1,2,3 


los 
1,2,3 


Parameters 
Subgroups 


teKR 
9,10, 11 


teKw 
9,10, 11 


teKH 
9, 10, 11 


teKL 
9, 10, 11 


tA 
9, 10, 11 


toH 
9, 10, 11 


tFH 
9, 10, 11 


tso 
9,10, 11 


tHO 
9,10, 11 


tSEN 
9,10, 11 


tHEN 
9, 10, 11 


tHENR 
9, 10, 11 


tFD 
9, 10, 11 


tSKEW! 
9,10,11 


tSKEW2 
9,10, 11 


tPMR 
9,10, 11 


tSCMR 
9,10, 11 


toHMR 
9, 10, 11 


tMRR 
9, 10, 11 


tMRF 
9, 10, 11 


tAMR 
9, 10, 11 


-~.~ 
':iE CYPRESS 
- 
F 
SEMICONDUcrOR 
Cascadeable 
Clocked 512 x 9 


and Cascadeable 
Clocked 2K x 9 


FIFOs with Programmable 
Flags 


Functional 
Description 
port is controlled in a similar manner by a 
. 
free-running read clock (CKR) and a read 


The 
CY7C451 and CY7C453 are hlgh- 
enable pin (ENR). 
The read (CKR) and 


speed, low-power, first-1Ofirst-out ~FO) 
write (CKW) clocks may be tied together 


memones WIth clocked read and wnte 10- 
for single<lock operation or the two clocks 


terfaces. Both FIFOs are 9 bits .Wlde.The 
may be run independently 
for asynchro- 


CY7C451 has a 512 word by 9 bit memory 
nous read/write 
applications. 
Clock fre- 


array, while the CY7C453 has a 2048 word 
quencies up to 71.4 MHz are acceptable in 


by 9 bIt memory array. DeVIcescan be cas- 
the standalone configuration, and up to 50 


caded to Increase FIFO depth. Program- 
MHz is acceptable when FIFOs are cas- 


mabIe features Include Almost FulVEmpty 
caded for depth expansion. 


flags and 
generation/checking 
of panty. 
.... 


These FlFOs provide solutions for a wide 
Depth expansion ISpossible USIngthe cas- 


variety of data buffering needs, including 
cade .!!}Qut(XI) and cascade output ~O). 


high-speed data acquisition, multiproces- 
The XO signal ISconnected 
to the XI of 


sor interfaces, and communications 
buff- 
the next deVIce, and the XO of th~ast 
de- 


ering. 
vice should be connected to the Xl of the 


. . 
first device. In standalone mode, the input 


Both FIFOs have 9-bIt Input and output 
(XI) pin is simply tied to Vss. 


ports that are controlled by separate clock 
. 


and enable signals. The input port is con- 
The CY7C451 and CY7C453 proVIdethree 


trolled by a free-running 
50% duty cycle 
status pInS to the user. These pms are de- 
clock (CKW) 
and 
a write 
enable 
pin 
coded to detennme one of SIXstates: Empty, 


(ENW). 
When ENW is asserted, data is 
Almost Empty, Less than Half Full, Greater 


written into the FIFO on the rising edge of 
than Half Full, Almost Full, and Full (see 


the CKW signal. While ENW is held ac- 
Table 
1). T~Alm~t 
Empty/Full 
flag 


tive, data is continually written into the 
(pAFE) and XO functions share the same 


FIFO on each CKW cycle. The output 
pin. The Almost Empty/Full flag is 


• 
SI2 x 9 (CY7C4SI) and 2,048 x 9 
(CY7C4S3) FIFO buffer memory 


• 
Expandable 
in width and depth 
• 
High-speed 70-MHz standalone; 
SO-MHz cascaded 
• 
Supports 
free-running 
SOO/.duty cycle 


clock inputs 
• 
Empty, Almost Empty, Half Full, 
Almost Full, and Full status flags 
• 
Programmable 
Almost FulVEmpty 


flags 


• 
Parity generation/checking 
• 
Fully asynchronous 
and simultaneous 


read and write operation 
• 
Output Enable (OE) 
• 
Independent 
read and write enable 
pins 


• 
Center power and ground pins for re- 
duced noise 
• 
Available in 3OQ-mil32-pin DIP, 
PLeC, 
and LeC packages 


• 
Proprietary 
0.8ll CMOS technology 
• 
TTL compatible 


CY7C451 
CY7C453 


Pin Configurations 


PLCC/LCC 
Top 
View 


Do 01 Dl 
~D4 
Os 0& 


Xi 
4 3 2 t ~ 32 31 30 
D, 
5 
29 
ENW 6 
2~ ~ 0. 


CI'm 
ENW 
CI'm 
7 
~c 
1'[ 


Vr;c 
8 
Wi 


Vss 
9 
7C451 
25 ( 
Vss 


iff' 
7C453 
24 
CKA 
10 
<if' 
11 
23 
ENA 


PJiff!Xo 
12 
22 
DE 


00 
13 
21 
O,IPGIPE 


14151617181920 


iff' 
01 Ol!~O. OsOe0, 
C451-Z 
ElF 
DIP 
RAM 
PAFE/XO 
Top View 
ARRAY 
0. 
512x9 
D. 


2048 x 9 
D, 
D, 
• 
D, 
0. 
• 
Do 
D, 


~~ 
RESET 
Xi 
0. 


LOGIC 
ENW 
1'[ 
FL 
Wi 
CI'm 


Xi-1 


Vr;c 
v'" 


EXPANSION 
V'" 
CKA 


LOGIC 
iff' 
ENR 
ElF 
DE 


PAFE/XO 
O,IPG/PE 


0, 
0, 


O•. ,.O,IPGIPE 
CKA 
ENR 
0, 
a, 


0, 
0, 


C451-1 
0, 
O. 
C451-3 


5-83 


• 


Functional 
Description 
(continued) 


valid in the standalone 
and width expansion configurations. 
In 


the depth expansion, this pin provides the expansion out (XO) in- 
formation that is used to signal the next FIFO when it will be acti- 
vated. 


The flags are synchronous i.e., they change state relative to either 
the read clock (CKR) or the write clock (CKW). When entering 
or exiting the Empty and Almost Empty states, the flags are up- 
dated exclusively by the CKR. The flags denoting Half Full, Al- 
most Full, and Full states are updated exclusively by CKW. The 


Selection 
Guide 


synchronous flag architecture 
guarantees 
that the flags maintain 


their status for some minimum time. This time is typically equal 
to approximately one cycle time. 


The CY7C451 and the CY7C453 use center power and ground for 
reduced noise. Both configurations 
are fabricated 
using an ad- 


vanced 0.8~ N-well CMOS technology. 
Input ESD protection is 


greater than 2001Y,and latch-up is prevented by the use ofreliable 
layout techniques, guard rings, and a substrate bias generator. 


7C451-14 
7C451-20 
7C451-30 


7C453-14 
7C453-20 
7C453-30 


Maximum Frequency (MHz) 
71.4[1) 
50 
33.3 


Maximum Cascade able Frequency 
N/Alll 
50 
33.3 
Maximum Access Time (ns) 
10 
15 
20 
Minimum Cycle Time (ns) 
14 
20 
30 
Minimum Clock HIGH Time (ns) 
6.5 
9 
12 
Minimum Clock LOW Time (ns) 
6.5 
9 
12 
Minimum Data or Enable Set-Up (ns) 
7 
9 
12 
Minimum Data or Enable Hold (ns) 
0 
0 
0 
Maximum Flag Delay (ns) 
10 
15 
20 


Maximum Current (mA) 
I Commercial 
180 
140 
120 


I Military/Industria) 
200 
160 
140 


Notes: 
1. 
71.4-MHz operation is available only in the standalone configuration. 
3. 
TA is the "instant on" case temperature. 
2. 
The -14 device cannot be cascaded. 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Latch-Up Current 
> 200 mA 
Ambient Temperature 
with 


Power Applied 
- 55°C to + 125°C 
Operating 
Range 


Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. 
. . . . . . . . . . . . . . . . . . . . . . . .. - 0.5V to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


Output Current into Outputs (LOW) 
20 mA 
Static Discharge Voltage 
> 2001V 


(per MII.,.STD-883, Method 3015) 


Ambient 
Range 
Temperature 
Vcc 
Commercial 
O°C to + 70°C 
5V ± 10% 


Industrial 
- 40°C to + 85°C 
5V ± 10% 


MiJitaryP) 
- 55°C to + 125°C 
5V ± 10% 


CY7C451 
CY7C453 


Signal Name 
I/O 
Description 


Do_s 
I 
Data Inputs: 
When the FIFO is not full and ENW is active, CKW (rising edge) writes data (Do-s) into the 


FIFO's memory. IfMR is asserted at the rising edge ofCKW then data is written into the FIFO's programming 
register. Ds is ignored if the device is configured for parity generation. 


00-7 
0 
Data Outputs: 
When the FIFO is not empty and ENR is active, CKR (rising edge) reads data (00-7) out of 
the FIFO's memory. IfMR is active at the rising edge ofCKR then data is read from the programming register. 


Os/PG/PE 
0 
Function varies according to mode: 
Parity disabled - same function as 00-7 
Parity enabled, generation - parity generation bit (pG) 
Parity enabled, check - Parity Error Flag (PE) 


ENW 
I 
Enable Write: enables the CKW input (for both non-program 
and program modes) 


ENR 
I 
Enable Read: 
enables the CKR input (for both non-program 
and program modes) 


CKW 
I 
Write Clock: the rising ed~ocks 
data into the FIFO when ENW is LOW; updates Half Full, Almost Full, 


and Full flag states. When MR is asserted, CKW writes data into the program register. 


CKR 
I 
Read Clock: the rising ed~ocks 
data out of the FIFO when ENR is LOW; updates the Empty and Almost 


Empty flag states. 
When MR is asserted, CKR reads data out of the program register. 


HF 
0 
Half Full Flag - synchronized to CKW. 


ElF 
0 
Empty or Full Flag - E is synchronized to CKR; F is synchronized to CKW 


PAFE/XO 
0 
Dual-Mode Pin: 
Not Cascaded - Programmable Almost Full is synchronized to CKW; Programmable Almost Empty issynchro- 
nized to CKR 
Cascaded - Expansion Out signal, connected to XI of next device 


XI 
I 
Not Cascaded - XI is tied to Vss 
Cascaded - Expansion Input, connected to XO of previous device 


FL 
I 
First Load Pin: 
Cascaded - the first device in the daisy chain will have FL tied to Vss; all other devices will have FL tied to 
Vcc (Figurel) 
Not Cascaded - tied to Vcc 


MR 
I 
Master Reset: 
resets device to empty condition. 
__ 
Non-Programming 
Mode: program register is reset to default condition of no parity and PAFE active at 16 
or less locations from FulVEmpty. 
Programming 
Mode: 
Data present on DO-8 is written into the programmable 
register on the rising edge of 


CKW. Program register contents appear on 00-8 after the rising edge of CKR. 


OE 
I 
Output Enable for 00-7 and Os/PG/PE pins 


7C451-14 
7C45 1-20 
7C451-30 
7C453-14 
7C453-20 
7C453-30 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VO" 
Output HIGH Voltage 
Vcc = Min.,Io" 
= - 2.0 mA 
2.4 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min.,IoL 
= 8.0 mA 
0.4 
0.4 
0.4 
V 
VIH[sJ 
Input HIGH Voltage 
2.2 
Vcc 
2.2 
Vcc 
2.2 
Vcc 
V 
VILIS! 
Input LOW Voltage 
- 3.0 
0.8 
- 3.0 
0.8 
- 3.0 
0.8 
V 


IIX 
Input Leakage 
Vcc = Max. 
- 10 
+10 
-10 
+10 
-10 
+10 
j.lA 
Current 


Iosl6J 
Output Short 
Vcc = Max., VOUT= GND 
-90 
-90 
- 90 
rnA 
Circuit Current 


IoZL 
Output 
OFF, High Z 
OE2. 
VIH,Vss < Vo < Vcc 
- 10 
+10 
- 10 
+ 10 
-10 
+10 
~A 
IoZH 
Current 


Iec(7J 
Operating Current 
Vcc = Max., 
ICorn'l 
180 
140 
120 
rnA 


lOUT= 0 rnA 
I MiVInd 
200 
160 
140 
rnA 


CY7C451 
CY7C453 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
10 
pF 


COUT 
Output Capacitance 
Vcc = 5.0V 
12 
pF 


Notes: 
4. 
See the last page of this specification 
for Group A subgroup 
testing 


information. 


5. 
The YiH and V1L specifications 
apply for all inputs exc~XI 
and FL 


The Xl pin is not a 1TL input. It is connected 
to either XO of the pre- 


vious device or Vss. FL must be connected 
to either Vss or Vcc. 


6. 
Test no more than one output at a time for not more than one second. 


AC Test Loads and Waveforms!9,IO,1I,12,l3l 


7. 
Input signals switch from OV to 3V with a rise/fall time of less than 
3 ns, clocks switch at maximum frequency 
(fMAX), 
while data snd en- 
able inputs switch at fMAX/2. 
8. 
Tested initially and after any design or process changes that may affect 
these parameters. 


R150011 
5v=n 


OUTPUT 


CL 
R2 
33311 
INCLUDINGI _ 
JIG AND 
- 
- 
SCOPE 


THEvENlN 
EQUIVALENT 


20011 


7C451-14 
7C451-20 
7C451-30 


7C453-14 
7C453-20 
7C453-30 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


teKw 
Write Clock Cycle 
14 
20 
30 
ns 


teKR 
Read Clock Cycle 
14 
20 
30 
ns 


tCKH 
Clock HIGH 
6.5 
9 
12 
ns 


tCKL 
Clock LOW 
6.5 
9 
12 
ns 


tA 
Data Access Time 
10 
15 
20 
ns 


toH 
Previous Output Data Hold After Read HIGH 
0 
0 
0 
ns 


tF\{ 
Previous Flag Hold After Read/Write HIGH 
0 
0 
0 
ns 


tSD 
Data Set-Up 
7 
9 
12 
ns 


tHD 
Data Hold 
0 
0 
0 
ns 


tSEN 
Enable Set-Up 
7 
9 
12 
ns 


tHEN 
Enable Hold 
0 
0 
0 
ns 


tOE 
OE LOW to Output Data Valid 
10 
15 
20 
ns 


toLZ 
OE LOW to Output Data in Low Z 
0 
0 
0 
ns 


toHZ 
OE HIGH to Output Data in High Z 
10 
15 
20 
ns 


tro 
Read HIGH to Parity Generation 
10 
15 
20 
ns 


tpE 
Read HIGH to Parity Error Flag 
10 
15 
20 
ns 
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7C451-14 
7C451-20 
7C451-30 
7C453-14 
7C453-20 
7C453-30 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tFD 
Flag 
Delay 
10 
15 
20 
ns 


tSKEW,!'5) 
Opposite 
Clock 
After 
Clock 
, 
14 
20 
30 
ns 


tSKEWZ"6) 
Opposite 
Clock 
Before 
Clock 
14 
20 
30 
ns 


tpMR 
Master 
Reset 
Pulse 
Width 
(MR 
LOW) 
14 
20 
30 
ns 


tSCMR 
Last 
Valid Clock 
LOW 
Set-Up 
to MR 
LOW 
0 
0 
0 
ns 


toHMR 
Data 
Hold 
From 
MR 
LOW 
0 
0 
0 
ns 


tMRR 
Master 
Reset 
Recovery 
(MR 
HIGH 
Set-Up 
14 
20 
30 
ns 
to First 
Enabled 
Write/Read) 


tMRF 
MR 
HIGH 
to Flags 
Valid 
14 
20 
30 
ns 


tAMR 
MR 
HIGH 
to Data 
Outputs 
LOW 
14 
20 
30 
ns 


tSMRP 
Program 
Mode-MR 
LOW 
Set-Up 
10 
15 
25 
ns 


tHMRP 
Program 
Mode-MR 
LOW 
Hold 
10 
15 
25 
ns 


tfTP 
Program 
Mode- 
Write 
HIGH 
to Read 
HIGH 
14 
20 
30 
ns 


tAP 
Program 
Mode-Data 
Access 
Time 
14 
20 
30 
ns 


toHP 
Program 
Mode-Data 
Hold 
Time 
from 
MR 
HIGH 
0 
0 
0 
ns 


Notes: 
9. 
CL = 30 pF for all AC parameters 
except for tOHZ. 


10. CL = 5 pF for tOHZ. 
11. All AC measurements 
are referenced 
to 1.5V except tOE, tOLZ, and 
tOHZ· 


12. tOE and tOLZ are measured 
at ± 100 mV from the steady state. 


13. tOHZ is measured 
at +500 
mV from VOLand - 500 mV from VOH' 
14. Test conditions 
assume signal transition 
time of 3 os or less, timing ref- 


erence levels of 1.5Y, and output loading of the specified JOLlIoH and 
capacitance 
as in notes 6 and 10, unless otherwise specified. 
15. 
lSKEWl 
is the minimum 
time an opJXlsite clock can occur after a clock 


and still be guaranteed 
not to be included in the current 
clock cycle 


(for purposes 
of flag update). 
If the opposite 
clock occurs less than 
tSKEWlafter the clock, the decision of whether or not to include the 


opposite clock in the current clock cycle is arbitral)'. 
Note: The oppo- 


site clock is the signal to which a flag is not synchronized; 
i.e., CKW 


is the opposite clock for Empty and Almost Empty flags, CKR is the 
the opposite clock for the A)most Full, Half Full, and Full flags. The 
clock is the signal to which a flag issynchronized; 
i.e., CKW is the clock 


for the Almost Full flags, CKR is the clock for Empty and Almost 
Empty flags. 


16. 
lSKEW2 
is the minimum 
time 
an opposite 
clock 
can occur before 
a 


clock and still be guaranteed 
to be included in the current 
clock cycle 


(for purposes 
of flag update). 
If the opposite 
clock occurs less than 


tSKEWZbefore the clock, the decision of whether or not to include the 
opposite clock in the current 
clock cycle is abritral)'. 
See Note 15 for 


definition 
of clock and opposite 
clock. 
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Master Reset (Default with Free-Running Clocks) Timing Diagramll1, 
•• ,l9,20) 


lpMR 
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Switching Waveforms 
(continued) 


Master Reset (Programming Mode) Timing Diagramll9,201 


ltiMRP 


MR 


Ct<W 


ENW 


DO-8 


CKR 


ENR 


00-8 


Notes: 
17. To only perform 
reset (no programming), 
the fonowing criteria must 


be met: ENW or CKW must be inactive while MR is LOW 
18. Th only ~rm 
reset (no programming), 
the fonowing criteria must 


be met: ENR or CKR must be inactive while MR is LOW 


19. An data outputs (00-8) 
go LOW as a result of the rising edge ofMR 


after lAMR. 


20. In this example, 00 _8win remain valid until tOHMRif either the first 


read shown did not occur or if the read occurred 
soon enough 
such 


that the valid data was caused by it. 


• 
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Switching 
Waveforms 
(continued) 


Read 
to Empty 
Timing 
Diagram!21.2 •.25] 


Notes: 
21. "Count" 
is the number 
of words in the FIFO. 


22. The FIFO is assumed to be programmed 
with P >0 (i.e., PAFE does 


not transition 
at Empty or Full). 


23. R2 is ignored because the FIFO is empty (count = 0). It is important 
to note that R3 is also ignored because W3, the first enabled write af- 
ter empty, occurs less than tSKEW2before 
R3. Therefore, 
the FIFO 


still appears empty when R3 occurs. Because W3 occurs greater than 
tSKEW2before R4, R4 includes W3 in the flag update. 


24. CKR is clock; CKW is opposite 
clock. 


25. R3 updates the flag to the Empty state by asserting "EiF. Because WI 


occurs greater than tSKEW!after R3, R3 does not recognize WI when 
updating 
flag status. But because 
WI occurs tSKEW' before 
R4, R4 


includes WI in clock cycle and, therefore, 
updates 
FIFO to Almost 
Empty state. It is important to note that R4 is a latent g'cle; i.e., it 
only updates the flag status regardless of the state of ENR. It does not 
change the count or the FIFO's 
data outputs. 


~ 
CY7C451 
==-- 
~ 
PRELIMINARY 
CY7C453 
=S' 
,~ 


-=:o::r' 
SE:MIC'aIDOC'J' 


Switching Waveforms (continued) 


Read to Almost Empty Timing Diagram with Free-Running 
Clocks[21,241 


COUNT 
17 
16 
17 
18 
17 
16 
15 


CKR 


ENR 


CIWi 


ENW 


HF 
HIGH 


ElF 
HIGH 
• 
~D1 
~D1 ~D1 
PAFE 


C451-14 


Notes: 
26. The FIFO in this example is assumed to be programmed 
to its default 


flag values. Almost Empty is 16 words from Empty; Almost Full is 16 
locations from Full. 


27. R4 only updates the flag status. 11does not affect the count because 
ENR is HIGH. 


28. When making the transition from Almost Empty to Intermediate, 
the 


count must increase by two (16 • 18; two enabled 
writes: W2, W3) 


before a read (R4) can update flags to the Less Than Half Full state. 
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Switching 
Waveforms 
(continued) 


Write to Half Full Timing Diagram with Free-Running 
ClocksI2•.29.3•.3IJ 


COUNT 
1024 
1025 
1024 
[256J 
[257) 
[256) 


CtwV 


ENW 


CKR 


ENR 


HF 


EiF 
HIGH 


PAFE 
HIGH 


--_/ 


Write to Half Full Timing Diagram with Write Flag Update Cycle with Free-Running 
C1ocksI21.29.32.33j 


1023 (no change) 
[255) 


FLAG UPDATE 
CYCLE 


CtwV 


ENW 


CKR 


ENR 


HF 


ElF 
HIGH 


PAFE 
HIGH 


Notes: 
29. CKW is clock and CKR is opposite 
clock. 
30. Count = 1,025 indicates Half Full for theCY7C453 
and count = 257 


indicates Half Full for the CY7C451. 
Values for CY7C451 count are 
shown in parentheses. 
31. When the FIFO contains ~4 
[256]words, 
the rising edge of the next 


enabled write causes the HF to be true (LOW). 


32. The HF write flag update 
cycle~oes 
not affect 
the count because 


ENW is HIGH. 
It only updates HF to HIGH. 


33. When making the transition 
form Half Full to Less Than Iialf Full, 


the count must decrease 
by two (1,025. 
1023; two enabled 
reads: 


R2 and R3) before a write (W4) can update flags to less than Half Full. 
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2033 
[497J 
,...........• 


I 
~~ 
I 
~..........• 


2031 
[495J 
,...........• 
2030 
~ 14~L~ 


CKR 


ENR 


PAFE 


HF 


lJJW 


ElF 
HIGH 


-------~~-1 


~D~_ 


Notes: 
34. W2 updates the flag to the Almost Full state by asserting PAFE. Be- 


cause R 1 occurs greater than tSKEWlafter W2, W2 does not recognize 
Rl when updating flag status. W3 includes R2 in flag update because 
R2 occurs greater 
tban tSKEW2before 
W3. Note that W3 does not 


have to be enabled 
to update 
flags. 


• 
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Switching 
Waveforms 
(continued) 


Write to Almost Full Timing Diagram with Write Flag Update Cycle and Free-Running 
Clocks[21.26.291 


2030 (no cnange) 
(494) 


FlAG UPDATE CYCLE 
COUNT 


Ct<W 


ENW 


CKR 


ENR 


HF 
LOW 


ElF 
HIGH 


!Fo 


~ 
PAFE 


Write to Full Flag Timing Diagram with Free-Running 
Clocks[21.23.29.36j 


COUNT 


ElF 


PAFE 


Notes: 
36. W2 is ignored because the FIFO is full (count 
= 2,048 [512]). It is 
important 
to note that W3 isalso ignored because R3, the first enabled 


read after 
full, occurs Jess than tSKEW2before 
W3. Therefore, 
the 


FIFO still appears 
full when W3 occurs. Decause R3 occurs greater 


than tSKEW2before W4, W4 includes R3 in flag update. 
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Switching Waveforms 
(continued) 


Even Parity Generation 
Timing DiagramI31,38] 
-1 
,---_/ 
,--- 


,,(xxxxy 
'O(xxxx 


=======l_EN_ABLE_DA_=_'_-_----/ 
'--- 


,,(xxxxy 
,<xxxxx 


Notes: 
37, In this example, the FIFO is assumed to be programmed 
to generate 


even parity, 


38. If 00_1 "new word" also has an even number of Is, then PG stays LOW. 
39, If 00-1 "new word" also has odd number of!s, 
then PG stays HIGH.• 
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Switching Waveforms 
(continued) 


Even Parity Checkingl401 


}<xxxxxxxxxxxxx> 


QO-7:XXXXXXXXXX~ 


-----_/ 
,,----- 


Notes: 
40. In this example, the FIFO is assumed to be programmed 
to check for 


even parity. 


41. This example assumes that the time from the CKR rising edge tovalid 
word M+ 12tA• 


42. IfENR 
was HIGH around the rising edge ofCKR (i.e., read disabled), 


the valid data at the far right would once again be word M instead of 
word M+ 1. 
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Architecture 


The CY7C451 and CY7C453 consist of an array of 51212048words 
of 9 bits each (implemented 
by an array of dual-port RAM cells), 


a read ~ter, 
a write.,E9inter, control signals ~Jgl., CKW, ENR, 


ENW, MR, OE, FL, XI, XO), and flags (HF, ElF, PAFE). 
Resetting the FIFO 


I2122.npower-up, the FlFO 
must be reset with a Master Reset 


(MR) cycle._TEis causes the FlFO to enter the Empty condition 
signified by ElF and PAFE being LOW and HF being HIGH. 
All 


data outputs (00••) go low at the rising edge of MR. In order for 
the FIFO to reset to its default state, a falling~e 
must occur on 


MR and the user must not read or write while MR is LOW (unless 
ENR and/or ENW are HIGH or unless the device is being pro- 
grammed). 
Upon completion of the Master Reset cycle, all data 


outputs will go LOW tAMRafter MR is deasserted. 
All flags are 


guaranteed 
to be valid tMRFafter MR is taken HIGH. 
FIFO OPERATION 


When the ENW signal is active (LOW), data present on the Do•• 
pins is written into the FlFO on each rising edge of the CKW sig- 
nal. Similarly, when the ENR signal is active, data in the FlFO 
memory will be presented 
on the 00.• outputs. New data will be 
presented on each rising edge of CKR while ENR is active. ENR 
must set up tSENbefore CKR for it to be a valid read function. 
ENW must occur tSENbefore CKW for it to be a valid write func- 
tion. 


An oU.!l1!!tenable (OE) pin is provided to tri-state the 0•.•outputs 
when OE is not asserted. When OE is enabled, data in the output 
register will be available to 00.• outputs after toE. If devices are 
cascaded, the OE function will only output data on the FlFO that 
is read enabled. 


The FlFO contains overflow circuitry to disallow additional writes 
when the FlFO is full, and underflow circuitry to disallow addition- 
al reads when the FlFO is empty. An empty FlFO maintains the 
data of the last valid read on its 00-8 outputs even after additional 
reads occur. 
Programming 


The CY7C451 and CY7C453 are programmed during a master re- 
set cycle. If MR and ENW are LOW, a rising ed~n 
CKW will 


write Do•• inputs into the programming register. MR must be set 
up a minimum of tSMRPbefore the program write rising edge and 
held tHMRPafter the program write falling edge. The user has the 
ability to also perform a program read during the master reset 
cycle. This will occur at the rising edge of CKR when MR and 
ENR are asserted. 
The program read must be performed a mini- 


mum of tfTP after a program write, and the program word will be 
available tAPafter the read occurs. If a program write does not oc- 
cur, a program read may occur a minimum of tSMRPafter MR is 
asserted. This will read the default program value. 
When free-running 
clocks are tied to CKW and CKR, program- 
ming can still occur during a master reset cycle with the adherence 
to a few additional timing parameters. 
The enable pins must be 


set-up tSENbefore the rising edge of CKW or CKR. 
Hold times 


of tHENmust also be met for ENW and ENR. 


Data present on Do_s during a program write will determine 
the 


distance from Empty (Full) that the Almost Empty (Almost Full) 
flags willbecome active. See Table 1 for a description of the sixpos- 
sible FlFO states. P in Table 1 refers to the decimal equivalent of 


the binary number represented by Do_s. Programming options for 
the CY7C451 and CY7C453 are listed in Table 5. Programming 
resolution is 16 words for either device. 


The 
programmable 
PAFE 
function 
is only valid when 
the 


CY7C451/453 are not cascaded. 
If the user elects not to program 


the FlFO's flags, the default (p= 1) is as follows: Almost Empty 
condition 
(Almost 
Full 
condition) 
is 
activated 
when 
the 


CY7C451/453 contain 16 or less words (empty locations). 


Parity isprogrammed with the D6-8bits. See Table 7 for asummary 
of the various parity programming options. 
Data present on D6-8 


during a program write will determine whether the FlFO will gen- 
erate or check even/odd parity for the data present on Do•• there- 
after. If the user elects not to program the FlFO, the parity func- 
tion is disabled. Flag operation and parity are described in greater 
detail in subsequent sections. 
Flag Operation 


The CY7C451142,3"'providethree~tus 
pins when not cascaded. 


The three pins, ElF, PAFE, and HF, allow decoding of six FlFO 
states (Table 1). PAFE is not available when FlFOs are cascaded 
for depth expansion. 
All flags are synchronous, meaning that the 


change of states is relative to one of the clocks (CKR or CKW, as 
appropriate). 
The synchronous 
architecture 
guarantees 
some 


minimum valid time for the flags. This time is typically equal to 
approximately one cycle time. The Empty and Almost Empty flag 
states are exclusively updated by each rising edge of the read clock 
(CKR). 
For example, when the FlFO contains 1 word, the next 


read (rising edge of CKR while ENR =LOW) causes the flag pins 
to output a state that represents Empty. 
The Half Full, Almost 


Full, and Full flag states are updated exclusively by the write clock 
(CKW). For example, if the CY7C453 FlFO contains 2047 words 
(2048 words indicate Full for the CY7C453), the next write (rising 
edge of CKW while ENW =LOW) causes the flag pins to output 
a state that is decoded as Full. 


CY7C451 
CY7C453 
512 x 9 
2Kx9 
Number of 
Number of 
'ElF 
PAFE 
HF 
State 
Words in 
Words in 
FIFO 
FIFO 


0 
0 
1 
Empty 
0 
0 


1 
0 
1 
Almost 
1-(16 
- P) 
1-(16 
- P) 
Empty 
Less than or 
(l6oP)+ 
1 .• 
(16-P)+ 1- 
1 
1 
1 
Equal to 
Half Full 
256 
1024 


Greater 
257_ 
1025_ 
1 
1 
0 
than Half 
511-(16- 
P) 2047-160 
P 
Full 


1 
0 
0 
Almost Full 
512-(16- 
P) 
2048- (16 - P) 


.• 
511 
- 
2047 
0 
0 
0 
Full 
512 
2048 


Note: 
43. P is the decimal value of the binary number represented by Do_s . 


When programmingthe CY7C451153,P can have values from 0 to 
15 for the CY7C451and valuesfrom 0 to 63 for the CY7C453. See 
Table 5 for Do_s representation. P = 0 signifiesAlmost Empty state 
= Empty state. 


• 
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Flag Operation (continued) 


Since the flags denoting emptiness (Empty, Almost Empty) are 
only updated by CKR and the flags signifying fullness (Half Full, 
Almost Full, Full) are exclusively updated by CKW, careful atten- 
tion must be given to the flag operation. 
The user must be aware 


that if a boundary (Empty, Almost Empty, Half Full, Almost Full, 
or Full) is crossed due to an operation from a clock that the flag 
is not synchronized to (i.e., CKW does not affect Empty or Almost 
Empty), a flag update cycle is necessary to represent the FIFO's 
new state. The signal to which a flag is not synchronized will be 
referred to as the opposite clock (CKW is opposite clock for Empty 
and Almost Empty flags; CKR is the opposite clock for Half Full, 
Almost Full, and Full flags). Until a proper flag update cycle is ex- 
ecuted, the synchronous flags will not show the "true" state of the 
FIFO. 
When updating flags, the CY7C451/453 must make a decision as 
to whether or not the opposite clock was recognized when a clock 
updates the flag. For example (when updating the Empty flag), if 
a write occurs at least tSKEWlafter a read, the write is guaranteed 
not to be included when CKR updates the flag. If a write occurs 
at least tSKEW2before a read, the write is guaranteed to be included 
when CKR updates flag. If a write occurs within tSKEW,/tSKEW2 
af- 
ter or before CKR, then the decision of whether or not to include 
the write when the flag is updated by CKR is arbitrary. 
The update cycle for non-boundary 
flags (Almost Empty, Half 
Full, Almost Full) is different from that used to update the bound- 
ary flags (Empty, Full). Both operations are described below. 


Boundary and Non-Boundary Flags 


Empty Flag 


The Empty flag is synchronized to the CKR signal (ie. the Empty 
flag can only be updated by a clock pulse on the CKR pin). An 
empty FIFO that is written to will be described with an Empty flag 
state until a rising edge is presented to the CKR pin. When making 
the transition from Empty to Almost Empty (or Empty to Less 
than Half Full), a clock cycle on the CKR is necessary to update 
the flags to the current state. 
In such a state (flags showing Empty 


even though data has been written to the FIFO), two read cycles 
are required to read data out of FIFO. 
The first read serves only 


to update the flags to the Almost Empty or Less than Half Full 
state, while the second read outputs the data. This first read cycle 
isknown as the latent or flag update cycle because it does not affect 
the data in the FIFO or the count (number of words in FIFO). 
It sim~asserts 
the Empty flag. The flag is updated regardless 


of the ENR state. Therefore, 
the update occurs even when ENR 


is unasserted (HIGH), so that a valid read is not necessary to up- 
date the flags to correctly describe the FIFO. 
In this example, the 


write must occur at least tSKEW2before the flag update cycle in or- 
der for the FIFO to guarantee 
that the write will be included in 


the count when CKR updates the flags. When a free-running clock 
is connected to CKR, the flag is updated each cycle. Table 2 shows 
an example of a sequence of operations 
that update the Empty 


flag. 


Boundary Flags (Full) 


The Full flag is synchronized to the CKW signal (i.e., the Full flag 
can only be updated by a clock pulse on the CKW pin). A full FIFO 
that is read will be described with a Full flag until a rising edge is 
presented to the CKW pin. When making the transition from Full 
to Almost Full (or Full to Greater Than Half Full), a clock cycle 
on the CKW is necessary to update the flags to the current state. 
In such a state (flags showing Full even through data has been read 
from the FIFO), two write cycles are required to write data into 
the FIFO. The first write serves only to update the flags to the Al- 
most Full or Greater Than Half Full state, while the second write 
inputs the data. This first write cycle is known as the latent or flag 
update cycle because it does not affect the data in the FIFO or the 
count (number of words in the FIFO). It s~deasserts 
the Full 


flag. The flag is updated regardless of the ENW state. Therefore, 
the update occurs even when ENW is deasserted (HIGH), so that 
a valid write is not necessary to update the flags to correctly de- 
scribe the FIFO. In this example, the read must occur at least 
tSKEW2before the flag update cycle in order for the FIFO to guar- 
antee that the read will be included in the count when CKW up- 
dates the flags. When a free-running clock is connected to CKW, 
the flag updates each cycle. Full flag operation 
is similar to the 


Empty flag operation described in Table 2. 


Status Before Operation 
Status After Operation 
Current 
Number 
Number 
State of 
of Words 
Next State 
of words 


FIFO 
ElF' 
AFE 
HF 
in FIFO 
Operation 
of FIFO 
ElF' 
AFE 
HF 
in FIFO 
Comments 


Empty 
0 
0 
1 
0 
Write 
Empty 
0 
0 
1 
1 
Write 


(ENW = 0) 
Empty 
0 
0 
1 
1 
Write 
Empty 
0 
0 
1 
2 
Write 


(ENW = 0) 
Empty 
0 
0 
1 
2 
Read 
AE 
1 
0 
1 
2 
Flag Update 


(ENR = X) 


AE 
1 
0 
1 
2 
Read 
AE 
1 
0 
1 
1 
Read 


(ENR = 0) 


AE 
1 
0 
1 
1 
Read 
Empty 
0 
0 
1 
0 
Read 
(transition 
from 


(ENR = 0) 
Almost Empty to Empty) 


Empty 
0 
0 
1 
0 
Write 
Empty 
0 
0 
1 
1 
Write 


(ENR = 0) 
Empty 
1 
0 
1 
1 
Read 
AE 
1 
0 
1 
1 
Flag Update 


(ENR = X) 


AE 
1 
0 
1 
1 
Read 
Empty 
0 
0 
1 
0 
Read 
(transition 
from 


(ENR = 0) 
Almost Empty to Empty) 
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Non-Boundary 
Flags (Almost Empty, Half Full, Almost Full) 


The CY7C451/453 feature programmable 
Almost Empty and Al- 


most Full flags. Each flag can be programmed 
a specific distance 
from the corresponding 
boundary flags (Empty or Full). The flags 


can be programmed 
to be activated at the Empty or Full boundary, 


or at a distance of up to 1008words/locations for the CY7C453 (240 
words/locations for the CY7C451) from the Empty/Full boundary. 
The programming 
resolution 
is 16 words/locations .. When the 


FIFO contains the number of words or fewer for whIch the flags 
have been programmed, 
the PAFE flag will be asserted signifying- 


that the FIFO is Almost Empty. 
When the FIFO is within that 


same number of empty locations from being Full, the PAFE will 
also be asserted signifying that the FIFO is Almost Full. The HF 
flag is decoded to distinguish the states. 


The default distance (CY7C45 11453not programmed) from where 
PAFE becomes active to the boundary (Empty, Full) is 16 words/ 
locations. 
The Almost Full and Almost Empty flags can be pro- 


grammed so that they are only active at Full and Empty bound- 
aries. 
However, the operatIon 
WIll remaIn consIstent WIth the 
non-boundary 
flag operation 
that is discussed below. 


Almost Empty is only updated by CKR while Half Full and Almost 
Full are updated by CKW. Non-boundary flags employ flag update 
cycles similar to the boundary flag latent cycles in order to update 
the FIFO status. For example, if the FIFO just reaches the Greater 
than Half Full state, and then two words are read from the FIFO, 
a write clock (CKW) will be required to update the flags to the Less 
than Half Full state. 
However, unlike the boundary flag latent 


cycle, the state of the enable pin (ENW in this case) affects the op- 
eration. Therefore, set-up and hold times for the enable pins must 
be met (tSENand tHEN)'If the enable pin is active during the flag 
update cycle, the count and data are updated in addition to PAFE 
and HF. 
If the enable pin is not asserted during the flag update 


cycle, only the flags are updated. 
Tables 3 and 4 show an example 


of a sequence of operations that update the Almost Empty and Al- 
most Full flags. 
Programmable 
Parity 


The CY7C451/453 also features even or odd parity checking and 
generation. 
D6-8are used during a program write to describe the 


parity option desired. Table 6 gives a summary of programmable 
parity options. Ifuser elects not to program the device, then parity 
is disabled. Pari!r.0forrnation 
is provided on one multi-mode out- 
put pin (08/PG/PE). 
The three possible modes are described in 
the following paragraphs. Regardless of the mode selected, the OE 
pin retains tri-state control of all 9 00-8 bits. 


Parity Disabled (Q8 mode) 


When parity is disabled (or user does not program parity option) 
the CY7C451/453 stores all 9 bits present on DO_8 inputs internally 
and will output all 9 bits on 00- 8. 


Parity Generate 
(PG mode) 


This mode is used to generate either even or odd parity (as pro- 
grammed) from Do_7. D8input is ignored. The parity bit is stored 
internally as D8 and during a subsequent read will be available on 
the PG pin along with the data word from which the parity was gen- 
erated (00-7). For example, if parity generate is set to ODD and 
the DO_7 inputs have an EVEN number of Is, PG will be HIGH. 


Parity Check (PE mode) 


If the CY7C451/453 is programmed 
for parity checking, the FIFO 


will compare the parity of DO_8 with the program register. 
If the 


expected parity is present, D8 will be set HIGH internally. 
When 


this word is later read, PE will be HIGH. 
If a panty error occurs, 


D8 will be set LOW internally. 
When this word is later read, PE 


will be LOW. For example, if parity check is set to odd and DO_8 
have an even number of Is, a parity error occurs. When that word 
is later read, PE will be asserted (LOW). 
Width Expansion Modes 


During width expansion all flags (programmable and nonprogram- 
mabie) are available. The CY7C451/453 can be expanded In WIdth 
to provide word width greater than 9 in increments of 9. Dunng 
width expansion mode all control line inputs are common .. When 
the FIFO is being read near the Empty (Full) boundary, It ISImpor- 
tant to note that both sets of flags should be checked to see if they 
have been updated to the Not Empty (Not Full) condition to insure 
that the next read (write) will perform the same operalton on all 
devices. 


Checking all sets of flags is critical so that data is not read from the 
FIFOs "staggered" by one clock cycle. This situation could occur 
when the first write to an empty FIFO and a read are very close 
together. If the read occurs less than tSKEW2after the first write to 
two width-expanded 
devices, A and B, device A may go Almost 


Empty (read recognized as flag update) while device B stays Empty 
(read ignored). This occurs because a read can be eIther recog- 
nized or ignored if it occurs within tSKEW2of a write. The next read 
cycle outputs the first half of the first word on deVIceA whIle deVIce 
B updates its flags to Almost Empty. Subsequent reads WIllcontIn- 
ue to output "staggered" data assuming more data has been wnt- 
ten to FIFOs. 
Depth Expansion Mode 


The CY7C451/453 can operate 
up to 50 MHz when cascaded. 


~th 
expansion is accomplished 
by connecting 
expansion out 


~) 
of the first device to expansion in (XI) of the next deVIce,WIth 


XO of the last device connected to XI of the fITStdeVIce. The first 
device has its first load pin (FL) tied to Vss while all other devices 
must have this pin tied to Vcc. The first device will be the first to 
be write and read enabled after a master reset. 


Proper operation also re<juires that all cascaded devices have com- 
mon CKW, CKR, ENW, ENR, Do_8,00-8, and MR PIns. When 
cascaded one device at a time will be read enabled so as to aVOId 
bus cont~ntion. 
By asserting XO when appropriate, 
the currently 


enabled FIFO alerts the next FIFO that it should be enabled. The 
next rising edge on CKR puts 00-8 outputs of the first device into 
a high-impedance state. This occurs regardless of the state ofENR 
or the next FIFO's Empty flag. Therefore, 
if the next FIFO is 


empty or undergoing a latent cycle, the 00-8 bus will be in a high- 
impedance state until the next device receives its first read, whIch 
brings its data to the 00-8 bus. 
Program Write/Read of Cascaded Devices 


Programming of cascaded FIFOs is the same as for a single dcvice. 
Because the controls of the FIFOs are in parallel when cascaded, 
they all get programmed 
the same. 
During program mode, only 


parity is programmed 
since Almost Full and Almost Empty flags 


are not available when CY7C451/453 are cascaded. Only the "first 
device" (FIFO with FL= LOW) will output its program register 
contents on 00-8 during a program read. 00-8 of all other devices 
will remain in a high-impedance 
state to avoid bus contention. 


• 


CY7C451 
CY7C453 


yw 


ENR 
• 


"- 


XI 


DlJ-"8 
°0-8 
V 


CIWV 
CKR 


__ 
CY7C451lL- -- 


ENW 
ENR 


MR 
HF 


A 
-- DE 
ElF 


",DATA 


FLl 


°0_ 


...• 
MR 
PAFEIi«5 
V 
Vss 
.......= 


"- 
XI 
IF 
) 00-8 
°0-8 
I 
I 
CIWV 
CKR .--J 
ENW 
ENR 
CY7C45113 
MR 
HF 
ElF 
FULL 
EMP 
-- 
DE 
Vcc 


PAFEIi«5 
FL -l 


Status Before Operation 
Status After Operation 
Number 
Number 
Current 
State 
of Words 
Next State 
of words 
of FIFO 
ElF 
AFE 
UF 
in FIFO 
Operation 
of FIFO 
ElF 
PAFE 
UF 
in FIFO 
Comments 
AE 
1 
0 
1 
32 
Write 
AE 
1 
0 
1 
33 
Write 


(ENW = 0) 


AE 
1 
0 
1 
33 
Write 
AE 
1 
0 
1 
34 
Write 


(ENW = 0) 


AE 
1 
0 
1 
34 
Read 
<HF 
1 
1 
1 
33 
tlag Update and Read 


(ENR = 0) 


<HF 
1 
1 
1 
33 
Read 
<HF 
1 
1 
1 
33 
Ignored Read 


(ENR = 1) 
(ENR = 1) 
<HF 
1 
1 
1 
33 
Read 
AE 
1 
0 
1 
32 
Read (Transition 
from 


(ENR = 0) 
<HFtoAE) 


CY7C451 
CY7C453 


Status Before Operation 
Status After Operation 
Number 
Number 
Number 
Number 


Current 
of Words 
of Words 
Next 
of Words 
of Words 
State of 
in FIFO 
in FIFO 
State 
in FIFO 
in FIFO 


FIFO 
E/F 
AFE 
HF 
CY7C45 I 
CY7C453 
Operation 
of FIFO 
E/F 
PAFE 
HF 
CY7C451 
CY7C453 
Comments 


AF 
1 
0 
0 
496 
2032 
Read 
AF 
1 
0 
0 
495 
2031 
Read 
(ENR = 0) 


AF 
1 
0 
0 
495 
2031 
Read 
AF 
1 
0 
0 
494 
2030 
Read 
(ENR = 0) 


AF 
1 
0 
0 
494 
2030 
Write 
>HF 
1 
1 
0 
494 
2030 
Flag Update 


(ENW = 1) 


>HF 
1 
1 
0 
494 
2030 
Write 
>HF 
1 
1 
0 
495 
2031 
Write 


(ENW = 0) 


>HF 
1 
1 
0 
495 
2031 
Write 
AF 
1 
0 
0 
496 
2032 
Write (fran- 


(ENW = 0) 
sition from 
>HF to AF) 


D5 
D4 
D3 
D2 
Dl 
DO 
PAFE Active when CY7C451/453 is: 
pr471 


0 
0 
0 
0 
0 
0 
Completely Full and Empty. 
0 
0 
0 
0 
0 
0 
1 
16 or less locations from Empty/Full (default) 
1 
0 
0 
0 
0 
1 
0 
32 or less locations from Empty/Full 
2 
0 
0 
0 
0 
1 
1 
48 or less locations from Empty/Full 
3 


224 or less locations from Empty/Full 
240 or less locations from Empty/Full 


992 or less locations from Empty/Full 
1008 or less locations from Empty/Full 


D8 
D7 
D6 
Condition 


0 
X 
X 
Parity disabled. 


1 
0 
0 
Generate 
even parity on PG output pin. 


1 
0 
1 
Generate 
odd parity on PG output pin. 
1 
1 
0 
Check for even parity. Indicate error on PE output pin. 


1 
1 
1 
Check for odd parity. 
Indicate error on PE output pin. 


Notes: 
44. Appliestoboth CY7C451and CY7C453operationswhendevicesare 
46. 04 and 05 are don't care for CY7C451. 


programmed so that Almost Empty becomes activewhen the FIFO 
47. Referenced in Table 1. 


contains 
32 or fewer words. 
45. Programmedso that AlmostFullbecomesactivewhenthe FIFO con- 


tains 16 or lessempty locations. 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
'JYpe 
Range 


14 
CY7C451-14JC 
J65 
Commercial 


CY7C451-14DC 
D32 


CY7C451-14LC 
L55 


CY7C451-14JI 
J65 
Industrial 


CY7C451-14DI 
D32 


CY7C451-14DMB 
D32 
Military 


CY7C451-14LMB 
L55 


20 
CY7C451-20JC 
J65 
Commercial 


CY7C451-20DC 
D32 


CY7C451-20LC 
L55 


CY7C451-2OJI 
J65 
Industrial 


CY7C451-20DI 
D32 


CY7C451-20DMB 
D32 
Military 


CY7C451-20LMB 
L55 


30 
CY7C451-30JC 
J65 
Commercial 


CY7C451-30DC 
D32 


CY7C451-30LC 
L55 


CY7C451-30JI 
J65 
Industrial 


CY7C451-30DI 
D32 


CY7C451-30DMB 
D32 
Military 


CY7C451-30LMB 
L55 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
'IYpe 
Range 


14 
CY7C453-14JC 
J65 
Commercial 


CY7C453-14DC 
D32 


CY7C453-14LC 
L55 


CY7C453-14JI 
J65 
Industrial 


CY7C453-14DI 
D32 


CY7C453-14DMB 
D32 
Military 


CY7C453-14LMB 
L55 


20 
CY7C453-20JC 
J65 
Commercial 


CY7C453-20DC 
D32 


CY7C453-20LC 
L55 


CY7C453-20JI 
J65 
Industrial 


CY7C453-20DI 
D32 


CY7C453-20DMB 
D32 
Military 


CY7C453-20LMB 
L55 


30 
CY7C453-30JC 
J65 
Commercial 


CY7C453-30DC 
D32 


CY7C453-30LC 
L55 


CY7C453-30JI 
J65 
Industrial 


CY7C453-30DI 
D32 


CY7C453-30DMB 
D32 
Military 


CY7C453-30LMB 
L55 


CY7C451 
CY7C453 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VILMax. 
1,2,3 


IIX 
1,2,3 


Icc 
1,2,3 


Ios 
1,2,3 


Parameters 
Subgroups 


teKw 
9, 10, 11 


teKR 
9, ro, 11 


tCKH 
9, ro, 11 


tCKL 
9, ro, 11 


tA 
9, ro, 11 


toH 
9, ro, 11 


tFH 
9, ro, 11 


tSD 
9, ro, 11 


tHD 
9, ro, 11 


tSEN 
9, ro, 11 


tHEN 
9, ro, 11 


toE 
9,10, 11 


tOLZ 
9,10, 11 


tOHZ 
9, ro, 11 


tPG 
9,10, 11 


tpE 
9,10, 11 


tFD 
9, ro, 11 


tSKEW! 
9, ro, 11 


tSKEW2 
9, ro, 11 


tPMR 
9, ro, 11 


tSCMR 
9, ro, 11 


tOHMR 
9, ro, 11 


tMRR 
9, ro, 11 


tMRF 
9, ro, 11 


tAMR 
9, ro, 11 


tSMRP 
9, ro, 11 


tUMRP 
9, ro, 11 


tFrP 
9, ro, 11 


tAP 
9, ro, 11 


tOHP 
9, ro, 11 


• 


---- 


Features 


• 
8K x 9, 16K x 9, 32K x 9 FIFO buffer 
memory 
• 
Asynchronous 
read/write 
• 
High-speed 33.3-MHz read/write 
in- 
dependent 
of depth/width 
• 
Low operating 
power 
- 
lee (max.) = 160 mA 
(commercial) 


- 
lee (max.) = 180 mA (military) 


• 
Half Full nag in standalone 
• 
Empty and Full nags 
• 
Retransmit 
in standalone 
• 
Expandable 
in width and depth 


• 
5V ± 100/0supply 
• 
PLeC, 
LeC, and 600-mil DIP 
packaging 


• 
TTL compatible 
• 
Three-state 
outputs 
• 
Pin compatible 
to IDT720S and 


IDT7206 


CY7C460 
CY7C462 
CY7C464 


Cascadeable 
8K X 9 FIFO 


Cascadeable 
16K X 9 FIFO 


Cascadeable 
32K X 9 FIFO 


Functional 
Description 


The CY7C460, CY7C462, and CY7C464 
are respectively, 8K, 16K, and 32K words 
by 9-bit wide first-in-first-out (FIFO) me- 
mories. Each FIFO memory is organized 
such that the data is read in the same se- 
quential order that it was written. Full and 
Empty flags are provided to prevent over- 
run and underrun. 
Three additional pins 
are also provided to facilitate unlimited ex- 
pansion 
in width, depth, 
or both. 
The 
depth expansion technique steers the con- 
trol signals from one device to another in 
parallel, thus eliminating the serial addi- 
tion 
of 
propagation 
delays, 
so 
that 


throughput is not reduced. Data is steered 
in a similar manner. 


The 
read and write operations 
may be 
asynchronous; each can occur at a rate of 
33.3 MHz. The_write 
operation 
occurs 
when the write (W-lsignal is LOW. Read 
occurs when read (R) goes LOW. The nine 


data outpu~ 
go to the high-impedance 


state when R is HIGH. 


A Half Full (HF) output flag is provided 
that is valid in the standalone 
(single de- 
vice) and width expansion configurations. 
In the depth expansion configuration, 
this 


pin provides the expansion out (XO) infor- 
mation that is used to tell the next FIFO 
that it will be activated. 


In the standalone 
and width expansion 
configurations, 
a LOW on the retransmit 


(RT) input causes the ~FOs 
to retransmit 


the data. Read enable (R) and write enable 
(W) must both be H.!.GH during a retrans- 
mit cycle, and then R is used to access the 
data. 


The CY7C46D, CY7C462, and CY7C464 
are fabricated using an advanced D.8-mi- 
cron 
N-well 
CMOS 
technology. 
Input 
ESD protection is greater than 20DDVand 
latch-up 
is prevented 
by careful layout, 


guard rings, and a substrate bias generator. 


Pin Configurations 


PLCC/LCC 
DIP 
Top View 
Top View 


aM dOI~ ~ 
>8 o~ oIL) 
W 
Vcc 


• 
3 
2 '" 
Da 
D. 


0, 
s 
L. 
0. 
03 
Os 


0, 
6 
0, 
O2 
06 


7 
NC 
0, 
07 
a 
7C460 
FLiRT 
Do 
FDRT 
7C462 
FF 
9 
7C464 
MR 
Xl 
MR 
0, 
10 
IT 
FF 
EF 
0, 
11 
XCIHI' 
00 
XO/HF 


NC 
12 
0, 
0, 
0] 
0, 
13 
0, 
O2 
06 
,. 15 1617 
03 
Os 
cf'cf'!i!§1Ia: o~rf' 
Oa 
O. 
" 
GND 
11 
MR 
C460·2 
mRT 
C460·3 


7C460-15 
7C460-25 
7C460-40 


7C462-15 
7C462-25 
7C462-40 


7C464-15 
7C464-25 
7C464-40 


Frequency (MHz) 
33.3 
28.5 
20 


Maximum Access Time (ns) 
15 
25 
40 


Maximum Of 
rating 
I Commercial 
160 
145 
125 
Current (mA 
I Military 
180 
165 
145 


Maximum 
Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up Current 
. 


Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 
Operating 
Range 


DC Voltage Applied to Outputs 
in High Z State. 
. . . . . . . . . . . . . . . . . . . . . . . .. - 0.5V to + 7.0V 
DC Input Voltage. . . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


Power Dissipation. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
l.OW 


Output Current, into Outputs (LOW) 
20 mA 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± lO% 


Industrial 
-40°C to +85°C 
5V ± lO% 


MilitaryPJ 
-55°C to + 125°C 
5V ± lO% 


7C460-15 
7C460-25 
7C460-40 


7C462-15 
7C462-25 
7C462-40 


7C464-15 
7C464-25 
7C464-40 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = -2.0 mA 
2.4 
2..4 
2..4 
V 


VOL 
Output WW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
Com'l 
2.0 
2.0 
2.0 
V 


Mil/lnd 
2.2 
2.2 
2.2 


V,L 
Input WW Voltage 
0.8 
0.8 
0.8 
V 


I,x 
Input Leakage Current 
GND~ 
VI~ 
Vee 
-lO 
+lO 
-lO 
+lO 
-lO 
+lO 
IJ.A 


Ioz 
Output Leakage Current 
R 2. VIH,GND ~ 
Vo ~ 
Vee 
-lO 
+lO 
-lO 
+lO 
-lO 
+lO 
IJ.A 


Ice 
Operating 
Current 
Vee = Max., 
Com'1131 
160 
145 
125 
mA 


lOUT= 0 mA 
Mil/lndl'l 
180 
165 
145 


ISB1 
Standby Current 
All Inputs = VIHMin. 
Com'l 
25 
25 
25 
mA 


Mil/lnd 
30 
30 
30 


ISB2 
Power-Down Current 
All Inputs Vcc -0.2V 
Com'l 
20 
20 
20 
mA 


Mil/lnd 
25 
25 
25 


Ios 
Output Short 
Vcc = Max., VOUT= GND 
-90 
-90 
-90 
mA 
Circuit Current!SI 


Notes: 
1. 
TA is the "instant on" case temperature. 
2. 
See Ihe last page of Ihisspecificationfor Group A subgroup tesling 
information. 
3. 
Ice (commercial) = 
125_mA+ [(1- 20) • 2.5 mAIMHz] 
for f 2. 20 MHz 
where 1 = the larger of the write or read operating frequency. 


4. 
Ice (military) = 
145_mA+ [(1- 20)·2.5 
mAIMHz] 


for f 2. 20 MHz 


where1 = the larger of the wrile or read opcraling frequency. 


5. 
For 
test purposes, 
not more 
than 
one 
output 
at a time 
should 
be 


shorted. Short circuit test duration should not exceed 30 seconds. 


6. 
Tested initially and after any design or process changes that may affect 
these parameters. 


CY7C460 
CY7C462 
CY7C464 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
5 
pF 


CoUT 
Output Capacitance 
Vcc = 5.0V 
7 
pF 


AC Test Loads and Waveforms 
Rl500!1. 


5V 
5V 


30 


PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 
5PFI 


INCLUDING 


JIG AND 
_ 


SCOPE 
- 
~ 


10% 


-.. 
.5.5 ns 


(a) 


THEvENIN EQUIVALENT 


2OOIl. 


7C460·15 
7C460·25 
7C460·40 


7C462·15 
7C462·25 
7C462-40 


7C464·15 
7C464·25 
7C464-40 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read Cycle Time 
30 
35 
50 
ns 


tA 
Access Time 
15 
25 
40 
ns 


tRR 
Read Recovery Time 
15 
10 
10 
ns 


tPR 
Read Pulse Width 
15 
25 
40 
ns 


tLZR 
Read LOW to Low Z 
3 
3 
3 
ns 


tDVRI8) 
Read HIGH to Data Valid 
3 
3 
3 
ns 


tHzR18) 
Read HIGH to High Z 
15 
18 
25 
ns 


twc 
Write Cycle Time 
30 
35 
50 
ns 


tpw 
Write Pulse Width 
15 
25 
40 
ns 


tHWZ 
Write HIGH to Low Z 
5 
5 
5 
ns 


tWR 
Write Recovery Time 
15 
10 
10 
ns 


tsD 
Data Set-Up Time 
15 
18 
20 
ns 


tHO 
Data Hold Time 
0 
0 
0 
ns 


tMRSC 
MR Cycle Time 
30 
35 
50 
ns 


tpMR 
MR Pulse Width 
15 
25 
40 
ns 


tRMR 
MR Recovery Time 
15 
10 
10 
ns 


tRPW 
Read HIGH to MR HIGH 
15 
25 
40 
ns 


twpw 
Write HIGH to MR HIGH 
15 
25 
40 
ns 


tRTC 
Retansmit Cycle Time 
30 
35 
50 
ns 


tPRT 
Retransmit 
Pulse Width 
15 
25 
40 
ns 


tRTR 
Retransmit 
Recovery Time 
15 
10 
10 
ns 


tEFL 
MR toEFLOW 
30 
35 
50 
ns 


tHFH 
MR toHFHIGH 
30 
35 
50 
ns 


tFFH 
MR toFFHIGH 
30 
35 
50 
ns 


CY7C460 
CY7C462 
CY7C464 


7C460-IS 
7C460-2S 
7C460-40 
7C462·IS 
7C462-2S 
7C462·40 
7C464-IS 
7C464-2S 
7C464-40 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tREF 
Read 
LOW 
to EF LOW 
IS 
25 
40 
os 


tRFF 
Read 
HIGH 
to FF HIGH 
15 
25 
40 
os 


tWEF 
Write 
HIGH 
to EF HIGH 
15 
25 
40 
os 


tWFF 
Write 
LOW 
to FF LOW 
15 
25 
40 
os 


tWHF 
Write 
LOW 
to HF 
LOW 
30 
35 
50 
os 


tRHF 
Read 
HIGH 
to HF 
HIGH 
30 
35 
50 
ns 


tRAE 
Effective 
Read 
from 
Write 
HIGH 
15 
25 
40 
ns 


tRPE 
Effective 
Read 
Pulse Width 
After 
EF HIG H 
15 
25 
40 
ns 


tWAF 
Effective 
Write 
from 
Read 
HIGH 
IS 
25 
40 
ns 


tWPF 
Effective 
Write 
Pulse Width 
After 
FF HIGH 
15 
25 
40 
ns 


tXOL 
Expansion 
Out 
LOW 
Delay 
from 
Clock 
15 
25 
40 
ns 


tXOH 
Expansion 
Out 
HIGH 
Delay 
from 
Clock 
15 
25 
40 
os 


w-e--~ r'" 
4-1"'--- 
l:: tSD 
ltiD ::1 


Do-De --------"- 
DATA VALID ;,-------< 
DATA VALID )-- 


Notes: 
7. 
Test conditions assume signal transmission time of 5 ns or less, timing 
reference 
levels of I.SV and output 
loading of the specified toLlIoH 


and 30 pF load capacitance. 
as in part (a) of AC Test Load, unless 
otherwise specified. 
8. 
tHzRand tovR use capacitance 
loading as in part (b) of AC Test Load. 


9. 
A high-to-Iow 
transition 
of either 
the write 
or read strobe causes a 


high-to-low transition 
of the responding 
flag. Correspondingly, 
a low- 


to-high 
strobe transition 
causes a low-to-high 
flag transition. 


10. Wand 
R = VIII around 
the rising edge of MR. 


11. tMRSC = tpMR + tRMR· 
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Switching Waveforms 


Half Full Flag 


Last Write to First Read Full Flag 


LAST WRITE 


13. EF, HF and FF may change state during retransmit 
as a result of the 


offset of the read and write pointers, 
but flags will be valid at tRTC. 
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Switching Waveforms 
(continued) 


Empty Flag and Read Bubble-Through Mode 


~. 
tSD----l 


DATA OUT 
----~ 
DATA VALID ><ZZ> ------------------ 


• 


Notes: 
14. Expansion 
out of device 1 (XOl) is connected 
to expansion in of device 2 (XI2). 
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Resetting the FIFO 


Upon power up, the FIFO must be reset with a master reset (MR) 
cycle. This causes the FIFO to enter the empty condition signified 
by the Empty ~ 
(EF) being LOW, and_both the Hali.!'ull (HF), 


and Full flags (FF) being HIGH. 
Read (R) and write (W) must be 
HIGH tRPw/tWPWbefore and tRMRafter the rising edge of MR for 
a valid reset cycle. If reading from the FIFO after a reset cycle is 
attempted, 
the outputs will all be in the high-impedance 
state. 


Writing Data to the FIFO 


The availability of at least one~mpty 
location is indicated by a 
HIGH FF. The falling edge of W initiates a write cycle. Data ap- 
pearing ~ the inputs (Do - 08) tSDbefore and tHDafter the rising 
edge of W will be stored sequentially in the FIFO. 


The EF LOW-to-HIGH 
transition 
occurs tWEFafter the first 


LOW-to-HIGH 
transition 
of W for an empty FIFO. 
HF goes 


LOW tWHFafter the falling ed@..QfW following the FIFO actually 
being half full. Therefore, 
the HF is active once the FIFO is filled 
to half its capacity plus one word. HF will remain LOW while less 
than one half of total mem.Q!Y is available for writing. 
The 


LOW-to-HIGH 
transition of HF occurs tRHFafter the rising edge 


ofR when the FIFO goes from half full + 1to half full. HFis avail- 
able in standalone and v1Qthexpansion modes. FF goes LOW tWFF 
after the falling edge of W, during the cycle in which the last avail- 
able location is filled. Internal logic prevents overrunning 
a full 


FIFO. 
Writes to a full FIFO are ignored and the write pointer is 


not incremented. 
FF goes HIGH 
tRFFafter a read from a full 


FIFO. 


Reading Data from the FIFO 


The falling edge ofR initiates a read cycle if the EF is not LOW. 
Data outputs (00..:.08) are in a high-impedance condition between 
read operations (R HIGH), when the FIFO is empty, or when the 
FIFO is not the active device in the depth expansion mode. 
When one word is in the FIFO, the falling edge of R initiates a 
HIGH-to-LOW 
transition of EF. 
When the FIFO is empty, the 


outputs are in a high-impedance 
state. Reads to an empty FIFO 


are ignored and do not increment 
the read pointer. 
From the 


empty condition, the FIFO can be read tWEFafter a valid write. 


Retransmit 


The retransmit feature is beneficial when transferring 
packets of 


data. It enables the receipt of data to be acknowledged ..!~ythere- 
ceiver and retransmitted 
if necessary. The retransmit 
(RT) input 
is active in the standalone 
and width expansion modes. 
The re- 
transmit 
feature is intended 
for use when a number 
of writes 


equal-to-or-Iess-than 
the depth of the..E!FO have occurred since 


the last MR cycle. A LOW pulse on RT resets th~inter~1 
read 


pointer to the first physical location of the FIFO. 
Rand 
W must 


both be HIGH while and tRTRafter retransmit is LOW. With every 
read cycle after retransmit, previously accessed data is read and the 
read pointer incremented 
until equal to the write pointer. 
Full, 


Half Full, and Empty flags are governed by the relative locations 
of the read and write pointers and are updated durin!lJ!.retransmit 
cycle. Data written to the FIFO after activation of RT are trans- 
mitted also. 
The full depth of the FIFO can be repeatedly retransmitted. 


Standalone/Width 
Expansion Modes 


Standalone 
and width expansion modes are set by grounding ex- 
pansion in (XI) and tying first load (FL) to Vcc prior to a MR cycle. 
.' 
FIFOs can be expanded in width to provide word widths greater 
than nine in increments of nine. 
During width expansion mode, 


all control line inputs are common to all devices, and flag outputs 
from any device can be monitored. 


Depth Expansion Mode (see Figure 1) 


Depth e~ion 
mode is entered when, during a MR cycle, ~an- 
sion out (XO) of one device is connected to expansion in (XI) of 
the next device, with XO of the last device connected to XI of the 
first device. In the depth expansion mode, the first load (FL) input, 
when grounded, indicates that this is the first part to be loaded. All 
other devices must have this pin HIGH. 
To enable the correct 


FIFO, XO is pulsed LOW when the last physical location of thc 
previous FIFO is written to and is pulsed LOW again when the last 
physical location is read. Only one FIFO is enabled for read and 
one is enabled for write at any given time. All other devices are in 
standby. 


FIFOs can also be expanded simultaneously 
in depth and width. 


Consequently, any depth or width FIFO can be created with word 
widths in increments of nine. When expanding in depth, a compos- 
ite FF is created by ORin&.!!'e FFs together. Likewise, a compos tie 
EF is created by ORing EFs together. HF and RT functions arc 
not available in depth expansion mode. 
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xo 
Vi 
A 


IT 


CY7C480 


D 
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IT 
Vcc 


XI 


XO 


i'i' 
IT 
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IT 


XI 


XO 


IT 
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AS 
IT 


-= 
XI 


* FIRST 
DEVICE 


C460·17 


Figure 1. Depth Expansion 
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Speed 
Package 
Operating 
(ns) 
Ordering 
Code 
Type 
Range 


15 
CY7C460-I5PC 
PI5 
Commercial 


CY7C460-I5JC 
J65 


CY7C460-I5DC 
DI6 


CY7C460-I5LC 
LS5 


CY7C460-I5PI 
PI5 
Industrial 


CY7C460-I5JI 
J65 


CY7C460-I5DMB 
DI6 
Military 


CY7C460-I5LMB 
LS5 


25 
CY7C460-25PC 
PI5 
Commercial 


CY7C460-25JC 
J65 


CY7C460-25DC 
DI6 


CY7C460-25LC 
LS5 


CY7C460-25PI 
PI5 
Industrial 


CY7C460-25JI 
J65 


CY7C460-25DMB 
DI6 
Military 


CY7C460-25LMB 
LS5 


40 
CY7C460-40PC 
PI5 
Commercial 


CY7C460-4OJC 
J65 


CY7C460-4ODC 
DI6 


CY7C460-4OLC 
LS5 


CY7C460-40PI 
PI5 
Industrial 


CY7C460-4OJI 
J65 


CY7C460-4ODMB 
DI6 
Military 


CY7C460-4OLMB 
LS5 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
Type 
Range 


15 
CY7C462-I5PC 
PI5 
Commercial 


CY7C462-I5JC 
J65 


CY7C462-I5DC 
DI6 


CY7C462-I5LC 
LS5 


CY7C462-I5PI 
PI5 
Industrial 


CY7C462-I5JI 
J65 


CY7C462-I5DMB 
DI6 
Military 


CY7C462-I5LMB 
LS5 


25 
CY7C462-25PC 
PI5 
Commercial 


CY7C462-25JC 
J65 


CY7C462-25DC 
DI6 


CY7C462-25LC 
LS5 


CY7C462-25PI 
PI5 
Industrial 


CY7C462-25JI 
J65 


CY7C462-25DMB 
DI6 
Military 


CY7C462-25LMB 
LS5 


40 
CY7C462-40PC 
PI5 
Commercial 


CY7C462-4OJC 
J65 


CY7C462-40DC 
DI6 


CY7C462-40LC 
LS5 


CY7C462-4OPI 
PI5 
Industrial 


CY7C462-4OJI 
J65 


CY7C462-40DMB 
DI6 
Military 


CY7C462-4OLMB 
LS5 
• 
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Speed 
Package 
Operating 
(ns) 
Ordering 
Code 
1)'pe 
Range 


15 
CY7C464-15PC 
P15 
Commercial 


CY7C464-15JC 
J65 


CY7C464-150C 
016 


CY7C464-15LC 
LS5 


CY7C464-15PI 
P15 
Industrial 


CY7C464-15J1 
J65 


CY7C464-150MB 
016 
Military 


CY7C464-15LMB 
LS5 


25 
CY7C464-25PC 
P15 
Commercial 


CY7C464-25JC 
J65 


CY7C464-25DC 
016 


CY7C464-25LC 
LS5 


CY7C464-25PI 
P15 
Industrial 


CY7C464-25J1 
J65 


CY7C464-250MB 
016 
Military 


CY7C464-25LMB 
LS5 


40 
CY7C464-4OPC 
P15 
Commercial 


CY7C464-40JC 
J65 


CY7C464-400C 
016 


CY7C464-40LC 
LS5 


CY7C464-4OPI 
P15 
Industrial 


CY7C464-4OJI 
J65 
CY7C464-400MB 
016 
Military 


CY7C464-40LMB 
LS5 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 
DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


V1LMax. 
1,2,3 


11x 
1,2,3 


1cc 
1,2,3 


IsB! 
1,2,3 


ISB2 
1,2,3 


Ias 
1,2,3 


Parameters 
Subgroups 


tRC 
9, 10, 11 


tA 
9, 10, 11 


tRR 
9,10, 11 


tpR 
9,10, 11 


tLZR 
9,10,11 


tOYR 
9, 10, 11 


tHZR 
9, 10, 11 


twc 
9,10,11 


tpw 
9, 10, 11 


tHWZ 
9, 10, 11 


tWR 
9, 10, 11 


tSD 
9, 10, 11 


tHD 
9, 10, 11 


tMRSC 
9, 10, 11 


tpMR 
9, 10, 11 


tRMR 
9, 10, 11 


tRPW 
9, 10, 11 


twpw 
9, 10, 11 


tRTC 
9,10, 11 


tpRT 
9,10, 11 


tRTR 
9,10,11 


tEFL 
9,10, 11 


tHFH 
9, 10, 11 


tFFH 
9, 10, 11 


tREF 
9, 10, 11 


tRFF 
9, 10, 11 


tWEF 
9,10, 11 


tWFF 
9,10, 11 


tWHF 
9,10, 11 


tRHF 
9,10,11 


tRAE 
9,10,11 


tRPE 
9, 10, 11 


tWAF 
9, 10, 11 


tWPF 
9, 10, 11 


txoL 
9, 10, 11 


tXOH 
9,10, 11 


• 


CY7C470 
CY7C472 
CY7C474 
~,..~ 
.~16 CYPRESS 
JF 
SEMICONDUCTOR 
8K x 9 FIFO, 
16K x 9 FIFO, 


32K x 9 FIFO with Programmable 
Flags 


Features 


• 
8K x 9, 16K x 9, and 32K x 9 FIFO 
buffer memory 
• 
Asynchronous 
read/write 
• 
High-speed 33.3 MHz read/write 
independent 
of depth/width 
• 
Low operating 
power 
- 
Iec (max.) = 160 mA 
(commercial) 


- 
Ice (max.) = 180 mA (military) 


• 
Programmable 
Almost Full/Empty 


flag 
• 
Empty, Almost Empty, Half Full, 
Almost Full, and Full status flags 
• 
Programmable 
retransmit 
• 
Expandable 
in width 
• 
5V ± 10% supply 
• 
TTL compatible 
• 
Three-state 
outputs 


• 
Proprietary 
0.8-micron CMOS tech- 
nology 


The 
CY7C47X FIFO 
series consists of 
high-speed, 
low-power, 
first-in 
first-out 
(FIFO) 
memories 
with 
programmable 
flags and retransmit mark. The CY7C47D, 
CY7C472, and CY7C474 are 8K, 16K, and 
32K words by 9 bits wide, respectively. 
They are offered in 600-mil DIp, PLeC, 
and LeC packages. Each FIFO memory is 
organized such that the data is read in the 
same sequential order that it was written. 
Three status pins-Empty/Full 
(E/F), Pro- 


grammable 
Almost FulllEmpty 
(PAFE), 
and Half Full (HF)-are 
provided to the 


user. These pins are decoded to determine 
one of six states: Empty, Almost Empty, 
Less than Half Full, Greater 
than Half 
Full, Almost Full, and Full. 


The read and write operations 
may be 


asynchronous; each can occur at a rate of 
33.3 MHz. The 
write operation 
occurs 


PLCC/LCC 


Top View 


d'" acer;: 
~ 
>80"$ 
oIL) 


when 
the write (W) signal goes LOW 


Read occurs when read (R) goes LOW 
The nine data outputs go into a high-im- 
pedence state when R is HIGH. 


The user can store the value of the read 
pointer for retransmit by using the MARK 
pin. A LOW on the retransmit (RT) input 
causes the FIFO to resend data by reset- 
ting the read pointer to the value stored in 
the mark pointer. 


In the standalone 
and width expansion 


configurations, 
a LOW on the retransmit 
(RT) input causes the FIFO to resend the 
data. With the mark feature, retransmit 
can start from any word in the FIFO. 


The CY7C47X series is fabricated using a 
proprietary 
D.8-micron 
N-well 
CMOS 


technology. Input ESD protection is great- 
er than 2,OO1Vand latch-up is prevented 
by the use of reliable layout techniques, 
guard rings, and a substrate bias generator. 


DIP 
Top View 


W 
Vcc 


08 
D. 


0. 
03 
05 


0, 
O2 
06 


NC 
0, 
07 


AT 
Do 
RT 
MR 
MARK 
MR 
Eft' 
PAFE 
E'ii' 


Hi' 
00 
HF 
0, 
0, 
07 
0, 
O2 
06 


03 
05 


08 
O. 


GND 
R 
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• 
3 
2 '" 


3231 30 


0, 
5 
,. 
29 


6 
26 
0, 
7 
27 
0. 


MARK 
8 
7C470 
26 


PAFE 
9 
7C472 
25 
7C474 
0, 
'0 
2. 


0, 
" 


23 


A 
NC 
12 
22 


'3 
21 
Vi 
AT 
0, ,. 151617 
181920 


MARK 


cf' d" ~ \1 I'" 
oVal() 


'" 
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7C470-15 
7C470-25 
7C470-40 
7C472-15 
7C472-25 
7C472-40 
7C474-15 
7C474·25 
7C474-40 


Frequency (MHz) 
33.3 
28.5 
20 


Maximum Access Time (ns) 
15 
25 
40 


Maximum O!)rating 
I Commercial 
160 
145 
125 
Current (mA 
I Military!Industrial 
180 
165 
145 


Maximum 
Ratings 


Storage Temperature 
- 65°C to + 150°C 


Ambient Temperature 
with 


Power Applied 
-55°Cto 
+ 125°C 


Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


Power Dissipation. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
l.OW 


Output Current, into Outputs (LOW) 
20 mA 


Static Discharge Voltage............ 
> 2001V 


(per MIL-STD-883, Method 3015) 
Latch-Up Current. 
. . . . . . . . . . . . . . . . . . . . . . . . . . 
> 200 mA 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Industrial 
-40°C to +85°C 
5V ± 10% 


Military[11 
-55°C to + 125°C 
5V ± 10% • 


7C470-15 
7C470-25 
7C470-40 
7C472-15 
7C472-25 
7C472-40 
7C474-15 
7C474-25 
7C474-40 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., IOH = -2.0 mA 
2.4 
2..4 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min.,IoL = 8.0 mA 
0.4 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
Com'l 
2.0 
Vcc 
2.0 
Vcc 
2.0 
Vcc 
V 


MiVlnd 
2.2 
2.2 
Vcc 
2.2 


VIL 
Input LOW Voltage 
0.8 
0.8 
0.8 
V 


IIX 
Input Leakage Current 
GND..$.. VI..$..Vcc 
-10 
+ 10 
-10 
+10 
-10 
+10 
~A 


Ioz 
Output Leakage Current 
R L VIH,GND..$.. Vo..$.. Vee 
-10 
+10 
-10 
+10 
-10 
+10 
~A 


Ice 
Operating 
Current 
Vee - Max., 
Com'1131 
160 
145 
125 
mA 


lOUT= 0 mA 
Mil[41/Ind 
180 
165 
145 


ISB1 
Standby Current 
All Inputs = VIHMin. 
Com'l 
25 
25 
25 
mA 


MiVlnd 
30 
30 
30 
ISB2 
Power-Down Current 
All Inputs = Vcc-O.2V 
Com'l 
20 
20 
20 
mA 


MiVlnd 
25 
25 
25 


Ios[51 
Output Short 
Vce - Max., VOUT= GND 
-90 
-90 
-90 
mA 


Circuit Current 


Notes: 
1. 
TA is the "instant on" case temperature. 
2. 
See the last page of this specification 
for Group A subgroup 
testing 
information. 
3. 
!ce (commercial) 
= 125 mA + (1 - 20) • 2.5 mAIMHz 
for 
f2, 20 MHz 
where 1= the larger of the write or read operating 
frequency. 


4. 
!ce (military) = 145 mA + (1- 20) • 2.5 mAlMHz 
for 


f 2, 20 MHz 
where 1= the larger of the write or read operating 
frequency. 
5. 
Not more than one output should be tested at a time. Duration 
of the 


short circuit 
should not be more 
than one second. 
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Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input 
Capacitance 
TA = 25°C, 
f = 1 MHz, 
5 
pF 


COUT 
Output 
Capacitance 
Vcc = 4.5V 
7 
pF 


AC Test Loads and Waveforms 
Rl soon. 
Rt soon. 


5V 
5V 


30 


PFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 
5PFI 


INCLUDING 
JIG AND 
_ 
SCOPE 
- 


ALL INPUT PULSESJt: 


10% 


.s. 5 ns 


(a) 


THEvENIN EQUIVALENT 
= 


7C470-15 
7C470-25 
7C470-40 


7C472-15 
7C472-25 
7C472-40 


7C474-15 
7C474-25 
7C474-40 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


ley 
Cycle 
Time 
30 
35 
50 
ns 


tA 
Access 
Time 
15 
25 
40 
ns 


tRV 
Recovery 
Time 
15 
10 
10 
ns 


tpw 
Pulse 
Width 
15 
25 
40 
ns 


tLZR 
Read 
LOW 
to Low Z 
3 
3 
3 
ns 


tDvR19] 
Read 
HIGH 
to Data 
Valid 
3 
3 
3 
ns 


tHzR19] 
Read 
HIGH 
to High 
Z 
15 
18 
25 
ns 


tHwZ 
Write 
HIGH 
to Low Z 
5 
5 
5 
ns 


tSD 
Data 
Set-Up 
Time 
15 
18 
20 
ns 


tHD 
Data 
Hold 
Time 
0 
0 
0 
ns 


tEFD 
E/FDelay 
15 
18 
25 
ns 


tHFD 
HFDeiay 
30 
35 
50 
ns 


tAFED 
PAFE 
Delay 
30 
35 
50 
ns 


tRAE 
Effective 
Read 
from 
Write 
HIGH 
15 
10 
10 
ns 


tWAF 
Effective 
Write 
from 
Read 
HIGH 
15 
10 
10 
ns 


Notes: 
6. 
Tested initially and after any design or process changes that may affect 
these parameters. 


7. 
Test conditions 
assume signal transmission 
time of 5 os or less, timing 
reference 
levels of 1.5V and output 
loading of the specified IodloH 


and 30 pF load capacitance, 
as in part (a) of AC Test Load and Wave- 


forms, unless otherwise specified. 


8. 
See the last page of this specification 
for Group A subgroup 
testing 


information. 
9. 
tHzRand tovR use capactiance 
loading as in pan (b) of ACTest Loads. 


Switching Waveforms 


Asynchronous Read and Write 


w--E~ 1;::,.9-----../ 
t::tsoLo ~ 


00-08 
------_"- 
DATA VALI~ 
J1.....----- 
..•<...__ 
D_A_TA_V_A_L_ID __ > 


CY7C470 
CY7C472 
CY7C474 


Notes: 
10. Waveform labels in parentheses 
pertain to writing the programmable 
flag registerfrom 
the output port (00- 08). 


CY7C470 


~ 
CY7C472 
~- 
PRELIMINARY 
CY7C474 
.,~~,~ 


Switching Waveforms 
(continued) 


ElF Flag (Last Write to First Read Full Flag) 


FULL-1 
FULL 
FULL-1 
W 
t~1 


/ 


R 
\ 
t=~'i- 
ElF 


HF 
LOW 
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ElF Flag (Last Read to First Write Empty Flag) 


EMPIY 
+1 
EMPTY 
EMPTY 
+1 
R 


L'1 


/ 


w 
\ 
t='''i- 


ElF 


HF 
HIGH 


C47D-l1 


Half Full Flag 


W 
HALF·FULL 
HALF· FULL + 1 
HALF·FULL 


R 
'''1 


\ 
~'i- 
HF 


~,~ 


Switching Waveforms 
(continued) 


PAFE Flag (Almost Full) 


W 


t~'1 


/ 


R 
\ ~~'i- 
PAFE 


HF 
LOW 
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PAFE Flag (Almost Empty) 
• 


R 


t"1 


/ 


w 
\ ~"'''i- 


PAFE 


HF 
HIGH 


C47D-14 


DATA 
VALID) 
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Switching 
Waveforms 
(continued) 


Full Flag and Full Boundary 


The CY7C470, CY7C472, and CYC474 FIFOs consist of an array 
of 8,192, 16,384, and 32,768 words of 9 bits each, respectively. The 
control consists of a read pointer, a write pointer, a retransmit 
pointer, control signals (i.e., write, read, mark, retransmit, 
and 


master reset), and flags (Le., Empty/Full, Half Full, and Program- 
mable Almost Full/Empty). 


Resetting the FIFO 


Upon power up, the FIFO must be reset with a master reset (MR) 
cycle. This causes t~ .fIFO to enter the empty condition signified 
by the Empty flag (E/F) being LOW, and both the Pro~mmable 
Almost Full/Empty 
flag (pAFE) and Half Full flag (HF) being 


HIGH. The read pointer, write pointer ~nd retransmi!QOinter are 
reset to zero. For a valid reset, read (R) and write CW) must be 
HIGH t~twpw 
before the falling edge and tRMRafter the rising 


edge of MR. 


Writing Data to the FIFO 


Data can~ 
written to the FIFO when it is not FULLI"l. A falling 


edge of W initiates a write cycle. Data appeari~ 
at the inputs 


(Do-D.) tSDbefore and tHDafter the rising edge ofW will be stored 
sequentially in the FIFO. 


Reading Data from the FIFO 


Data ca!!.be read from the FIFO when it is not empty[l2J• A falling 
edge ofR initiates a read cycle. Data outputs (00-0.) are in a high- 
impedance ~ndition 
when the FIFO is em.Qtyand between read 


operations (R HIGH). The falling edge of R during the last read 
cyck .!!efore the empty condition triggers a high-to-Iow transition 
of E/F, prohibiting 
any further read operations 
until tRFFafter a 


valid write. 


The retransmit feature is beneficial when transferring 
packets of 


data. It enables the receipt of data to be acknowledged by the re- 
ceiver and resent if necessary. Retransmission 
can start from any- 
where in the FIFO and be repeated without limitation. 


The retransmit methodology is as follows: mark the current value 
of the read pointer, after an error in subsequent 
read operations 


return to that location and resume reading. This effectively re- 
sends all of the data from the mark point. When MARK is LOW, 
the current 
value of the read pointer 
is stored. This operation 


marks the beginning of the packet to be resent. When RT is LOW, 
the read pointer is updated with the mark location. During each 
subsequent read cycle, data is read and the read pointer increm- 
ented. 


Care must be taken when using the retransmit 
feature. Use the 


mark function such that the write pointer does not pass the mark 
pointer, because further write operations 
will overwrite data. 


Programmable 
Almost Full/Empty 
Flag 


The CY7C470/214 offer a variable offset for the Almost Empty and 
the Almost Full condition. The offset is loaded into the program- 
mable flag register (pFR) during a master reset cycle. W!!ile MR 
is LOW, the PFR can be lQ!!.dedfrom 0.-00 by pulsing R LOW 
or from D.-Do by pulsing W LOW The offset options arc listed 
in Table 2. See Table 1 for a description of the six FIFO states. If 
the PFR is not loaded during master reset (R" and W HIGH) the 
default offset will be 256 words from Full and Empty. 


Notes: 
11. Whenthe FIFO islessthan.h;1lffull,the flagsmakea low-to-highIran- 


sition on the risin~dge 
of Wand 
make 
the high-to-Iow 
transition 
on 


the fallingedge of R. If the FIFO ismore thanfullffull,the flagsmake 
the low-to-hightransitionon!!!.erisingedgeofR and high-Io-Iowtran- 
silion on the fallingedge of W. 


12. Full and em~..!'lates can be decoded from Ihe Half-Full (IIF) and 
EmptyIFull(ElF) flags. 


CY7C470 
CY7C472 
CY7C474 


CY7C470 
CY7C472 
CY7C474 
(8K x 9) 
(l6K x 9) 
(32K x 9) 


Number of Words in 
Number of Words in 
Number of Words in 
HF 
ElF 
PAFE 
State 
FIFO 
FIFO 
FIFO 


1 
0 
0 
Empty 
0 
0 
0 


1 
1 
0 
Almost Empty 
I-+P 
I-+P 
I-+P 


1 
1 
1 
Less than Half Full 
P + 1-+4096 
P + 1-+8192 
P + 1-+16384 


0 
1 
1 
Greater than Half Full 
4097-+8190 - P 
8193-+16382 - P 
16385-+32766 - P 


0 
1 
0 
Almost Full 
8191 - P-+8191 
16383 - P-+ 16383 
32767 - P-+32767 


0 
0 
0 
Full 
8192 
16384 
32768 


D3 
D2 
Dl 
DO 
PAFE Active when: 
P 


0 
0 
0 
0 
256 or less locations from Empty/Full (default) 
. 
256 


0 
0 
0 
1 
16 or less locations from Empty/Full 
16 


0 
0 
1 
0 
32 or less locations from Empty/Full 
32 


0 
0 
1 
1 
64 or less locations from Empty/Full 
64 


0 
1 
0 
0 
128 or less locations from Empty/Full 
128 


0 
1 
0 
1 
256 or less locations from Empty/Full (default) 
256 


0 
1 
1 
0 
512 or less locations from Empty/Full 
512 


0 
1 
1 
1 
1024 or less locations from Empty/Full 
1024 


1 
0 
0 
0 
2048 or less locations from Empty/Full 
2048 


1 
0 
0 
1 
4098 or less locations from Empty/Full(l51 
4098 


1 
0 
1 
0 
8192 or less locations from Empty/Full(l61 
8192 


Notes: 
13. See Table 2 for P values. 
14. Almost flags default 
to 256 locations from EmptylFull. 


15. Only for CY7C472 
and CY7C474. 


16. Only for CY7C474. 


CY7C470 
CY7C472 
CY7C474 


Speed 
Package 
Operating 
(ns) 
Ordering 
Code 
lYpe 
Range 


15 
CY7C470-15PC 
P15 
Commercial 


CY7C470-151C 
165 


CY7C470-150C 
016 


CY7C470-15LC 
L55 


CY7C470-15PI 
P15 
Industrial 


CY7C470-15JI 
165 


CY7C470-15DI 
016 


CY7C470-150MB 
016 
Military 


CY7C470-15LMB 
L55 


25 
CY7C470-25PC 
P15 
Commercial 


CY7C470-251C 
165 


CY7C470-250C 
016 


CY7C470-25LC 
L55 


CY7C470-25PI 
P15 
Industrial 


CY7C470-25JI 
165 


CY7C470-25DI 
016 


CY7C470-250MB 
016 
Military 


CY7C470-25LMB 
L55 


40 
CY7C470-4OPC 
P15 
Commercial 


CY7C470-401C 
165 


CY7C470-400C 
016 


CY7C470-40LC 
L55 


CY7C470-40PI 
P15 
Industrial 


CY7C470-4OJI 
165 


CY7C470-40DI 
016 


CY7C470-400MB 
016 
Military 


CY7C470-4OLMB 
L55 


Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
Type 
Range 


15 
CY7C472-15PC 
P15 
Commercial 


CY7C472-151C 
165 


CY7C472-150C 
016 


CY7C472-15LC 
L55 


CY7C472-15PI 
P15 
Industrial 


CY7C472-15JI 
165 


CY7C472-15DI 
016 


CY7C472-150MB 
016 
Military 


CY7C472-15LMB 
L55 


25 
CY7C472-25PC 
P15 
Commercial 


CY7C472-251C 
165 


CY7C472-250C 
016 


CY7C472-25LC 
L55 


CY7C472-25PI 
P15 
Industrial 


CY7C472-25JI 
165 


CY7C472-25DI 
016 


CY7C472-250MB 
016 
Military 


CY7C472-25LMB 
L55 


40 
CY7C472-4OPC 
P15 
Commercial 


CY7C472-401C 
165 


CY7C472-400C 
016 


CY7C472-4OLC 
L55 


CY7C472-4OPI 
P15 
Industrial 


CY7C472-4OJI 
165 


CY7C472-4ODI 
016 


CY7C472-400MB 
016 
Military 


CY7C472-4OLMB 
L55 
• 


Speed 
Package 
Operating 
(os) 
Ordering 
Code 
'IYpe 
Raoge 


15 
CY7C474-15PC 
P15 
Commercial 


CY7C474-15JC 
J65 


CY7C474-15DC 
D16 


CY-;C474-15LC 
155 


CY7C474-15PI 
P15 
Industrial 


CY7C474-15JI 
J65 


CY7C474-15DI 
D16 


CY7C474-15DMB 
016 
Military 


CY7C474-15LMB 
155 


25 
CY7C474-25PC 
P15 
Commercial 


CY7C474-25JC 
J65 


CY7C474-25DC 
D16 


CY7C474-25LC 
155 


CY7C474-25PI 
P15 
Industrial 


CY7C474-25JI 
J65 


CY7C474-25DI 
D16 


CY7C474-25DMB 
D16 
Military 


CY7C474-25LMB 
155 


40 
CY7C474-40PC 
P15 
Commercial 


CY7C474-40JC 
J65 


CY7C474-40DC 
D16 


CY7C474-4OLC 
155 


CY7C474-40PI 
P15 
Industrial 


CY7C474-4OJI 
J65 


CY7C474-40DI 
016 


CY7C474-40DMB 
D16 
Military 


CY7C474-4OLMB 
155 


CY7C470 
CY7C472 
CY7C474 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL. 
1.2,3 


VIH 
1.2,3 


V1L.Max. 
1.2.3 


I", 
1.2.3 


Ios 
1,2,3 


Ice 
1.2.3 


Parameters 
Subgroups 


lev 
9.10,11 


tA 
9.10, 11 


tRV 
9,10, 11 


tpw 
9.10, 11 


tL.ZR 
9, 10,11 


tDVR 
9, 10.11 


tHZR 
9.10.11 


tHWZ 
9.10. 11 


tSD 
9.10, 11 


tHD 
9,10,11 


tEFD 
9,10, 11 


tHFD 
9.10, 11 


tAFED 
9.10,11 


tRAE 
9,10, 11 


tWAF 
9.10, 11 


• 
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F 
SEMICONDUCTOR 


CYM4210 
CYM4220 


Cascadeable 
8K x 9 FIFO 
Cascadeable 
16K x 9 FIFO 


Features 


• 
8K x 9 FIFO buffer memory (4210) 
or 16K x 9 FIFO buffer memory 
(4220) 


• 
Asynchronous 
read/write 
• 
High-speed 25-MHz read/write 
• 
Pin-compatible 
with 7C42X series of 
monolithic 
FIFOs 
• 
Low operating 
power 
- 
Ice (max.) = 540 mA (commercial) 


• 
600-mil DIP package 
• 
Empty, full flags 
• 
Small PCB footprint 
- 
0.88 sq. in. 


• 
Expandable 
in depth and width 


Functional Description 


The CYM4210 is a first-in first-out (FIFO) 
memory module that is 8,192 words by 9 
bits wide. TheCYM4220is 
16,384words by 
The 
read and write operations 
may be 


9 bits wide. Each is offered in a 600-mil- 
asynchronous; each can occur at a rate of 


wide DIP package. Each FlFO memory is 
25 MHz. T~ 
write operation occurs when 
organized such that the data is read in the 
the wnte (Vfl slgna~1 
OW Read occurs 


same sequential order that It was wrItten. 
when read (R) goes. 
he 9 data out- 
Full and empty nags are provided to pre- 
£..utsgo to the hIgh I 
nce state when 
vent overrun and underrun. 
Three add i- 
R ISHIG~. 
<7. 
tional pins are also provided to facilitate 
I.!!..!..hed 
ion configuration 
the 


unlimited 
expansion 
in width, depth, or 
(XO~' 
. 
the expansion out infor- 
both. 
The 
depth 
expansIon 
techmque 
mati 
used to tell the next FlFO 


steers the control signals from one device- 
that it 
activated. 


to another in parallel, thus eliminating the~6fjj;> 


@) 


serial addition 
of propagation 
delays so 


that throughput 
is not reduced. 
Data is 


steered in a similar manner. 


W 
A 


7C429 
OR 
7C433 
IT 
IT 
AS 
r 
W 
08 
03 
O2 
0, 
00 
Xi 
IT 
00 
0, 
O2 
03 
08 
GNO 
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SEMICONDUCTOR 


Features 


• 
65,536 x 9 FIFO buffer memory 
• 
Advanced SRAM-based FIFO archi- 
tecture 
• 
Asynchronous 
read/write 
• 
High-speed 7.5-MHz read/write 
inde- 
pendent of width 
• 
Low operating 
power 
- 
Ice (max.) = 250 mA 


• 
Empty and full flags 


• 
zg-pin, 600-mil DIP package 
• 
Pinout-compatible 
with industry- 


standard 
FIFO pinout (7C428, 
7C432) 


Functional Description 
The CYM4241 combines high-speed static 
RAMs with proprietary 
FIFO controller 
The 
CYM4241 
RAMFIFO@ 
is 
a 
circuitry, and incorporates 
an on-board 
65.536-word 
by 
9-bit 
first-in 
first-out 
high-speed crystal oscillator. The control- 


(FIFO) memory implemented using an ad- 
ler arbitrates ~yncl!!9nous 
requests ap- 


vanced 
SRAM 
controller 
architecture. 
pearing at the Rand W inputs of the FIFO 


The device is packaged in a 28-pin, 600-mil 
with an internal 
synchronous 
state ma- 


DIP. The pin format is compatible with in- 
chine. It configures the SRAM array as a 


dustry-standard 
formats. FIFO memories 
virtual dual-port 
memory, and maintains 


are organized such that the data is read in 
read and write addr~unters. 
Flag logic 


the same sequential order that it was writ- 
and reset circuitry· 
rated In the 


ten. Full and empty flags are provided to 
controller. 


prevent overrun and underrun. 
The CYM42 
1 
out-compatible 
with 


The read and write operations may be to- 
the CY 
YM4220 FIFO mod- 


tally asynchronous; each can occur at a rate 
ules. 
'1241 pin arrangement 
is 


of 7.5 MHz. Th~write 
operation 
occurs 
com 
th Cypress's CY7C428 and 


when the write (WJ signal is LOW. Read 
C~C4 
onolithic FIFOs. 


occurs when read (R) goes LOW. The nine 
data outpu~ 
go to the high-impedanceS"<.V(D 
state when R is HIGH. 
~ 


W 
08 
03 
O2 
0, 
Do 
NC 
FF 
00 
0, 
O2 
03 
08 


GNO 


• 


PRODUCT 
• 
INFORMATION 


STATIC RAMS 
=- 


PROMS 
- 


EPLDS 
=- 


FIFOS 
=-- 


RISC 
• 


MODULES 
- 


ECL 
.- 


BUS INTERFACE PRODUCTS 
-. 


MILITARY 
- 


DESIGN AND 
• 
PROGRAMMING TOOLS 


QUALITY AND 
• 
RELIABILITY 


PACKAGES 
=D 


Device Number 
CY2901C 
CY2909A 
CY2911A 
CY2910A 
CY7C51O 
CY7C516 
CY7C517 
CY7C901 
CY7C909 
CY7C911 
CY7C91O 
CY7C9101 
CY7C9115 
CY7C9116 
CY7C9117 


Description 
CMOS 4-Bit Slice 
6-1 


CMOS Microprogram Sequencers 
6-9 


CMOS Microprogram 
Sequencers 
6-9 


CMOS Microprogram 
Controller 
........................•.......................... 
6-14 


16 x 16 Multiplier Accumulator 
6-19 


16 x 16 Multipliers 
6-31 


16 x 16 Multipliers 
6-31 
CMOS 4-Bit Slice .....................•........................................... 
6-43 


CMOS Microprogram 
Sequencers 
...............................•.................. 
6-58 


CMOS Microprogram 
Sequencers 
6-58 


CMOS Microprogram 
Controller 
6-69 


CMOS'l6-Bit 
Slice 
6-80 


CMOS 16-Bit Microprogrammed 
ALU 
6-97 


CMOS 16-Bit Microprogrammed 
ALU 
6-97 


CMOS 16-Bit Microprogrammed 
ALU 
6-97 
• 


-- 
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Features 


• 
Pin compatible 
and functional 


equivalent 
to AMD 
AM2901C 


• 
Low power 


• 
VCC margin 
- 
SV ±lO% 


- 
All parameters 
guaranteed 


over commercial 
and military 
operating 
temperature 
range 


• 
Eight function 
ALU 
Performs 
eight operations 
on 


two 4-bit operands 


• 
Expandable 
Infinitely 
expandable 
in 4-bit 
increments 


• 
Four status 
flags 
Carry, 
overflow, 
negative, 
zero 


• 
ESD protection 


Capable 
of withstanding 
greater 
than 2000V static 


discharge 
voltage 


Functional 
Description 


The CY2901 is a high-speed, 
expand- 


able, 4-bit wide ALU that can be used 
to implement 
the arithmetic 
section of 
a CPU, peripheral 
controller, 
or pro- 
grammable 
controller. 
The instruction 
set of the CY2901 is basic but yet so 
versatile that it can emulate the ALU 
of almost any digital computer. 


The CY2901, as illustrated 
in the block 
diagram, consists of a l6-word 
by 4-bit 


dual-port 
RAM register file, a 4-bit 
ALU and the required data manipula- 
tion and control logic. 


The operation 
performed 
is determined 
by nine input control lines (10 to 18) 
that are usually inputs from an instruc- 
tion register. 


The CY2901 is expandable 
in 4-bit in- 


crements, 
has three-state 
data outputs 


as well as flag outputs, 
and can use ei- 


ther a full-look ahead carry or a ripple 
carry. 


The CY2901 is a pin compatible, 
func- 


tional equivalent, 
improved 
perform- 


ance replacement 
for the AM2901. 


The CY2901 is fabricated 
using an ad- 
vanced 1.2 micron CMOS process that 
eliminates latch up, results in ESD pro- 
tection over 2000V and achieves supe- 
rior performance 
at a low power dissi- 


pation. 
• 
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Read Modify-Write Cycle (Min.) in ns 
Operating lee (Max.) in mA 
Operating Range 
Part Number 


31 
140 
Commercial 
CY2901C 
32 
180 
Military 
CY290lC 


5J7emFcamoc-rOR 
===============================================C=Y==2=90=1=C 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, 
not tested.) 


Storage Temperature 
- 65"C to + l50'C 
Static Discharge 
Voltage 
> 2001 V 
Ambient Temperature 
with 
(Per MIL-STD-883 
Method 
3015) 
Power Applied 
- 55'C to + 125'C 
Latchup 
Current 
(Outputs) 
> 200 mA 


Supply Voltage to Ground 
Potential 
Operating Range 


(Pin 10 to Pin 30) 
-0.5Vto 
+7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 


DC Input Voltage 
- 3.OV to + 7.0V 


Output 
Current 
into Outputs 
(Low) 
30 mA 


Pin Definitions 
Signal 
Name 
110 


Ao-A3 
I 


Description 


These 4 address lines select one of the registers in 
the stack and output its contents on the (internal) 
A port. 
These 4 address lines select one of the registers in 
the stack and output is contents on the (internal) 
B port. This can also be the destination address 
when data is written back into the register file. 
These 9 instruction lines select the ALU data 
sources (la, I, 2), the operation to be performed 
(13,4, 5) and what data is to be written into either 
the Q register or the register file (16,7,8)· 
These are 4 data input lines that may be selected 
by the 10,1,2 lines as inputs to the ALU. 
o 
These are three-state data output lines that, when 
enabled, output either the output of the ALU or 
the data in the A latches, as determined by the 
code on the 16,7,8 lines. 
Output Enable. This is an active LOW input that 
controls the Yo- Y3 outputs. When this signal is 
LOW the Y outputs are enabled and when it is 
HIGH they are in the high impedance state. 
Clock Input. The LOW level of the clock writes 
data to the 16 x 4 RAM. The HIGH level of the 
clock writes data from the RAM to the A-port 
and B-port latches. The operation of the Q 
register is similar. Data is entered into the master 
latch on the LOW level of the clock and 
transferred from master to slave when the clock is 
HIGH. 
These two lines are bidirectional and are 
controlled by the 16,7,8 inputs. Electrically they 
are three-state output drivers connected to the 
TTL compatible CMOS inputs. 


Range 
Ambient 
Vcc 
Temperature 


Commercial 
a'Cto 
+70'C 
5V ± 10% 


MilitarylI] 
- 55'C to + 125'C 
5V ± 10% 


Note: 
1. T A is the "instant on" case temperature. 


Signal 
Name 110 
Description 


Q3 
I/O Outputs: When the destination code on lines 


RAM3 
16,7,8 indicates a shift left (UP) operation the 


(Cont.) 
three-state outputs are enabled and the MSB of 
the Q register is output on the Q3 pin and the 
MSB of the ALU output (F3) is output on the 
RAM 3 pin. 
Inputs: When the destination code indicates a 
shift right (DOWN) the pins are the data inputs 
to the MSB of the Q register and the MSB of the 
RAM. 
Qo 
110 These two lines are bidirectional and function in a 


RAMo 
manner similar to the Q3 and RAM3 lines, except 
that they are the LSB of the Q register and RAM. 


I 
The carry-in to the internal ALU. 


o 
The carry-out from the internal ALU. 


o 
The carry generate and the carry propagate 
outputs of the ALU, which may be used to 
perform a carry look-ahead operation over the 4 
bits of the ALU. 
OVR 
0 
Overflow. This signal is logically the exclusive- 
OR of the carry-in and the carry-out of the MSB 
of the ALU. This pin indicates that the result of 
the ALU operation has exceeded the capacity of 
the machine. It is valid only for the sign bit and 
assumes two's complement coding for negative 
numbers. 


F = a 
0 
Open collector output that goes HIGH if the data 
on the ALU outputs (Fo, 1,2,3) are all LOW. It 
indicates that the result of an ALU operation is 
zero (positive logic). 
o 
The most significant bit of the ALU output. 


Cn 
Cn +4 
G,I> 


~ 
CY2901C 


~~~ucrc)R 
==================================== 
Electrical Characteristics Over Commercial 
and Military Operating 
Range[3] 


VCC Min. = 4.SV, Vcc Max. = S.5V 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min. 
204 
V 
IOH = 
-304mA 


Vee = Min. 


VOL 
Output LOW Voltage 
IOL = 20 mA Commercial 
004 
V 
IOL = 16 mA Military 


VIH 
Input HIGH Voltage 
2.0 
Vee 
V 


VIL 
Input LOW Voltage 
-3.0 
0.8 
V 


IlH 
Input HIGH Current 
Vee = Max. 
10 
).LA 
VIN = Vee 


IlL 
Input LOW Current 
Vee = Max. 
-10 
).LA 
VIN = GND 


IOH 
Output HIGH Current 
Vee = Min. 
-304 
mA 
VOH = 204V 


IOL 
Output LOW Current 
Vee = Min. 
I 
Commercial 
20 
mA 


VOL = 0.4V 
I 
Military 
16 
mA 


loz 
Output Leakage Current 
Vee = Max. 
+40 
).LA 


VOUT = GNDto 
Vee 
-40 
).LA 


Ise 
Output Short Circuit Currentlll 
Vee = Max. 
-30 
-85 
mA 
VOUT = OV 


Ice 
Supply Current 
Vee = Max. 
I 
Commercial 
140 
mA 
I 
Military 
180 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25°C, f= I MHz 
5 
pF 
COUT 
Output Capacitance 
Vee = 5.0V 
7 


Notes: 


1. Not 
more than one output 
should 
be tested 
at a time. 
Duration 
of the 


short 
circuit 
should 
not be more than one second. 


2. Tested 
initially 
and after any design 
or process 
changes 
that may 


affect 
these 
parameters. 


+5 V 


~ 270" 


VO~ 
r 


CL 


Notes: 


I. CL = 50 pF includes 
scope 
probe, 
wiring 
and stray capacitance. 
2. CL = 5 pF for output 
disable 
tests. 


3. Loads 
shown 
above 
are for commercial 
(20 mA) 
IOL specifications 


only. 


Commercial 
Military 


Rl 
20311 
25211 


R2 
14811 
17411 


• 
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==========================================C=Y=2=9=O=1=C 
CY2901C Guaranteed 
Commercial 


Range AC Performance 
Characteristics 


The tables below specify the guaranteed 
AC performance 
of these devices over the Commercial 
(O'C to 70'C) operat- 


ing temperature 
range with VCC varying from 4.5V to 
5.5V. All times are in nanoseconds 
and are measured 
be- 
tween the J.5V signal levels. The inputs switch between OV 
and 3V with signal transition 
rates of IV per nanosecond. 
All outputs 
have maximum 
DC current 
loads. See previous 
page for loading circuit information. 


This data applies to parts with the following numbers: 
CY290lCPC 
CY290lCDC 
CY290lCLC 


Combinational 
Propagation 
Delays. CL = 50 pF 


CY2901- 
C 
Read-Modify-Write Cycle (from 
31 ns 


selection of A, B registers to 
end of cycle). 
Maximum Clock Frequency to shift Q 
32 MHz 


(50% duty cycle, I = 432 or 632) 
Minimum Clock LOW Time 
15 ns 


Minimum Clock HIGH Time 
15 ns 


Minimum Clock Period 
31 ns 


To Output 
y 
F3 
Cn + 4 
C,P 
F=O 
OVR 
RAMo 
Qo 
From Input 
RAM3 
Q3 


A, B Address 
40 
40 
40 
37 
40 
40 
40 
- 
D 
30 
30 
30 
30 
38 
30 
30 
- 
Cn 
22 
22 
20 
- 
25 
22 
25 
- 
1012 
35 
35 
35 
37 
37 
35 
35 
- 
1345 
35 
35 
35 
35 
38 
35 
35 
- 
1678 
25 
- 
- 
- 
- 
- 
26 
26 
A Bypass ALU 
35 
- 
- 
- 
- 
- 
- 
- 
(I = 2XX) 
Clock .../"" 
35 
35 
35 
35 
35 
35 
35 
28 


CP: 
------- 
- 


Input 
Set-upTime 
Hold Time 
Set-upTime 
Hold Time 
Before H --+ L After H --+ L Before L --+ H After L --+ H 


A, B Source Address 
15 
1 
30,15 + tpwL 
I 
(Note 3) 
(Note 4) 
B Destination Address 
15 
+- 
Do Not Change 
--+ 
I 
D 
- 
- 
25 
0 
Cn 
- 
- 
20 
0 
1012 
- 
- 
30 
0 
1345 
- 
- 
30 
0 
1678 
10 
+- 
Do Not Change 
--+ 
0 
RAMo, 3,QO.3 
- 
- 
I 
12 
0 


Output Enable/Disable 
Times 
Output 
disable tests performed 
with CL = 5 pF and measured 
to 0.5V change of output 
voltage level. 


3. Source addresses must be stable prior to the clock H ~ 
L transition 
to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed ifit is 
not a destination; Le. if data is not being written hack into the RAM. 
Normally A and B are not changed during the clock LOW time. 


4. The set-up time prior to the clock L 
---+- 
H transition is to allow time 


for data to be accessed, passed through the ALU. and returned to the 
RAM, It includes all the time from stable A and B addresses to the 
clock L ---.. H transition, regardless of when the clock H ---.. L 
transition occurs. 


Notes: 
I. A dash indicates a propagation delay path or set-up time constraint 


does not exist. 


2. Certain signals must be stable during the entire clock LOW time to 
avoid erroneous operation. This is indicated by the phrase "do not 
change", 


5nEM~[OCIry=========================C=Y=2=9=O=lC;;;; 


CY2901C Guaranteed 
Military 
Range AC Performance 
Characteristics 


The tables below specify the guaranteed 
AC performance 


of these devices over the Military 
(-55°C 
to + 125°C) op- 


erating temperature 
range with VCC varying from 4.5V to 


5.5V. All times are in nanoseconds 
and are measured 
be- 


tween the 1.5V signal levels. The inputs switch between OV 
and 3V with signal transition 
rates of IV per nanosecond. 
All outputs 
have maximum 
DC current 
loads. See "Electri- 


cal Characteristics" 
of this data sheet for loading circuit 


information. 


This data applies to parts with the following numbers: 


CY290lCDMB 


Combinational 
Propagation 
Delays CL = 50 pp[5] 


CY2901- 
C 


Read-Modify-Write Cycle (from 
32 ns 


selection of A, B registers to 
end of cycle). 


Maximum Clock Frequency to shift Q 
31 MHz 


(50% duty cycle, I = 432 or 632) 
Minimum Clock LOW Time 
IS ns 


Minimum Clock HIGH Time 
IS ns 


Minimum Clock Period 
32 ns 


To Output 
Y 
F3 
Cn + 4 
G,1i 
F=O 
OVR 
RAMo 
Qo 
From Input 
RAM3 
Q3 


A, B Address 
48 
48 
48 
44 
48 
48 
48 
- 


0 
37 
37 
37 
34 
40 
37 
37 
- 
Cn 
25 
25 
21 
- 
28 
25 
28 
- 


1012 
40 
40 
40 
44 
44 
40 
40 
- 
1345 
40 
40 
40 
40 
40 
40 
40 
- 
1678 
29 
- 
- 
- 
- 
- 
29 
29 
A BypassALU 
40 
- 
- 
- 
- 
- 
- 
- 
(I = 2XX) 
Clock -.f 
40 
40 
40 
40 
40 
40 
40 
33 


CP: 
------, 


Input 
Set-up Time 
Hold Time 
Set-up Time 
Hold Time 


Before H --+ L After H --+ L Before L --+ H After L --+ H 


A, B Source Address 
IS 
2 
30,15 + tpwL 
2 
(Note 3) 
(Note 4) 
B Destination Address 
15 
+- 
Do Not Change 
--+ 
2 
0 
- 
- 
25 
0 


Cn 
- 
- 
20 
0 
1012 
- 
- 
30 
0 
1345 
- 
- 
30 
0 
1678 
10 
+- 
Do Not Change 
--+ 
0 
RAMo, 3,QO,3 
- 
- 
12 
0 


Output Enable/Disable 
Times[5] 


Output 
disable tests performed 
with CL = 5 pP and measured 
to 0.5V change of output voltage level. 


3. Source addresses must be stable prior to the clock H ---.. L transition 


to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if it is 
not a destination; i.e. if data is not being written back into the RAM. 
Normally A and B are not changed during the clock LOW time. 


4. The set·up time prior to the clock L ---+- 
H transition is to allow time 


for data to be accessed, passed through the ALU, and returned to the 
RAM. It includes all the time from stable A and B addresses to the 
clock L -+ 
H transition, regardless of when the clock H -+ 
L 
transition occurs. 
5. See the last page of this specification for Group A subgroup testing 


information. 


Notes: 
I. A dash indicates a propagation delay path or set-up time constraint 


does not exist. 


2. Certain signals must be stable during the entire clock LOW time to 


avoid erroneous operation. This is indicated by the phrase "do not 
change". 


• 
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Read 
Modify- 
Ordering Code 
Package 
Operating 
Write 
Type 
Range 
Cycle (n5) 


31 
CY290lCPC 
PI7 
Commercial 


31 
CY290lCDC 
018 
Commercial 


32 
CY290lCDMB 
018 
Military 


5nEM~~ 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VILMax. 
1,2,3 


IIH 
1,2,3 


IlL 
1,2,3 


IOH 
1,2,3 


IOL 
1,2,3 


IOZ 
1,2,3 


Ise 
1,2,3 


Ice 
1,2,3 


.. 


Parameters 
Subgroups 


Minimum Clock LOW Time 
7,8,9,10,11 


Minimum Clock HIGH Time 
7,8,9,10,11 


Parameters 
Subgroups 


From A, B Address to Y 
7,8,9,10,11 


From A, B Address to F3 
7,8,9,10,11 


From A, B Address to Cn + 4 
7,8,9,10,11 


From A, B Address to G, P 
7,8,9,10,11 


From A, B Address to F = 0 
7,8,9,10,11 


From A, B Address to OVR 
7,8,9,10,11 


From A, B Address to RAMo, 3 
7,8,9,10,11 


From DtoY 
7,8,9,10,11 


From Dto F3 
7,8,9,10,11 


From D to Cn + 4 
7,8,9,10,11 


From D to G, P 
7,8,9,10,11 


From D toF = 0 
7,8,9,10,11 


From DtoOVR 
7,8,9,10,11 


From D to RAMO, 3 
7,8,9,10,11 


Parameters 
Subgroups 


From Cn to Y 
7,8,9,10,11 


From Cn to F3 
7,8,9,10,11 


From Cn to Cn + 4 
7,8,9,10,11 


From Cn to F = 0 
7,8,9,10,11 


From Co to OVR 
7,8,9,10,11 


From Cn to RAMO,3 
7,8,9,10,11 


From 1012to Y 
7,8,9,10,11 


From 1012to F3 
7,8,9,10,11 


From 1012to Cn + 4 
7,8,9,10,11 


From 1012to G, P 
7,8,9,10,11 


From 1012to F = 0 
7,8,9,10,11 


From 1012to OVR 
7,8,9,10,11 


From 1012to RAMO, 3 
7,8,9,10,11 


From 1345to Y 
7,8,9,10,11 


From 1345to F3 
7,8,9,10,11 


From 1345to Cn + 4 
7,8,9,10,11 


From 1345to G, P 
7,8,9,10,11 


From 1345to F = 0 
7,8,9,10,11 


From 1345to OVR 
7,8,9,10,11 


From 1345to RAMO, 3 
7,8,9,10,11 


From 1678to Y 
7,8,9,10,11 


From 1678to RAMO, 3 
7,8,9,10,11 


From 1678to Qo, 3 
7,8,9,10,11 


From A Bypass ALU to Y 
7,8,9,10,11 
(I = 2XX) 


From Clock ..f 
to Y 
7,8,9,10,11 


From Clock..f 
to F3 
7,8,9,10,11 


From Clock ..f 
to Cn + 4 
7,8,9,10,11 


From Clock ..f 
to G, P 
7,8,9,10,11 


From Clock ..f 
to F = 0 
7,8,9,10,11 


From Clock ..f 
to OVR 
7,8,9,10,11 


From Clock ..f 
to RAMO, 3 
7,8,9,10,11 


From Clock ..f 
to Qo. 3 
7,8,9,10,11 


Parameters 
Subgroups 


A, B Source Address 
7,8,9,10,11 


Set-up Time Before H -L 


A, B Source Address 
7,8,9,10,11 
Hold Time After H - 
L 


A, B Source Address 
7,8,9,10,11 


Set-up Time Before L - 
H 


A, B Source Address 
7,8,9,10,11 
Hold Time After L - 
H 


B Destination Address 
7,8,9,10,11 


Set-up Time Before H - 
L 


B Destination Address 
7,8,9,10,11 
Hold Time After H - 
L 


B Destination Address 
7,8,9,10,11 


Set-up Time Before L - 
H 


B Destination Address 
7,8,9,10,11 


Hold Time After L - 
H 


D Set-up Time Before L - 
H 
7,8,9,10,11 


Parameters 
Subgroups 


D Hold Time After L - 
H 
7,8,9,10,11 


Cn Set-up Time Before L - 
H 
7,8,9,10,11 


Cn Hold Time After L - 
H 
7,8,9,10,11 


1012Set-up Time Before L - 
H 
7,8,9,10,11 


1012Hold Time After L - 
H 
7,8,9,10,11 


1)45Set-up Time Before L - 
H 
7,8,9,10,11 


1)45Hold Time After L - 
H 
7,8,9,10,11 


1678Set-up Time Before H - 
L 
7,8,9,10,11 


1678Hold Time After H - 
L 
7,8,9,10,11 


1678Set-up Time Before L - 
H 
7,8,9,10,11 


1678Hold Time After L - 
H 
7,8,9,10,11 


RAMo, RAM), Qo, Q) 
7,8,9,10,11 
Set-up Time Before L - 
H 


RAMo, RAM), Qo, Q) 
7,8,9,10,11 
Hold Time After L - 
H 


.:._•..~ 


'fJE-'CYPRESS 
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SEMICONDUCTOR 


Features 


• 
Fast 
- 
CY2909A/llA 
has a 40 ns 
(min.) clock to output 
cycle 


time; commercial 
- 
CY2909/11 
has a 40 ns 
(min.) clock to output 
cycle 


time; military 


• 
Low power 
- 
Ice 
(max.) 
= 70 mA 


commercial 
- 
Ice 
(max.) 
90 mA 
military 


• 
Vee 
margin 
- 
SV ±10% 


- 
All parameters 
guaranteed 


over commercial 
and military 


operating 
temperature 
range 


• 
Expandable 
Infinitely 
expandable 
in 4·bit 


increments 


REGISTER 
[NABlE 
itt) 


OUTPUT 
[NABLE 
6£ 


CY2909A 
CY2911A 


"' 
,. 
28 
Vee 
CP 
PUP 
., 
27 
ep 
FE 
·2 
2. 
PUP 
., 
25 
IT 
en+. 


·0 
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• 
23 
Cn 
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OE 


D, 
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D, 
Y, 
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8 
21 
Y, 
Do 
Y2 
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• 
20 
Y2 
GND 
Y, 
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Y, 
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11 
Yo 
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u 
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• 
ESD protection 
Capable 
of withstanding 
greater 
than 2000V static 
discharge 
voltage 


• 
Pin compatible 
and 
functional 
equivalent 
to 
AMD AM2909A/ 
AM2911A 


Description 


The CY2909A and CY2911A are high- 
speed, four-bit wide address sequencers 
intended 
for controlling 
the sequence 


of execution of microinstructions 
con- 
tained in microprogram 
memory. They 
may be connected 
in parallel to expand 
the address width in 4 bit increments. 
Both devices are implemented 
in high 
performance 
CMOS for optimum 


speed and power. 


The CY2909A can select an address 
from any of four sources. They are: 


CMOS Micro Program 


Sequencers 


I) a set of four external direct inputs 
(Dj); 2) external data stored in an inter- 
nal register (Ri); 3) a four word deep 
push/pop 
stack; or 4) a program 
coun- 


ter register (which usually contains 
the 


last address plus one). The push/pop 
stack includes control lines so that it 
can efficiently execute nested subrou- 
tine linkages. Each of the four outputs 
(Yi) can be OR'ed with an external in- 
put for conditional 
skip or branch 
in- 


structions. 
A ZERO input line forces 


the outputs to all zeros. The outputs 
are three state, controlled 
by the 


Output 
Enable (OE) input. 


The CY2911A 
is an identical circuit to 


the CY2909A, 
except the four OR in- 
puts are removed and the D and R in- 
puts are tied together. 
The CY2911A 
is 
available in a 20-pin, 300-mil package. 
The CY2909 is available in a 28-pin, 
6OO-mil package. 


., 2 ~ 
28 27 26 


·0 
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FE 
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D, 


D, 
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• 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65'C 
to + 150'C 
Static Discharge 
Voltage 
. 


Ambient 
Temperature 
with 
(per MIL-STD-883 
Method 
3015) 
Power Applied 
- 55'C to + 125'C 
Latch-Up 
Current 
> 200 mA 


Supply Voltage to Ground 
Potential 
-0.5V 
to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
-0.5V 
to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


Output 
Current, 
into Outputs 
(Low) 
30 mA 


Range 
Ambient 
Vcc 
Temperature 


Commercial 
O'Cto 
+70'C 
5V ± 10% 


Military[3] 
- 55'C to + 125'C 
5V ± 10% 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., IOH = - 2.6 mA (Comm.) 
2.4 
V 


Vcc = Min., IOH = ~ 1.0 mA (Mil.) 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min., IOL = 16.0 mA 
0.4 
V 


VIH 
Input High Voltage 
2.0 
Vce 
V 


VIL 
Input Low Voltage 
.. 
-2.0 
0.8 
V 


IIX 
Input Load Current 
GND';; 
VI';; Vee 
-10 
+10 
fJ-A 


loz 
Output Leakage 
GND,;; 
Vo';; 
Vee 
-20 
+20 
fJ-A 
Current 
Output Disabled 


Ios 
Output Short 
Vee = Max. 
VOUT = GND 
-30 
-85 
mA 
Circuit Currendll 


Ice 
Vee Operating 
Vee = Max. 
I 
Commercial 
70 
mA 
Supply Current 
lOUT = OmA 
I 
Military 
90 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25'C. f = 1 MHz 
5 
pF 
COUT 
Output Capacitance 
Vee = 5.0V 
7 


Notes: 
1. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 
2. Tested initially and after any design or process changes that may 


affect these parameters. 


3. TA is the "instant on" case temperature. 
4. See the last page of this specification for Group A subgroup testing 
information. 


Rl 
5Vn 


OUTPUT 


50 pI 
R2 


INCLUDINGI _ 


JIG AND 
SCOPE 


R1 


5Vn 


OUTPUT 


5 pI 
R2 


INCLUDINGI _ 


JIG AND 


SCOPE 


ALL 
INPUT PULSES 


30V 
I 
I 
. Jf90% 
~ 


GND 
10% 
10% 


5ns-1 1- 
-I 
1-5ns 


Commercial 
Military 


RI 
25411 
2580 


Rz 
18711 
21611 


~ 
CY2909A 
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2909A 
2909A 
Units 
2911A 
2911A 


Commercial 
Military 


Minimum Clock Low Time 
20 
20 
. 
ns 


Minimum Clock High Time 
20 
20 
ns 


MAXIMUM 
COMBINATIONAL 
PROPAGATION 
DELAYS 


From Input To: 
Y 
CN + 4 
Y 
CN + 4 
ns 


Dj 
17 
22 
20 
25 
ns 


SO. Sj 
29 
34 
29 
34 
ns 


ORj CY2909A 
17 
22 
20 
25 
ns 


CN 
- 
14 
- 
16 
ns 


ZERO 
29 
34 
30 
35 
ns 


OE Low to Output 
25 
- 
25 
- 
ns 


OE High to High Z[5] 
25 
- 
25 
- 
ns 


Clock High. SO.S 1 = LH 
39 
44 
45 
50 
ns 


Clock High, SO. Sl = LL 
39 
44 
45 
50 
ns 


Clock High, So. S 1 = HL 
44 
49 
53 
58 
ns 


MINIMUM 
SET-UP AND HOLD TIMES (All Times Relative to Clock LOW to HIGH 
Transition) 


From Input 
Set-up 
Hold 
Set-up 
Hold 


RE 
19 
4 
19 
5 
ns 


Rj [6] 
10 
4 
12 
5 
ns 


Push/Pop 
25 
4 
27 
5 
ns 


FE 
25 
4 
27 
5 
ns 


CN 
18 
4 
18 
5 
ns 


Dj 
25 
0 
25 
0 
ns 


ORj (CY2909A) 
25 
0 
25 
0 
ns 


SO. Sl 
25 
0 
29 
0 
ns 


ZERO 
25 
0 
29 
0 
ns 


SET- UPTOCLOCK-----.'I 
HOL,1- 


T1t.4 
E>Ic 


&n 


CY2909A 
~. 
CY2911A 


~ 
~DUCTOR 
==================================== 
Ordering Information 


Ordering Code 
Package 
Operating 
Type 
Range 


CY2909APC 
PIS 
Commercial 
CY2909AOC 
016 
CY2909ALC 
L64 


CY2909AOMB 
016 
Military 
CY2909ALMB 
L64 


Ordering Code 
Package 
Operating 
Type 
Range 


CY2911APC 
PS 
Commercial 
CY2911AOC 
06 
CY2911ALC 
L61 


CY2911AOMB 
06 
Military 
CY2911ALMB 
L61 


~CWRfSS 
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CY2911A 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VILMax. 
1,2,3 


IIX 
1,2,3 


IOZ 
1,2,3 


Ios 
1,2,3 
. 


Ice 
1,2,3 


Parameters 
Subgroups 


Minimum Clock Low Time 
7,8,9,10,11 


Minimum Clock High Time 
7,8,9,10,11 


MAXIMUM COMBINATIONAL 
PROPAGATION DELAYS 


DjtoY 
7,8,9,10,11 


DjtoCN+4 
7,8,9,10,11 


So, SI to Y 
7,8,9,10,11 


SO,SltoCN+4 
7,8,9,10,11 


ORj (CY2909A) to Y 
7,8,9,10,11 


ORj (CY2909A) to CN+4 
7,8,9,10,11 


CN toCN+4 
7,8,9,10,11 


ZERO to CN+4 
7,8,9,10,11 


Clock High, So, SI = LH 
7,8,9,10,11 


to Y 


Clock High, SO,SI = LH 
7,8,9,10,11 


toCN+4 


Clock High, SO,SI = LL 
7,8,9,10,11 


toY 


Clock High, So, SI = LL 
7,8,9,10,11 


toCN+4 


Clock High, So, SI = HL 
7,8,9,10,11 


toY 


Clock High, So, SI = HL 
7,8,9,10,11 


toCN + 4 


Parameters 
Subgroups 


MINIMUM SET-UP 
AND HOLD TIMES 


RE Set-up Time 
7,8,9,10,11 


REHoid 
Time 
7,8,9,10,11 


PushlPop 
Set-up Time 
7,8,9,10,11 


PushlPop 
Hold Time 
7,8,9,10,11 


FE Set-up Time 
7,8,9,10,11 


FE Hold Time 
7,8,9,10,11 


CN Set-up Time 
7,8,9,10,11 


CNHold Time 
7,8,9,10,11 


Dj Set-up Time 
7,8,9,10,11 


DjHoldTime 
7,8,9,10,11 


ORj (CY2909A) 
7,8,9,10,11 
Set-up Time 


ORj (CY2909A) 
7,8,9,10,11 
Hold Time 


So, SI Set-up Time 
7,8,9,10,11 


So, SI Hold Time 
7,8,9,10,11 


ZERO Set-up Time 
7,8,9,10,11 


ZERO Hold Time 
7,8,9,10,11 


• 
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Features 


• 
Fast 
- 
CY2910AC 
has a 50 ns (min.) 
clock cycle; commercial 
- 
CY2910AM 
has a 51 ns 
(min.) clock cycle; military 


• 
Low power 
- 
ICC (max.) 
= 170 mA 


• 
VCC Margin 
5V ± 10% 


commercial 
and military 


• 
Sixteen 
powerful 


microinstructions 


• 
Three 
output 
enable controls 
for 
three-way 
branch 


• 
Twelve-bit 
address 
word 


• 
Four sources 
for addresses: 


microprogram 
counter 
(MPC), 


branch 
address 
bus, 9-word 


stack, 
internal 
holding register 


• 
Internal 
9-word by 12-bit stack 


The internal 
stack 
can be used 


for subroutine 
return 
address 
or 
data storage 


• 
12·bit Internal 
loop counter 


• 
ESD protection 
Capable 
of withstanding 
over 
2000 volts static 
discharge 


voltage 


• 
Pin compatible 
and functional 
equivalent 
to Am2910A 


Functional 
Description 


The CY29 lOA is a stand-alone 
micro- 
program 
controller 
that selects, stores, 


retrieves, manipulates 
and tests ad- 
dresses that control the sequence of ex- 
ecution of instructions 
stored in an ex- 
ternal memory. All addresses are 12-bit 
binary values that designate an abso- 
lute memory location. 


The CY29 lOA, as illustrated 
in the 
block diagram, 
consists of a 9-word by 


l2-bit LIFO (Last-In-First-Out) 
stack 


and SP (Stack Pointer), 
a 12-bit RC 


(Register/Counter), 
a l2-bit MPC (Mi- 


croprogram 
Counter) 
and incrementer, 
a l2-bit wide by 4-input multiplexer 


CMOS Microprogram 
Controller 


and the required data manipulation 
and control 
logic. 


The operation 
performed 
is determined 


by four input instruction 
lines (10- B) 


that In turn select the (internal) 
source 


of the next micro-instruction 
to be 


fetched. This address is output on the 
YO- Y II pins. Two additional 
inputs 


(CC and CCEN) are provided that are 
examined during certain instructions 
and enable the user to make the execu- 
tion of the instruction 
either uncondi- 


tional or dependent 
upon an external 


test. 


The CY29 lOA is a pin compatible, 
functional 
equivalent, 
improved 
per- 
formance replacement 
for the 


Am2910A. 


The CY29 lOA is fabricated 
using an 
advanced 
1.2 micron CMOS process 


that eliminates latchup, 
results in ESD 


protection 
of over 2000 volts and 
achieves superior performance 
and low 


power dissipation. 


4 
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40 
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2 
" 
3 
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37 
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10 
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Clock Cycle (Min.) 
in ns 
Stack Depth 
Operating 
Range 
Part Number 


50 
9 words 
Commercial 
CY2910AC 


51 
9 words 
Military 
CY2910AM 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65°C 
to + 150°C 
Static Discharge 
Voltage 
>200IV 
Ambient 
Temperature 
with 
(Per MIL-STD-883 
Method 
3015) 


Power Applied 
- 55°C to + 125°C 
Latchup 
Current 
(Outputs) 
> 200 mA 


Supply Voltage to Ground 
Potential 


(Pin 10 to Pin 30) 
-0.5V 
to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 
DC Input Voltage 
- 3.0V to + 7.0V 


Output 
Current 
into Outputs 
(Low) 
30 mA 


Range 
Ambient 
Vcc 
Temperature 
Commercial 
O"Cto +70"C 
SV ± 10% 


Military(3) 
- SsoC to + 12SoC 
SV ±1O% 


Electrical Characteristics Over Commercial 
and Military 
Operating 
Rangd4] 


VccMin. 
= 4.5V, VccMax. 
= 5.5V 


Parameter 
Description 
Test Condition 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min.,IOH = -1.6 
mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min., IOL = 8 mA 
0.5 
V 


Vm 
Input HIGH Voltage 
2.0 
VCC 
V 


VIL 
Input LOW Voltage 
-3.0 
0.8 
V 


1m 
Input HIGH Current 
Vce = Max., VIN = Vec 
10 
/-LA 


IlL 
Input LOW Current 
Vce = Max., VIN = GND 
-10 
/-LA 


IOH 
Output HIGH Current 
Vee = Min., Vm = 2.4V 
-1.6 
mA 


IOL 
Output LOW Current 
Vcc = Min., VOL = 0.5V 
8 
mA 


Ioz 
Output Leakage Current 
Vee = Max., 
+40 
/-LA 


VOUT = GNDlVee 
-40 
/-LA 


Isc 
Output Short Circuit Current 
Vec = Max., VOUT = OV 
-85 
mA 


Ice 
Supply Current 
Vee = Max. 
170 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C/N 
Input Capacitance 
TA ~ 2soC,f= 
I MHz 
8 
pF 


COUT 
Output Capacitance 
Vcc = S.OV 
10 
pF 


Notes: 


1. Not 
more than one output 
should 
be tested 
at a time. 
Duration 
of the 


short circuit 
should 
not exceed 
one second. 


2. Tested 
initially 
and after any design 
or process 
changes 
that may 


affect 
these 
parameters. 


3. TA is the "instant 
on" case temperature. 


4. Seetbe lastpageoftbis specificationforGroupA subgrouptesting 


information. 


Output Load for AC Performance 
Characteristics 


~ 


4750 


VOUT 


JC 
l 
3390 


Notes: 
0040-4 


CL = 50 pF includes 
scope 
probe, 
writing 
and stray capacitance. 


CL = SpF foroutput disabletests. 


Guaranteed 
AC Performance 
Characteristics 


The tables below specify the guaranteed 
AC performance 


of the CY2910A 
over the commercial 
(O°C to + 70°C) and 


the military ( - 55°C to + 125°C) temperature 
ranges with 


Vcc varying from 4.5V to 5.5V. All times are in nanosec- 
onds and are measured 
between the 1.5V signal levels. 


Clock Requirements 
[1, 41 


The inputs switch between OV and 3V with signal tran- 
sition rates of I Volt per nanosecond. 
All outputs 
have 


maximum 
DC current 
loads. 


Commercial 
Military 


Minimum Clock LOW 
20 
25 


Minimum Clock HIGH 
20 
25 


Minimum Clock Period I ~ 14 
50 
51 


Minimum Clock Period 
50 
50 
I = 8,9,15 
(Note 2) 


To Output 
Commercial 
Military 


From Input 
Y 
PL, VECT, MAP 
FULL 
y 
PL, VECT, MAP 
FULL 


00-011 
20 
- 
- 
25 
- 
- 
IO-I3 
35 
30 
- 
40 
35 
- 
CC 
30 
- 
- 
36 
- 
- 


CCEN 
30 
- 
- 
36 
- 
- 


CP 
I = 8,9, 15 
40 
- 
31 
- 
- 
35 


(Note 2) 


CP 
40 
31 
46 
35 
All Other I 
- 
- 


OE 
25 
25 


(Note 3) 
27 
- 
- 
30 
- 
- 


Commercial 
Military 


Input 
Set-up 
Hold 
Set-up 
Hold 


DI -+ RC 
16 
0 
16 
0 


DI -+ MPC 
30 
0 
30 
0 


IO-I3 
35 
0 
38 
0 


CC 
24 
0 
35 
0 


CCEN 
24 
0 
35 
0 


CI 
18 
0 
18 
0 


RLD 
19 
0 
20 
0 


Notes: 
1. A dash 
indicates 
that 
a propagation 
delay 
path 
or set-up 
time 
does 
not 


exist. 


2. These 
instructions 
are dependent 
upon 
the register/counter. 
Use the 


shorter 
delay 
times if the previous 
instruction 
either 
does 
not change 


the register/counter 
or could only decrement it. Use the longer delay 


if the instruction prior to the clock was 4 or 12 or ifRLD was LOW. 


3. The enable/disable 
times are measured to a 0.5 Volt change on the 


output 
voltage 
level with 
CL = 5 pF. 


4. See the last page of this specification for Group A subgroup testing 


information. 


REG/ 
RESULT 


CNTR 
FAIL 
PASS 
13-10 
MNEMONIC 
NAME 
CCEN 
= Land c:;c ~ H 
CCEN 
= HorCC 
= L 
REG/ 
CON- 
ENABLE 


TENTS 
y 
STACK 
y 
STACK 
CNTR 


0 
JZ 
Jump Zero 
X 
0 
Clear 
0 
Clear 
Hold 
PL 


I 
CJS 
CondJSB 
PL 
X 
PC 
Hold 
D 
Push 
Hold 
PL 


2 
JMAP 
Jump Map 
X 
D 
Hold 
D 
Hold 
Hold 
Map 


3 
ClP 
Cond Jump PL 
X 
PC 
Hold 
D 
Hold 
Hold 
PL 


4 
PUSH 
Push/Cond 
LD CNTR 
X 
PC 
Push 
PC 
Push 
(Note 
I) 
PL 


5 
JSRP 
Cond JSB R/PL 
X 
R 
Push 
D 
Push 
Hold 
PL 


6 
ClV 
Cond Jump Vector 
X 
PC 
Hold 
D 
Hold 
Hold 
Vect 


7 
JRP 
Cond Jump RlPL 
X 
R 
Hold 
D 
Hold 
Hold 
PL 


8 
RFCT 
Repeat 
Loop. 
*0 
F 
Hold 
F 
Hold 
Dee 
PL 


CNTR 
* 0 
=0 
PC 
POP 
PC 
Pop 
Hold 
PL 


9 
RPCT 
Repeat 
PL. 
*0 
D 
Hold 
D 
Hold 
Dee 
PL 


CNTR 
* 0 
=0 
PC 
Hold 
PC 
Hold 
Hold 
PL 


10 
CRTN 
CondRTN 
X 
PC 
Hold 
F 
Pop 
Hold 
PL 


11 
ClPP 
Cond Jump PL & Pop 
X 
PC 
Hold 
D 
Pop 
Hold 
PL 


12 
LDCT 
LD Cntr & Continue 
X 
PC 
Hold 
PC 
Hold 
Load 
PL 


13 
LOOP 
Test End Loop 
X 
F 
Hold 
PC 
Pop 
Hold 
PL 


14 
CONT 
Continue 
X 
PC 
Hold 
PC 
Hold 
Hold 
PL 


15 
TWB 
Three-Way 
Branch 
*0 
F 
Hold 
PC 
Pop 
Dec 
PL 


=0 
D 
Pop 
PC 
Pop 
Hold 
PL 


Clock 
Package 
Operating 
Cycle 
Ordering 
Code 


(ns) 
Type 
Range 


50 
CY29 lOA DC 
DI8 
Commercial 


CY2910AJC 
J67 


CY2910ALC 
L67 


CY2910APC 
P17 


51 
CY2910ADMB 
DI8 
Military 


CY2910ALMB 
L67 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL Max. 
1,2,3 


IIH 
1,2,3 


IlL 
1,2,3 


IOH 
1,2,3 


IOL 
1,2,3 


Ioz 
1,2,3 


Ise 
1,2,3 


Ice 
1,2,3 


Subgroups 


7,8,9,10,11 


Parameters 
Subgroups 


From DO-DII 
to Y 
7,8,9,10,11 


From IO-I3 to Y 
7,8,9,10, II 


From IO-I3 to PL, VECT, MAP 
7,8,9,10, II 


From CCto Y 
7,8,9,10,11 


From CCEN to Y 
7,8,9,10,11 


From CP (I = 8,9, 15) to FULL 
7,8,9,10, II 


From CP (All Other I) to Y 
7,8,9,10,11 


From CP (All Other I) to FULL 
7,8,9,10,11 


Parameters 
Subgroups 


Dr --. 
RC Set-up Time 
7,8,9,10,11 


DI --. 
RC Hold Time 
7,8,9,10, II 


Dr --. 
MPC Set-up Time 
7,8,9,10,11 


DI --. 
MPC Hold Time 
7,8,9,10, II 


IO-I3 Set-up Time 
7,8,9,10, II 


IO-I3 Hold Time 
7,8,9,10, II 


CC Set-up Time 
7,8,9,10, II 


CCHold 
Time 
7,8,9,10, II 


CCEN Set-up Time 
7,8,9,10, II 


CCEN Hold Time 
7,8,9,10,11 


CI Set-up Time 
7,8,9,10,11 


CI Hold Time 
- 
7,8,9,10,11 


RLD Set-up Time 
7,8,9,10, II 


RLD Hold Time 
7,8,9,10, II 


---4 
-- 


__ 
., 
0 
_ 


Of1= CYPRESS 
, 
SEMICONDUCTOR 


Features 


• 
Fast 
- 
CY7C510-45 
has a 45 ns 
(max.) clock cycle 
(commercial) 


- 
CY7C510-55 
has a 55 ns 


(max.) clock cycle (military) 


• 
Low Power 
- 
Ice 
(max. at 10 MHz) 


100 mA (commercial) 


- 
Ice 
(max. at 10 MHz) 
110 mA (military) 


• 
Vee 
Margin 
- 
5V ± 10% 


- 
All parameters 
guaranteed 


over commercial 
and military 


operating 
temperature 
range 


• 
16 X 16 hit parallel 
multiplication 
with accumulation 


to 35-bit result 


• 
Two's complement 
or unsigned 
magnitude 
operation 


• 
ESD Protection 
- 
Capable 
of withstanding 
greater 
than 2000V static 
discharge 
voltage 


• 
Pin compatible 
and functionally 
equivalent 
to Am29510 
and 
TMC2110 


Functional 
Description 


The CY7C51O is a high-speed 
16 X 16 
parallel multiplier 
accumulator 
which 
operates at 45 ns clocked multiply ac- 
cumulate 
(MAC) time (22 MHz multi- 
ply accumulate 
rate). The operands 


may be specified as either two's com- 
plement or unsigned magnitude 
16-bit 
numbers. The accumulator 
functions 


16 X 16 Multiplier 


Accumulator 


include loading the accumulator 
with 


the current 
product, 
adding or sub- 


tracting 
the accumulator 
contents 
and 


the current 
product, 
or preloading 
the 


accumulator 
from the external world. 


All inputs (data and instructions) 
and 


outputs are registered. 
These indepen- 


dently clocked registers are positive 
edge triggered 
D-type flip-flops. The 


35-bit accumulator/output 
register is 


divided into a 3-bit extended 
product 


(XTP), a 16-bit most significant 
prod- 


uct (MSP), and a 16-bit least signifi- 
cant product 
(LSP). The XTP and 


MSP have dedicated 
ports for three- 
state output; 
the LSP is multiplexed 


with the V-input. The 35-bit accumula- 
tor/output 
register may be preloaded 


through 
the bidirectional 
output 
ports. 
• 


7CSIO-4S 
7CSIO-SS 
7CSlO-6S 
7CSlO-75 


Maximum Multiply- 
Commercial 
45 
55 
65 
75 
Accumulate Time (ns) 
Military 
55 
65 
75 


~I(ffiNDUcrOR 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user 


guidelines, 
not tested.) 


Ambient 
Temperature 
Under Bias 
- 55°C to + 125°C 


Supply Voltage to Ground 
Potential 
-0.5V 
to + 7.0V 


DC Input Voltage 
-0.5V 
to + 7.0V 


DC Voltage Applied to Outputs 
-0.5V 
to Vcc Max. 


Output 
Current, 
into Outputs 
(low) 
10 mA 


Static Discharge 
Voltage 
>200IV 


(per MIL-STD-883 
Method 
3015) 


Pin Configurations 


X6 
x5 
x4 
x3 


Xz 


X, 


Xo 


Yo· Po 


Y"P1 
Yz,Pz 


Y3, P3 


Y4• P4 


Y5,P5 


Y6, P6 


Y7, P7 
GND 


Ya· Pa 


Yg, Pg 


Y10, P,o 


Y",P'1 
Y,z· P,z 


Y13, P'3 


Y14, P'4 


Y15,P15 


P16 


P17 


P'B 
P,g 


Pzo 


PZ1 


P22 


P23 


X7 
Xa 
xg 


x10 


X'1 


X'2 


X'3 


X'4 


X'5 
OEl 


RND 


SUB 


ACC 


ClKX 


ClKY 


CY7C510 


Range 
Temperature 
VCC 


Commercial 
O°Cta + 70°C 
5V ± 10% 


Military!l] 
- 55° to + 125°C 
5V ±IO% 


Note: 
1. TA is the "instant 
on" case temperature. 


9 8 765 
.• 3 
21116867666564636261 


10 
~ 
60 


'1 
59 


12 
~ 


13 
57 


14 
56 


15 
55 


16 
54 
17 
53 


18 
52 


19 
51 


W 
R 


21 
ft 
22 
~ 
23 
~ 
24 
46 
25 
45 
26 
44 
2728293031323334353637383940414243 


P2'Y2 


P3'Y3 
P.••Y.• 
Ps·Ys 
Ps.Ys 


P7'Y7 


GND 


GND 


Pa,Ya 


Pg.Yg 


P'O'Yl0 


Pl1·Yt 
1 


P'2'Y12 


Pn'Y13 
P1.·Y,. 


P15'Y15 
·'6 
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Pin Configurations (Continued) 


Pin Configuration for 68-Pin Grid Array 
(0 8 8 8 (3 G 8 9 8 
51 
50 
48 
46 
44 
42 
40 
38 
36 
8 8 8 8 (3 8 e 8 8 8 (0 


53 
52 
49 
47 
45 
43 
41 
39 
37 
35 
34 
8 (0 
e e 


55 
54 
32 
33 
0 8 
e e 


57 
56 
30 
31 


G 0 
e 8 
59 
58 
28 
29 
0 0 
8 e • 


61 
60 
26 
27 


(0 0 
8 8 


63 
62 
24 
25 


G G 
e 8 
65 
64 
22 
23 
8 0 
8 8 
67 
66 
20 
21 
e 8 8 8 8 8 8 8 8 8 8 


1 
3 
5 
7 
9 
11 
13 
15 
18 
19 


€V 8 8 e 8 8 8 8 e 


2 
4 
6 
8 
10 
12 
14 
16 
17 
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Pin Definitions 


Signal 
I/O 
Description 
Name 


XIS-O 
I 
X-Input Data. This 16-bit number may be 
interpreted as two's complement or 
unsigned magnitude. 


YIS-O 
110 
Y-Input Data/LSP 
Output Data. When 


(PtS-o) 
this port is used to input a Y value, the 
16-bit number may be interpreted as two's 
complement or unsigned magnitude. This 
bidirectional port is multiplexed with the 
LSP output (PtS-O),and can also be used 
to preload the LSP register. 


P34-32 
110 
Extended Product (XTP) Output Data. 
This port is bidirectional. The extended 
product emerges through this port. The 
XTP register may also be preloaded 
through this port. 


P31-16 
110 
MSP Output Data. This port is 
bidirectional. The most significant 
product emerges through this port. The 
MSP register may also be preloaded 
through this port. 


PIS-o 
110 
LSP Output Data. This port is 
bidirectional. The least significant 
product emerges through this port. The 
LSP register may also be preloaded 
through this port. 


CLKX 
I 
X-Register Clock. X-Input Data are 
latched into the X-register at the rising 
edge of CLKX. 


CLKY 
I 
Y-Register Clock. Y-Input Data are 
latched into the Y-register at the rising 
edge ofCLKY. 


CLKP 
I 
Product Register Clock. XTP, MSP, and 
LSP are latched into their respective 
registers at the rising edge of CLKP. If 
preload is selected, these registers are 
loaded with the preload data at the output 
pins via the bidirectional ports. If preload 
is not selected, these registers are loaded 
with the current accumulated product. 


OEX 
I 
Output Enable Extended. When LOW, 
the extended product bidirectional port is 
enabled for output. When HIGH, the 
outputs drivers are disabled (high 
impedance) and the XTP port may be 
used for preloading. See Preload Function 
Table. 


OEM 
I 
Output Enable Most. When LOW, the 
MSP bidirectional port is enabled for 
output. When HIGH, the output drivers 
are disabled (high impedance) and the 
MSP port may be used for preloading. See 
Preload Function Table. 


Signal 
110 
Description 
Name 


OEL 
I 
Output Enable Least. When LOW, the 
LSP bidirectional port is enabled for 
output. When HIGH, the output drivers 
are disabled (high impedance) and the 
MSP port may be used for preloading. See 
Preload Function Table. 


PREL 
I 
Preload. When HIGH, the three 
bidirectional ports may be used to preload 
data into the accumulator register at the 
rising edge ofCLKP. 
The three-state 


controls (OEX, OEM, OEL) must be 
HIGH to preload data. 
When LOW, the accumulated product is 
loaded into the accumulator/output 
register at the rising edge of CLKP. The 
output drivers must be enabled (OEX, 
OEM, OEL must be LOW) for the 
accumulated product to be output. 
Ordinarily, PREL, OEX, OEM, and OEL 
are tied together. See accumulator 
function table. 


TC 
I 
Two's Complement Control. When 
HIGH, the 7C51O is in two's complement 
mode, where the input and output data 
are interpreted as two's complement 
numbers. The device is in unsigned 
magnitude mode when TC is LOW. This 
control is loaded into the instruction 
register at the rising edge of CLKX + 
CLKY. 


RND 
I 
Round Control. When HIGH, rounding 
is enabled and a "I" is added to the MSB 
of the LSB (Pts). When LOW, the 
product is unchanged. This control is 
loaded into the instruction register at the 
rising edge ofCLKX + CLKY. 


ACC 
I 
Accumulate Control. When HIGH, the 
accumulator/output 
register contents are 


added to or subtracted from the current 
product (XY) and this result is stored 
back into the accumulator/output 
register. When LOW, the product is 
loaded into the accumulator register, 
overwriting the current contents. This 
control is loaded into the instruction 
register at the rising edge of CLKX + 
CLK Y. See accum ulator function table. 


SUB 
I 
Subtract Control. When both ACC and 
SUB are HIGH, the accumulator register 
contents are subtracted from the current 
product XY and this result is written back 
into the accumulator register. When ACC 
is HIGH and SUB is LOW, the 
accumulator 
register contents 
and current 


product are summed, then written back to 
the accumulator register. This control is 
loaded into the instruction register at the 
rising edge of CLKX + CLKY. See 
accumulator function table. 
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Functional 
Description 


The CY7C51O is a high-speed 
16 X 16-bit multiplier 
accu- 


mulator 
(MAC). 
It comprises 
a 16-bit parallel multiplier 


followed by a 35-bit accumulator. 
All inputs (data and in- 


structions) 
and outputs 
are registered. 
The 7C51 0 is divid- 


ed into four sections: the input section, the 16 X 16 asyn- 
chronous 
multiplier 
array, the accumulator, 
and the out- 


put/preload 
section. 


The input section has two 16-bit operand 
input registers for 


the X and Y operands, 
clocked by the rising edge of CLKX 


and CLKY, 
respectively. 
The four-bit instruction 
register 


(TC, RND, ACC, SUB) is clocked by the rising edge of the 
logical OR ofCLKX, 
CLKY. 


The 16 X 16 asynchronous 
multiplier 
array produces 
the 


32-bit product 
of the input operands. 
Either two's comple- 


ment or unsigned magnitude 
operation 
is selected, based on 


control TC. Ifrounding 
is selected, (RND 
= I), a "I" is 


added to the MSB of the LSP (position PIS). The 32-bit 
product 
is zero-filled or sign-extended 
as appropriate 
and 


passed as a 35-bit number to the accumulator 
section. 


The accumulator 
function is controlled 
by ACC, SUB, and 


PREL. 
Four functions 
may be selected: the accumulator 
may be loaded with the current 
product; 
the product 
may 


be added to the accumulator 
contents; 
the accumulator 


contents 
may be subtracted 
from the current 
product; 
or 


the accumulator 
may be preloaded 
from the bidirectional 


ports. 


The output/preload 
section contains the accumulator/out- 


put register and the bidirectional 
ports. This section is con- 


trolled by the signals PREL, 
OEX, OEM, and OEL. When 


PREL is HIGH, 
the output buffers are in high impedance 


state. When the controls OEX, OEM, and OEL are also 
high, data present at the output pins will be preloaded 
into 
the appropriate 
accumulator 
register at the rising edge of 


CLKP. 
When PREL 
is LOW, the signals OEX, OEM, and 


OEL are enable controls for their respective three-state 
output 
ports. 


PREL 
OEX 
OEM 
OEL 
Output Register 


XTP 
MSP 
LSP 


0 
0 
0 
a 
Q 
Q 
Q 


a 
a 
a 
I 
Q 
Q 
z 


a 
a 
I 
a 
Q 
z 
Q 


a 
a 
1 
I 
Q 
z 
z 


a 
I 
a 
a 
z 
Q 
Q 


a 
I 
a 
1 
z 
Q 
z 


a 
I 
I 
a 
z 
z 
Q 


a 
1 
I 
1 
Z 
Z 
Z 


1 
a 
a 
a 
z 
z 
Z 


1 
a 
a 
1 
Z 
Z 
PL 


1 
a 
1 
a 
z 
PL 
Z 


1 
a 
1 
1 
Z 
PL 
PL 


I 
I 
a 
a 
PL 
z 
Z 


1 
1 
a 
I 
PL 
Z 
PL 


1 
1 
1 
a 
PL 
PL 
Z 


I 
I 
1 
1 
PL 
PL 
PL 


Z = Output butTers at High impedance (disabled.) 
Q = Output buffers at Low impedance. Contents of output register 
available through output ports. 


PL = Output disabled. Preload data supplied to the output pins will be 


loaded into the output register at the rising edge of CLKP. • 
PREL 
ACC 
SUB 
P 
OPERATION 


L 
L 
X 
Q 
Load 


L 
H 
L 
Q 
Add 


L 
H 
H 
Q 
Subtract 


H 
X 
X 
PL 
Preload 


Output Formats 
Two's Complement 
Fractional 
Output 


XTP 
MSP 
LSP 


134333211313029 
28 27 26 25 24 23 22 21 
20 
19 
18 
17 
161115 
14 
13 
12 
11 
10 
9 
4 
0 I 


_242322 
21 202-12-22-32-42-52-62-72-82-92-10 
2-112-122-132-14 
2-152-162-172-182-192-202-212-222-232-242-252-26 
2-27 2-28 2-29 2-30 


(Sign) 


Two's Complement 
Integer 
Output 


XTP 
MSP 
LSP 


I 34 
33 
321 
131 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
161 
115 
14 
13 
12 
II 
10 
9 
8 
7 
6 
5 
4 
3 
2 
I 
0 I 


_234 233 232 
231 230 229 228 227 226 225 224 223 222 221 220 219 218 217 216 
215 214 213 212 
211 210 29 28 27 26 25 24 23 22 21 20 
(Sign) 


Unsigned Fractional 
Output 


XTP 
MSP 
LSP 


1343332113130292827262524232221201918171611151413 
12 
11109 
4 
01 


222120 
2-12-22-32-42-52-62-72-82-92-10 
2-112-122-13 
2-14 2-15 2-16 
2-172-182-192-202-2\ 
2-222-232-242-252-262-272-282-292-302-312-32 


Unsigned Integer 
Output 


XTP 
MSP 
LSP 


134 
33 
321 
131 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
161115 
14 
13 
12 
II 
10 
9 
8 
6 
5 
4 
3 
2 
I 
0 I 


234 233 232 
231 230 229 228 227 226 225 224 223 222 221 220 219 218 217 216 
215 214 213 212 
211 210 29 28 27 26 25 24 23 22 21 20 
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Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., 10H = - 0.4 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min.,IOL = 4.0mA 
0.4 
V 


VIH 
Input HIGH Voltage 
2.0 
V 


VIL 
Input LOW Voltage 
0.8 
V 


10H 
Output HIGH Current 
Vcc = Min., VOH = 2.4V 
-0.4 
mA 


10L 
Output LOW Current 
Vcc = Min., VOL = O.4V 
4.0 
mA 


IIX 
Input Leakage Current 
GND 
S; VI S; Vcc' 
-10 
+10 
p.A 


II 
Input Current, Max. Input Voltage 
Vcc = Max., VIN = 7.0V 
10 
mA 


IOs[1I 
Output Short Circuit Current 
VCC = Max., VOUT = 0.5V 
-3 
-30 
mA 


10ZL 
Output OFF (Hi-Z) Current 
Vcc = Max.,OE 
= 2.0V 
-25 
p.A 


10ZH 
Output OFF (Hi-Z) Current 
Vcc = Max.,OE 
= 2.0V 
25 
p.A 


Icc (QI)[21 
Supply Current (Quiescent) 
VCC = Max., 
30 
mA 
VIN = [GND to VILl or [VIH to VCcJ 


Icc (Q2)[2] 
Vcc = Max 
Commercial 
20 
Supply Current (Quiescent) 
VCC ~ VIN ~ 3.85V 
mA 


O.4V ~ VIN ~ GND 
Military 
25 


Icc (Max.)[2] 
Supply Current 
I Commercial 
Vcc = Max., fCLK = 10 MHz 
100 
mA 


I Military 
110 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25'C, f = I MHz 
8 
pF 
CoUT 
Output Capacitance 
Vcc = 5.0V 
10 


Notes: 
1. Not more than one output should be tested at a time. Duration of the 


short circuit should not be more than one second. 
2. For Ice measurements, the outputs are three-stated. Two quiescent 


figures are given for different input voltage ranges. To calculate Ice at 
any given clock frequency, use 30 mA + lee (A.C.), where lee 
(A.C.) ~ (7 mA/MHz) 
x Clock Frequency for the Commercial tem- 


perature range. lee (A.C.) ~ (8 mA/MHz) 
x Clock Frequency for 


Military temperature 
range. 


3. Tested initially and after any design or process changes that may 


affect these parameters. 


4. See the last page of this specification for Group A subgroup testing 


information. 


Output Loads Used for A.C. Performance 
Characteristics 


Normal Load (Load 1) 
Three-State 
Delay Load (Load 2) 


R3 


TO 
SOOD. 


OUTPUT~ 


PIN 
~ .l.. 
...L 
SP'4 


VX 


Rl 
102SD. 


SVn 


OUTPUT 


R2 
40P'I 
817D. 


• 
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Switching Characteristics 
Over Operating 
RangeD] 


Parameters 
Description 
7C51O-45 
7C51O-55 
7C510-65 
7C510-75 
Units 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


tMA 
Multiply Accumulate Time 
45 
55 
65 
75 
ns 


ts 
Setup Time 
20 
20 
25 
25 
ns 


tH 
Hold Time 
3 
3 
3 
3 
ns 


tpw 
Clock Pulse Width 
25 
25 
30 
30 
ns 


tpop 
Output Clock to P 
30 
30 
35 
35 
ns 


tPOY 
Output Clock to Y 
30 
30 
35 
35 
ns 


tpHZ 
OEX, OEM to P; 
HIGH to Z 
25 
25 
30 
30 
ns 


tPLZ 
OEL to Y (Disable Time) 
LOWtoZ 
25 
25 
30 
30 
ns 


tPZH 
OEX, OEM to P; 
ZtoHIGH 
30 
30 
35 
35 
ns 


tPZL 
OEL to Y (Enable Time) 
ZtoLOW 
30 
30 
35 
35 
ns 


tHCL 
Relative Hold Time 
0 
0 
0 
ns 


TEST 
Vx 
OUTPUT WAVEFORM - MEASUREMENT 
LEVEL 


VOH 


*l.SV 
ALL Ipo's 
Vcc 
VOL 


VOH 
..l. 


IpHZ 
o.OV 
bO' 
SV 


O.OV 


O.5V~ 


2.6V 


IpLZ 
2.6V 
VOL 


~VOH 
IpZH 
O.OV 
l.SV 
O.OV 


2.6V 


~V 
IpZL 
2.6V 
OL 


i~~~~~tSJ=tH~::SV 


-------3V 
TI~ING 
INPUT 
------- 
-------1.5V 
--------"'----------ov 


0057-8 


LOW-HiGH-LOW -L =J---- 1 5V 
PULSE 
. 
---- 
Tpw 


Notes: 
l. Diagram shown for HIGH data only. Output transition may be oppo· 


site sense. 


2. Cross hatched area is don't care condition. 


5nEM~DOC1OR =================================================C=Y==7=C=5=1=O 


XIN• YIN 


RNO. TC 


ACC. 
SUB 


~~:~~ 
"'XX-X-XX-xXX-XX-X-X-X-X-XX-X-X-XX-X-X-X-XX-X-X-XX-X-m=~~~.:-_-_-_ 


TpW 
I\. 
/ 
, 


TS 
TH- 


X 
X X X 
XXXXXXXXX 
XXXXXXXXXXXXXX 


PREL 


OEX 


OEM 
OEL 


tpHZ~ 
(DISABLE) 
-tpZH~ 


(HIGH LEVEL) 
VOH-D.5V 
(ENABLE) 


(HIGH IMPEDANCE) 


VOL+O.5V 
1 


(LOW LEVEL) 
I--tpLZ- 


I--tpZL~ 
• 
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~ 
S 
25 
.... 


1.0 
u 
1.2 
z 
u 
I.J 
..Y 
..Y 


'" 
20 
'" 
0 
0 
::l 
I.J 
I.J 
U 
N 
0.8 
N 
1.0 
I.J 
15 
::; 
::; 
... 
... 
u 
'" 
::> 
::> 
::l 
'" 
'" 
0 
10 
0 
0 
ell 
z 
0.6 
Vee = 5.5V 
z 
0.8 
.... 


VIN = 5.0V 
::l 
5 
D.. 


TA = 250e 
.... 
::l 
0 


0.4 
0.6 
4.0 
4.5 
5.0 
5.5 
6.0 
-55 
125 


SUPPLY VOLTAGE (V) 
AMBIENT TEMPERATURE (Oe) 


NORMALIZED 
SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 
1.2 


NORMALIZED 
FREQUENCY 
vs. SUPPLY VOLTAGE 
1.3 


>- 
1.2 
u3 
::l 
1.1 
8 
'""'- 
La 
0 
I.J 
N::; 
0.9 
... 
::> 
'"0 
0.8 
z 
-- 
,/ 


TA = 250e 


'. 


NORMALIZED 
SUPPLY CURRENT 
vs. AMBIENT 
TEMPERATURE 
1.4 


OUTPUT 
SOURCE CURRENT 


30 vs. OUTPUT 
VOLTAGE 


Vee = 5V 
TA =25oe 


NORMALIZED 
FREQUENCY 
OUTPUT SINK CURRENT 


vs. AMBIENT 
TEMPERATURE 
vs. OUTPUT VOLTAGE 


1.6 
35 


>- 
~ 
30 
u 
1.4 
S 
3 
.... 


25 
::l 
z 


0 
I.J 


I.J 
1.2 
'" 
'" 
'" 
20 
"'- 
::l 


0 
U 
Vcc = 5.0V 
I.J 
'" 
15 
N 
1.0 
z 
TA = 250e 
::; 
Vi 
... 
Vcc=5.0V 
I- 
10 
::> 
'" 


::l 
0.8 


D.. 
0 
I- 


Z 
::l 
5 
0 


0.6 
a 


-55 
25 
125 
a 
1.0 
2.0 
3.0 
4.0 


AMBIENT TEMPERATURE (Oe) 
OUTPUT VOLTAGE(V) 


NORMALIZED 
OUTPUT DELAY 
NORMALIZED 
lee 
vs. OUTPUT LOADING 
vs. FREQUENCY 


4.0 
1.6 


3.5 
1.4 


>- 
u 


:"i 
3.0 
..Y 


I.J 
0 
1.2 
0 
I.J 
N 
I- 
2.5 
::; 
::l 
... 


D.. 
::> 
1.0 
I- 


'" 
::l 
2.0 
0 
0z 


1.5 
0.8 
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Ordering Information 


Speed (ns) 
Ordering Code 
Package Type 
Operating Range 


45 
CY7C51O-45 PC 
P29 
Commercial 


CY7C51O-45 LC 
L81 


CY7C51O-45 JC 
J81 
CY7C51O-45 DC 
030 
CY7C510-45 GC 
G68 


55 
CY7C510-55 PC 
P29 
Commercial 


CY7C51O-55 LC 
L81 


CY7C51O-55 JC 
J81 
CY7C51O-55 DC 
030 
CY7C51O-55 GC 
G68 


CY7C51O-55 LMB 
L81 
Military 
CY7C51O-55 DMB 
030 
CY7C51O-55 GMB 
G68 


65 
CY7C51O-65 PC 
P29 
Commercial 
CY7C51O-65 LC 
L81 


CY7C51O-65 JC 
J81 
CY7C510-65 DC 
030 
CY7C51O-65 GC 
G68 


CY7C51O-65 LMB 
L81 
Military 
CY7C51O-65DMB 
030 
CY7C510-65 GMB 
G68 


75 
CY7C51O-75 PC 
P29 
Commercial 


CY7C51O-75 LC 
L81 
CY7C51O-75 JC 
J81 
CY7C51O-75 DC 
030 
CY7C51O-75 GC 
G68 


CY7C51O-75 LMB 
L81 
Military 
CY7C51O-75DMB 
030 
CY7C51O-75 GMB 
G68 
• 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IOH 
1,2,3 


IOL 
1,2,3 


IIX 
1,2,3 


I( 
1,2,3 


IOS 
1,2,3 


IOZL 
1,2,3 


IOZH 
1,2,3 


Parameters 
Subgroups 


IMA 
7,8,9,10,11 


IS 
7,8,9,10, 
II 


IH 
7,8,9,10,11 


IpW 
7,8,9,10,11 


IPDP 
7,8,9,10, 
II 


IPDY 
7,8,9,10,11 


IPHZ 
7,8,9,10,11 


IPLZ 
7,8,9,10, 
II 


IpZH 
7,8,9,10,11 


IPZL 
7,8,9,10,11 


IHCL 
7,8,9,10,11 


Parameters 
Subgroups 


Icc(QI) 
1,2,3 


Icc 
(Q2) 
1,2,3 


Icc(Max.) 
1,2,3 


--- 
~ 
-- --.- - - 
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Features 


• 
Fast 
- 
38 ns clock cycle 
(commercial) 


- 
42 ns clock cycle (military) 


• 
Low Power 
- 
Ice (max. at 10 MHz) 
100 mA (commercial) 
- 
Ice (max. at 10 MHz) 
110 mA (military) 


• 
Vee 
Margin 
- 
5V ±10% 


- 
All parameters 
guaranteed 


over commercial 
and military 
operating 
temperature 
range 


• 
16 x 16 bit parallel 
multiplication 
with full precision 


32-bit product 
output 


Logic Block Diagrams 


CY7C516 


CY7C516 
CY7C517 


• 
Two's complement, 
unsigned 
magnitude, 
or mixed mode 
multiplication 


• 
CY7C516 
pin compatible 
and 
functionally 
equivalent 
to 
Am29516, 
MPY016K, 
MPY016H 


• 
CY7C517 
pin compatible 
and 
functionally 
equivalent 
to 
Am29517 


Functional 
Description 


The CY7C516/517 
are high-speed 
16 x 


16 parallel multipliers 
which operate at 
38 ns clocked multiply times (26 MHz 
multiplication 
rate). The two input op- 
erands may be independently 
specified 


as either two's complement 
or unsigned 


magnitude 
numbers. Controls 
are pro- 
vided for rounding 
and format adjust- 


ment of the full precision 32-bit prod- 
uct. 


On the 7C5l6, 
individually 
clocked in- 


put and output 
registers are provided 


to maximize throughput 
and to simpli- 


fy bus interfacing. 
On the 7C517, a sin- 
gle clock (CLK) is provided, 
along 
with three register enables. This facili- 
tates the use of the 7C517 in micropro- 
grammed 
systems. The input and out- 


put registers are positive edge triggered 
D-type flip-flops. The output 
register 


may be made transparent 
for asynchro- 
nous output. 


7C516·38 
7C516-42 
7C516·45 
7C516·55 
7C516-75 


7C517-38 
7C517·42 
7C517·45 
7C517-55 
7C517·75 


Maximum Multiply Time (ns) 
Commercial 
38/58 
45/65 
55/75 
75/100 
Clocked/Unciocked 
Military 
42/65 
55/75 
75/100 


Two output 
modes may be selected by using the output 


multiplexer 
control. MSPSEL. 
Holding MSPSEL 
LOW 


causes the most significant 
product 
(MSP) to be available 
at the dedicated 
output 
port. The LSP is simultaneously 
available at the bidirectional 
port shared with the Y-inputs. 


The other mode of output involves toggling of the 
MSPSEL control. allowing both the MSP and LSP to be 
available for output through 
the dedicated 
l6-bit output 


port. 


Pin Configurations 


DIP/Cerdip 


Top View 


X, 
x5 


X3 
x6 


x2 
x7 
LCC/PLCC 


Xl 
XB 
Top View 


Xo 
xg 
~ 
OEL 
xlO 
I~ 


(CLK) 
ClK l 
x" 
::lE 
< ~I~ ouu>-xo~ 
(ENY) 
ClKY 
'" 
Ia.. 
a 
"' ... '" 
X12 
u --'w 
Z 
zuuuuz...J 
.................. 


Z uo 
u..u..::lE 
'-' l?> 
> •..... 
I-et::uxxx 


YO·PO 
X'3 
9 
8 
7 
6 
5 
4 
3 
2 
~ 
68676665 
6463626' 


Y,.P, 
Xu 
P'5' 
P31 
10 
60( 
NC 


Y2• P2 
X15 
Pl" 
P30 
" 


59 ( 
X12 


Y3,P3 
ClKX 
(ENX) 
P'3' 
P29 
12 
58 
X, , 


Y4,P4 
RNO 
P12,P2B 
13 
57 
X'O 


Y5,P5 
lCX 
P11• P27 
14 
56 
Xg 


P10, 
P26 
'5 
55 
XB 
Y6• P6 
lCY 
Pg• P25 
'6 
54 
X7 


Y7• P7 
VCC 
PB• P24 
'7 
53 
X6 


YB• PB 
VCC 
P7• P23 
18 
7C5'6 
521 
X5 


Yg• Pg 
GND 
P6• P22 
19 
(7C517) 
5' 
X4 


Y10' P10 
GND 
P5• P2, 
20 
504 
X3 


P 4' P20 
21 
494 
X2 
Y11• P11 
MSPSEl 
P3• P,g 
22 
484 
X, 


Y12,P12 
FT 
P2• P'B 
23 
474 
Xo 


Y13• P13 
FA 
P,. 
PH 
24 
464 
OEl 


Y14·Pu 
OEP 
PO' P, 6 
25 
454 
ClK l 
(ClK) 


Y'5' 
P15 
ClK M (ENP) 
NC 
26 
444 
ClKY 
(ENY) 


PO' P, 6 
P3,· 
P15 


272829 
30 31 3233 
34353637 
3!l39 
~ 
4' 
~ 
~ 
~ 


P,. 
PH 
P30• P14 
to"'" 
1'1") N 
••• 
0 
m 
co,.... 
(£) 
to 
..••. r<') N 
•... ou 
••..•.•••••.••.•••.••..... 
0.. 
c.. a.. a.. a.. Cl.. a.. c.. a.. D... z 


P2• P'B 
P29• P13 
a.. a.. a.. a.. a.. a.. 
~ 
• 
• 
• 
• 
• 
• 
• 
• 
• 
•••.•.•.•. 
moor--U)tO 
.••. 
I"")N 
••.. 
O 


to""''''' 
N.- 
0>->->->->->->->->->- 


P3• P,g 
P2B• P12 
~;.;-.;-.;.; 


P 4' P20 
P27• P11 


0054-3 


P5• P21 
P26• P10 


P6• P22 
P25• Pg 


P7• P23 
P24• PB 


0054-2 


CY7C516 
5n~ 
CY7C517 


SEMICONDUCTOR 


Pin Configurations (Continued) 


Pin Configuration 
for 68-Pin Grid Array (Top View) 
(0 8 8 8 8 8 8 0) ® 
51 
50 
48 
46 
44 
42 
40 
38 
36 
8 8 8 @ 8 8 8 8 0) @ (0 
ENX 
ENP) 


53 
52 
49 
47 
45 
43 
41 
39 
37 
35 
34 


G 8 
8 8 


55 
54 
32 
33 
8 G 
8 8 


57 
56 
30 
31 


G G 
8 8 
59 
58 
28 
29 


G G 
8 8 • 


61 
60 
26 
27 
8 G 
8 8 
63 
62 
24 
25 
8 G 
8 8 
65 
64 
22 
23 


@ 
CLKL 
8 8 


(ENY) 
(CLK) 


67 
66 
20 
21 
(0 8 8 8 8 8 8 8 8 8 8 


1 
3 
5 
7 
9 
11 
13 
15 
18 
19 


8 8 8 8 8 8 8 8e 


2 
4 
6 
8 
10 
12 
14 
16 
17 
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CY7C516 


.nd;~DUcrOR===================================================C==Y=7=C=5=1=7 
Maximum Ratings 
(Above which the useful life may be impaired. 
For user 


guidelines, 
not tested.) 


Ambient 
Temperature 
Under Bias 
~ 55·C to + l25·C 


Supply Voltage to Ground 
Potential 
-0.5V 
to + 7.OV 


DC Input Voltage 
-O.SV to + 7.OV 


DC Voltage Applied to Outputs 
-0.5V 
to VCC Max. 


Output 
Current, 
into Outputs 
(low) 
10 mA 


Static Discharge 
Voltage 
> lOOOV 
(per MIL-STD-883 
Method 3015) 


Pin Definitions 
Signal 
Name 
110 
Description 


I 
X-Input Data. This l6-bit number may be 
interpreted as two's complement or unsigned 
magnitude. 


Y15-0 
(PI5-0) 


I/O Y-InputiLSP 
Output Data. This l6-bit number 
may be interpreted as two's complement or 
unsigned magnitude. The V-input port may be 
multiplexed with the LSP output (PI5-o). 


P31-16 
(PI5·0) 


IT 


a 
Output Data. This l6-bit port may carry either 
the MSP (P31-16)or the LSP (PI5-0). 


The MSP and LSP registers are made 
transparent (asynchronous operation) if IT is 
HIGH. 


Format Adjust Control. If FA is HIGH, a full 
32-bit product is output. If FA is LOW, a left- 
shifted product is output, with the sign bit 
replicated in the LSP. FA must be HIGH for 
two's complement integer, unsigned magnitude, 
and mixed mode multiplication. 


Output Multiplexer Control. When MSPSEL is 
LOW, the MSP is available for output at the 
MSP output port, and the LSP is available at 
the Y-inputlLSP 
output port. When MSPSEL 
is HIGH, the LSP is available at both ports 
(above) and the MSP is not available. 


Round Control. When RND is HIGH, a one is 
added to the MSB of the LSP. This position is 
dependent on the FA control; FA= HIGH 
means RND adds to the 2-15bit (PI5), 
FA= LOW means RND adds to the 2-16bit 
(PI4)· 


Two's Complement Control X. X-input data are 
interpreted as two's complement when TCX is 
HIGH. TCX LOW means the data are 
interpreted as unsigned magnitude. 


Range 
Temperature 
Vcc 


Commercial 
O·C to +70·C 
5V ± 10% 


MilitaryUl 
- 55·C to + 125·C 
5V ± 10% 


Signal 
Name 
110 
Description 


I 
Two's Complement Control Y. Y-Input data are 
interpeted as two's complement when TCY is 
HIGH. TCY LOW means the data are 
interpreted as unsigned magnitude. 


P31-16lPlS-OOutput Port Three-State Control. 
When OEP is LOW, the output port is enabled; 
when OEP is HIGH, the drivers are in a high 
impedance state. 


Y-in/Pls-o Port Three State Control. When 
OEL is LOW, the timeshared port is enabled 
for LSP output. When OEL is HIGH, the 
output drivers are in a high impedance state. 
This is required for Y-input. 


CY7C516 Only 
CLKX 
I 
X-Register Clock. X-input data and TCX are 
latched in at the rising edge of CLKX. 


V-Register Clock. V-input data and TCY are 
latched in at the rising edge of CLK Y. 


MSP Register Clock. The most significant 
product (MSP) is latched in at the MSP 
Register at the rising edge of CLKM. 


LSP Register Clock. The least significant 
product (LSP) is latched in at the LSP Register 
at the rising edge of CLKL. 


CY7C517 Only 
CLK 
I 
Clock. All enabled registers latch in their data 
at the rising edge of CLK. 


X-Register Enable. When ENX is LOW, the X- 
Register is enabled. X-input data and TCX will 
be latched in at the rising edge of CLK when 
the register is enabled. When ENX is HIGH, 
the X-Register is in hold mode. 


X-Register Enable. ENY enables the 
V-Register. (See ENX.) 


ENP 
Product Register Enable. ENP enables the 
product register. Both the MSP and LSP 
Sections are enabled by ENP. (See ENX.) 


~PRFSS 
.nEMICONDUCTOR 
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TCX, TCY = I 


XIN 


115 
14 
13 
12 
11 
10 
9 
7 


_20 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 


(Sign) 


YIN 


6 
4 
2 
01 
115 
14 
13 
12 
11 
10 
9 
6 
4 
2 
01 


2-9 2-10 2-112-122-132-142-15 
_20 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 2-112-122-132-142-15 


(Sign) 


Integer 
Two's Complement 
Input Format 


TCX, TCY = I 


XIN 
YIN 


115 
14 
13 
12 
11 
10 
9 
6 
4 
2 
01 
115 
14 
13 
12 
11 
10 
9 
6 
4 
2 
01 


_215214213 
212 211 210 
29 
28 
27 
26 
25 
24 
23 
22 
21 
2° 
_215214 
213 212 211 210 
29 
28 
27 
26 
25 
24 
23 
22 
21 
2° 


(Sign) 
(Sign) 


Unsigned Fractional 
Input Format 


TCX, TCY = 0 


XIN 
YIN 


115 
14 
13 
12 
11 
10 
9 
6 
4 
2 
01 
115 
14 
13 
12 
11 
10 
9 
6 
4 
01 


2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 2-112-122-13 2-14 2-15 2-16 
2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 2-11 2-12 2-13 2-142-152-16• 


Unsigned Integer 
Input Format 


TCX, TCY = 0 


XIN 
YIN 


115 
14 
13 
12 
11 
10 
9 
6 
4 
2 
01 
115 
14 
13 
12 
11 
10 
9 
6 
4 
01 


215 214 213 212 211 210 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
215 214 213 212 211 210 
29 
28 
27 
26 
25 
24 
23 
22 
21 
2° 
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FA = 0 
MSP 


131 
30 
29 
28 
27 
26 
25 
24 
23 


_20 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 


(Sign) 


LSP 


_____________ 
22_2_1_2_0_19 __ 18_1_7_1~61 
115 
14 
13 
12 
II 
10 
9 
8 
6 
4 
0 I 


2-9 2-10 2-112-122-132-142-15 
_20 2-162-172-182-192-202-212-222-232-242-252-262-27 
2-28 2-29 2-30 


(Sign) 


FA = 1 
MSP 


131 
30 
29 
28 
27 
26 
25 
24 
23 
22 


-21 
20 
2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 


(Sign) 


FA = 1 
MSP 


LS'p 


______________ 
2_1_2_0_19__ 18_1_7_1~61115 
14 
13 
12 
II 
10 
9 
8 
6 
4 
0 I 


2-9 2-10 2-112-122-13 2-14 
2-152-162-172-182-192-202-212-222-232-242-252-26 
2-272-282-292-30 


LSP 


131 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
161 
115 
14 
13 
12 
II 
10 
9 
6 
4 
0 I 


_231230229 
228 227 226 225 224 223 222 221 220219 
218 217 216 
215 214 213 212 211 210 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


(Sign) 


MSP 
LSP 


131 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
161 
115 
14 
13 
12 
11 
10 
9 
8 
6 
4 
0 I 


2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-102-112-122-132-142-152-16 
2-172-182-192-202-212-222-232-242-252-262-272-28 
2-29 2-30 2-312-32 


MSP 
LSP 


131 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
161 
115 
14 
13 
12 
11 
10 
9 
8 
6 
4 
0 I 


231 230 229 228 227 226 225 224223 
222 221 220219 
218 217 216 
215 214213 
212 211 210 
29 
28 
27 
26 
25 
24 
23 
22 
21 
2° 


*In this format 
an overflow 
occurs 
in the attempted 
multiplication 
of the two's 
complement 
number 
1.()(X) ... 
(-1) with itself, 
yielding 
a product 
of l.()(x) 


.. or -1. 
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Electrical 
Characteristics 
Over 
Operating 
Range[4] 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output 
HIGH 
Voltage 
Vee 
= Min., 
10H = - 004 mA 
204 
V 


VOL 
Output 
LOW 
Voltage 
Vce = Min., 
10L = 4.0 mA 
004 
V 


VIH 
Input 
HIGH 
Voltage 
2.0 
V 


VIL 
Input 
LOW 
Voltage 
0.8 
V 


10H 
Output 
HIGH 
Current 
Vee=Min., 
VOH=2.4V 
-004 
mA 


10L 
Output 
LOW 
Current 
Vee= 
Min., 
VOL=Oo4V 
4.0 
mA 


IIX 
Input 
Leakage 
Current 
Vss 
S; VIN S; Vee, 
Vee 
= 
Max. 
-10 
10 
IJ-A 


10S[I] 
Output 
Short 
Circuit 
Current 
Vee= 
Max., 
VOUT = OV 
-3 
-30 
mA 


10ZL 
Output 
OFF 
(Hi-Z) 
Current 
Vee= 
Max., 
OE= 
2.0V 
-25 
IJ-A 


10ZH 
Output 
OFF 
(Hi-Z) 
Current 
Vee= 
Max., 
OE= 
2.0V 
25 
IJ-A 


Commercial 
(-38) 
GND 
S; VIN S; VIL or 
40 


Ice 
(QI)[2] 
Supply 
Current 
Military 
(-42) 
VIH S; VIN S; Vee; 
45 
mA 
(Quiescent) 
OE 
= 
HIGH 
All Others 
30 


Ice 
(Q2)[2] 
Supply 
Current 
Commercial 
GND 
S; VIN S; Oo4Vor 
20 


(Quiescent) 
3.85V 
S; VIN S; Vee; 
OE 
= 
HIGH 
mA 


Military 
25 


Ice 
(Max.)[2] 
Supply 
Current 
Commercial 
Vec 
= Max., 
fCLK = 10 MHz; 
100 
mA 


Military 
OE 
= HIGH 
110 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input 
Capacitance 
TA=25°C, 
f= 
I MHz 
8 
pF 
COUT 
Output 
Capacitance 
VCC = 
5.0V 
10 


Notes: 
1. Not more than one output should be tested at a time. Duration of the 


short circuit should not be more than one second. 
2. Two quiescent figures are given for different input voltage ranges. To 


calculate lee at any given clock frequency, use 30 mA + lee (A.C.), 
where lee (A.C.) = (7 mA/MHz) 
x Clock Frequency for the Com- 


mercial temperalure 
range. Ice (A.C.) = (8 mA/MHz) 
x Clock 


Frequency for the Military temperature range. 


3. Tested initalJy and after any design or process changes that may affect 
these parameters. 


4. See the last page of this specification for Group A subgroup testing 


information. 


Output Loads Used for A.C. Performance 
Characteristics 


Normal 
Load 
(Load 
1) 


Rl 
1025Il 


OUTP5u~n 


R2 
40pFI 
817Il 


Three-State 
Delay 
Load 
(Load 
2) 


TO 
500Il 
OUTPUT~ 
PIN" ...L -l. 


5PFLJ 


YX 


THEVENIN 
EQUIVALENT 


455Il 


OUTPUTQ-----JI/I/Ir-- 
2.22Y 


• 


~CiPRfSS 
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Range[2] 


CY7C516 
CY7C517 


7C516·38 
7C516·42 
7C516·45 
7C516·55 
7C516·75 
Parameters 
Description 
Test 
7C517·38 
7C517·42 
7C517·45 
7C517·55 
7C517·75 Units 
Conditions 
Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 


tMUC 
Undocked 
Multiply Time 
58 
65 
65 
75 
100 
ns 


MC 
Clocked Multiply Time 
38 
42 
45 
55 
75 
ns 


S 
Xi, Yi. RND, TCX, TCY Set-up Time 
7 
8 
20 
20 
25 
ns 


tH 
Xi, Yi, RND, TCX, TCY Hold Time 
3 
3 
3 
3 
3 
ns 


SE 
ENX, ENY, ENP Set-up Time (7C517 Only) 
10 
15 
20 
20 
25 
ns 
Load I 


HE 
ENX, ENY, ENP Hold Time (7C517 Only) 
3 
3 
3 
3 
3 
ns 


PWH,tpwL Clock Pulse Width (HIGH and LOW) 
10 
10 
20 
25 
30 
ns 


PDSEL 
MSPSEL to Product Out 
18 
21 
25 
25 
30 
ns 


PDP 
Output Clock to P 
25 
30 
30 
30 
35 
ns 


PDY 
Output Clock to Y 
25 
30 
30 
30 
35 
ns 


PHZ 
OEP Disable Time 
HIGH to Z 
15 
17 
25 
25 
30 
ns 


PLZ 
LOWtoZ 
15 
17 
25 
25 
30 
ns 


PZH 
OEP Enable Time 
ZtoHIGH 
23 
25 
30 
30 
35 
ns 


PZL 
ZtoLOW 
Load 2 
23 
25 
30 
30 
35 
ns 


PHZ 
OEL Disable Time 
HIGHtoZ 
15 
17 
25 
25 
30 
ns 


PLZ 
LOWtoZ 
15 
17 
25 
25 
30 
ns 


PZH 
OEL Enable Time 
ZtoHIGH 
23 
25 
30 
30 
35 
ns 


tPZL 
ZtoLOW 
23 
25 
30 
30 
35 
ns 


Clock Low Hold Time CLKXY 
Load I 
0 
0 
0 
0 
0 
HCL 
Relative to CLKMLll] 
ns 


Notes: 


I. To ensure 
that the correct 
product 
is entered 
in the output 
registers, 
new data may not be entered 
into the input 
registers 
before 
the output 
registers 
have been clocked. 


lIST 
Vx 
OUTPUT 
WAVEFORM 
- 
MEASUREMENT 
LEVEL 


VOH~ 
Alltpo's 
Vcc 
1.5V 
VOL 


tpHZ 
O.DV 
VOH~ 


O.OV 


~2.6V 
'PLZ 
2.6V 
VOL 
0.5'1 


O.QV 
~VOH 
tpZH 
l.SV 
0.0'1 


2.6V~ 
!PZL 
2.6V 
1.5'1 
VOL 


LOW-HI~ 
~--'5V 
=f 


--- 
TpWH 
--- 
TpWl 
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Three-State Timing Diagram 


tpHZ- 
(DISABLE) 
I--tpzH- 


(HIGH LEVEL) 
VOH -o.sv 


(ENABLE) 


(HIGH 
It.4PEDANCE) 


VOL +O.5V 


(LOW LEVEL) 
_tpLZ- 
I--tpZL- 
, 


Timing Diagram 
7C516 


I----- 
T PW ------I 


CLKX 
CLKY 
--'1 


X1N• 
Y1N• 
TCX, TCY, 
RND 


CY7C516 
CY7C517 


Timing Diagram 
7C517 


I----- 
T PW ------I 


I 


X1N• YIN, 


TCX, TCY, 


RND 


• 
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===================================== 


CY7C516 
CY7C517 


NORMALIZED 
SUPPLY CURRENT 


'S. SUPPLY 
VOLTAGE 
1.2 


NORMALIZED 
SUPPLY CURRENT 
vs. AMBIENT 
TEMPERATURE 
1.4 


OUTPUT SOURCE CURRENT 
vs. OUTPUT 
VOLTAGE 


30 
:( 
-S 
25 
>- 


1.0 
1.2 
z 
u 
u 
UJ 
~ 
~ 
'" 
20 
'" 
Cl 
Cl 
::> 
UJ 
UJ 
U 
N 
0.8 
N 
1.0 
UJ 
15 
::; 
::; 
u 
< 
< 
'" 
::E 
::E 
::> 


'" 
'" 
0 
10 
0 
0 
Vl 
z 
0.6 
z 
0.8 
>- 


VIN =5.0V 
::> 
5 
0- 
TA = 25°C 
>- 
::>0 
0.4 
0.6 
4.0 
4.5 
5.0 
5.5 
6.0 
-55 
25 
125 


SUPPLY VOLTAGE (V) 
A~BIENT 
TE~PERATURE (OC) 


NORMALIZED 
FREQUENCY 


vs. SUPPLY 
VOLTAGE 
1.3 


>- 
1.2 
uz 
UJ 
::> 
1.1 
8 
'"•.. 


1.0 
Cl 
UJ 
N::; 
0.9 
< 
::E 
'"0 
0.8 
z 


~ 
V 
TA =25OC 


NORMALIZED 
FREQUENCY 
OUTPUT 
SINK CURRENT 


vs. AMBIENT 
TEMPERATURE 
vs. OUTPUT 
VOLTAGE 


1.6 
35 


>- 
:( 
30 
u 
-S 
z 
UJ 
>- 


25 
::> 
z 
0 
UJ 


UJ 
'" 
'" 
'" 
20 
•.. 
::> 


[;] 
u 
VCC=5.0V 


'" 
15 
N 
z 
TA = 25°C 
::; 
in 
< 
VCC=5.0V 
>- 
10 
::E 
::> 
'" 
0.8 
0- 
0 
>- 
Z 
::> 
5 
0 


0.6 
0 
-55 
25 
125 
0 
1.0 
2.0 
3.0 
4.0 


A~BIENT 
TE~PERATURE(°C) 
OUTPUT VOLTAGE(V) 


NORMALIZED 
CURRENT 
DELAY 
vs. OUTPUT 
LOADING 


4.0 


200 
400 
600 
800 
1000 


CAPACITANCE (pF) 


NORMALIZED 
lee 


'S. FREQUENCY 
1.6 


Jl 


[;] 
1.2 
N::;<::E 
1.0 
'"oz 
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Ordering Information 


Speed 
Ordering 
Package 
Operating 


(ns) 
Code 
Type 
Range 


38 
CY7C5l6-38PC 
P29 
Commercial 


CY7C517-38PC 


CY7C516-38LC 
L81 


CY7C517-38LC 


CY7C516-38JC 
J81 


CY7C517-38JC 


CY7C516-380C 
030 
CY7C517-380C 


CY7C516-38GC 
G68 
CY7C517-38GC 


42 
CY7C516-42LMB 
L81 
Military 
CY7C517-42LMB 


CY7C516-42DMB 
030 
CY7C517-420MB 


CY7C516-42GMB 
G68 
CY7C517-42GMB 


45 
CY7C516-45PC 
P29 
Commercial 


CY7C517-45PC 


CY7C516-45LC 
L81 


CY7C5l7-45LC 


CY7C5l6-45JC 
J81 


CY7C517-45JC 


CY7C516-450C 
030 


CY7C517-450C 


CY7C516-45GC 
G68 
CY7C517-45GC 


Speed 
Ordering 
Package 
Operating 


(ns) 
Code 
Type 
Range 


55 
CY7C516-55PC 
P29 
Commercial 
I 


CY7C517-55PC 


CY7C516-55LC 
L81 


CY7C517-55LC 


CY7C5l6-55JC 
J8l 


CY7C5l7-55JC 


CY7C5l6-55DC 
030 


CY7C5l7-550C 


CY7C516-55GC 
G68 


CY7C517-55GC 


CY7C516-55LMB 
L81 
Military 


CY7C517-55LMB 


CY7C516-550MB 
030 


CY7C517-550MB 


CY7C516-55GMB 
G68 
CY7C517-55GMB 


75 
CY7C516-75PC 
P29 
Commercial 
CY7C517-75PC 


CY7C516-75LC 
L81 


CY7C517-75LC 


CY7C516-75JC 
J81 


CY7C517-75JC 


CY7C516-750C 
030 
CY7C517-750C 


CY7C516-75GC 
G68 
CY7C517-75GC 


CY7C516-75LMB 
L81 
Military 


CY7C5l7-75LMB 


CY7C516-750MB 
030 


CY7C517-750MB 


CY7C516-75GMB 
G68 
CY7C517-75GMB 


Sn 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL 
1,2,3 


IOH 
1,2,3 


IOL 
1,2,3 


IIX 
1,2,3 


IOS 
1,2,3 


IOZL 
1,2,3 


IOZH 
1,2,3 


ICC (QI) 
1,2,3 


Parameters 
Subgroups 


ICC (Q2) 
1,2,3 


Icc 
(Max.) 
1,2,3 


Parameters 
Subgroups 


tMUC 
7,8,9,10,11 


IMC 
7,8,9,10,11 


IS 
7,8,9,10,11 


IH 
7,8,9,10,11 


ISE 
7,8,9,10,11 


IHE 
7,8,9,10,11 


IpWH,lPWL 
7,8,9,10,11 


IPDSEL 
7,8,9,10,11 


IpDP 
7,8,9,10,11 


IpDY 
7,8,9,10,11 


IpHZ 
7,8,9,10,11 


IPLZ 
7,8,9,10,11 


IPZH 
7,8,9,10,11 


IPZL 
7,8,9,10,11 


IPHZ 
7,8,9,10,11 


IPLZ 
7,8,9,10,11 


IPZH 
7,8,9,10,11 


IPZL 
7,8,9,10,11 


IHCL 
7,8,9,10,11 


-- 4 
_. 


_ 
••••• , 
0 
_ 


Of1= "CYPRESS 
, 
SEMICONDUCTOR 


Features 


• 
Fast 
CY7C901-23 
has a 23 ns 
Read Modify-Write 
Cycle; 
Commercial 
25% 
Faster 
than "C" 
Spec 2901 
CY7C901·27 
has a 27 ns 
Read Modify-Write 
Cycle; 


Military 
15% Faster 
than "C" 
Spec 2901 


• 
Low Power 
70 mA (commercial) 
90 mA (military) 


• 
VCC 5V ±10% 


Commercial 
and military 


• 
Eight Function 
ALU 


• 
Infinitely 
expandable 
in 4-bit 
increments 


• 
Four Status 
Flags: 


Carry, 
overflow, 
negative, 
zero 


• 
Capable 
of withstanding 
greater 
than 2000V static 


discharge 
voltage 


that are usually inputs from a microin- 
struction 
register. 


The CY7C901 is expandable 
in 4-bit 


increments, 
has three-state 
data out- 
puts as well as flag output, 
and can use 


either a full look ahead carry or a rip- 
ple carry. 


The CY7C901 
is a pin compatible, 


functional 
equivalent, 
improved 
per- 
formance 
replacement 
for the Am290l. 


The CY7C901 is fabricated 
using an 
advanced 
1.2 micron CMOS process 


that eliminates 
latch up, results in ESD 


protection 
over 2000V and achieves su- 
perior performance 
with low power 


dissipation. 


• 
Pin Compatible 
and Functional 
Equivalent 
to Am2901B, 
C 


Functional 
Description 


The CY7C901 is a high-speed, 
expand- 


able, 4-bit wide ALU that can be used 
to implement 
the arithmetic 
section of 
a CPU, peripheral 
controller, 
or pro- 


grammable 
controller. 
The instruction 
set of the CY7C90 I is basic but yet so 
versatile that it can emulate the ALU 
of almost any digital computer. 


The CY7C90l, 
as illustrated 
in the 


block diagram, 
consists of a 16-word 
by 4-bit dual-port 
RAM register file, a 
4-bit ALU and the required data ma- 
nipulation 
and control logic. 


The operation 
performed 
is determined 
by nine input control lines (10 to Is) 
• 


A, 
OE 


A, 
V, 


A, 
V, 
., 
v, 


'. 
v, 


" 
OVR 


RAMJ 
Cn' 
4 


RAMo 
G 


V" 
F, 


F ~ 0 
GNO 


" 


Co 


"CP 


" 
0, 
0, 


B, 
0, 


B, 
0, 


B, 
0, 


B, 
0, 


0030-2 


0030-1 


~~~ 
==========================================C=Y=7=C9==O=1 


Read Modify-Write Cycle (Min.) in ns 
Operating Ice (Max.) in mA 
Operating Range 
Part Number 


23 
80 
Commercial 
CY7C901-23 


27 
90 
Military 
CY7C901-27 


31 
70 
Commercial 
CY7C90l-3l 


32 
. 
90 
Military 
CY7C901-32 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65°C 
to + 150°C 
Static Discharge 
Voltage 
>200IV 
Ambient 
Temperature 
with 
(Per MIL-STD-883 
Method 3015) 
Power Applied 
- 55°C to + 125°C 
Latchup 
Current 
(Outputs) 
> 200 mA 


Supply Voltage to Ground 
Potential 


(Pin 10 to Pin 30) 
-0.5V 
to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
-0.5V 
to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


Output 
Current 
into Outputs 
(Low) 
30 mA 


Signal 
Name 
I/O 


Ao-A3 
I 


Bo-B3 


10- 18 


00-03 


YO-Y3 
0 


OE 


CP 


Description 


These 4 address lines select one of the registers in 
the stack and output its contents on the (internal) 
A port. 
These 4 address lines select one of the registers in 
the stack and output is contents on the (internal) 
B port. This can also be the destination address 
when data is written back into the register file. 
These 9 instruction lines select the ALV data 
sources (10.1.2), the operation to be performed 
(13,4.5) and what data is to be written into either 
the Q register or the register file (16.7.8). 
These are 4 data input lines that may be selected 
by the 10.1,2 lines as inputs to the ALV. 
These are three-state data output lines that, when 
enabled, output either the output of the ALV or 
the data in the A latches, as determined by the 
code on the 16.7,8 lines. 
Output Enable. This is an active LOW input that 
controls the Yo- Y3 outputs. When this signal is 
LOW the Y outputs are enabled and when it is 
HIGH they are in the high impedance state. 
Clock Input. The LOW level of the clock write 
data to the 16 x 4 RAM. The HIGH level of the 
clock writes data from the RAM to the A-port 
and B-port latches. The operation of the Q 
register is similar. Data is entered into the master 
latch on the LOW level of the clock and 
transferred from master to slave when the clock is 
HIGH. 


I/O 
These two lines are bidirectional and are 
controlled by the 16.7.8 inputs. Electrically they 
are three-state output drivers connected to the 
TTL compatible CMOS inputs. 


Range 
Ambient 
Vee 
Temperature 


Commercial 
O°Cto + 70°C 
5V ± 10% 


Military[l) 
- 55°C to + 125°C 
5V ± 10% 


Note: 
1. TA is the "instant 
on" case temperature. 


Signal 
Name I/O 
Description 


Q3 
I/O Outputs: When the destination code on lines 


RAM3 
16.7, 8 indicates a shift left (UP) operation the 


(Cont.) 
three-state outputs are enabled and the MSB of 
the Q register is output on the Q3 pin and the 
MSB of the ALV output (F3) is output on the 
RAM 3 pin. 
Inputs: When the destination code indicates a 
shift right (DOWN) the pins are the data inputs 
to the MSB of the Q register and the MSB of the 
RAM. 


Qo 
I/O These two lines are bidirectional and function in a 


RAMO 
manner similar to the Q3 and RAM3 lines, except 
that they are the LSB of the Q register and RAM. 
I 
The carry-in to the internal ALV. 
a 
The carry-out from the internal ALV. 


a 
The carry generate and the carry propagate 
outputs of the ALV, which may be used to 
perform a carry look-ahead operation over the 4- 
bits of the ALV. 


OVR 
a 
Overflow. This signal is logically the exclusive- 
OR of the carry-in and the carry-out of the MSB 
of the ALV. This pin indicates that the result of 
the ALV operation has exceeded the capacity of 
the machine. It is valid only for the sign bit and 
assumes two's complement coding for negative 
numbers. 


F = 0 a 
Open drain output that goes HIGH if the data on 
the ALV outputs (Fo. 1,2.3) are all LOW. It 
indicates that the result of an ALV operation is 
zero (positive logic). 


a 
The most significant bit of the ALV output. 


Cn 
Cn +4 
G,P 


A WORD 
ADDRESS 


~ 


A" 
A, 
A, 
A] 


DIRECT 
{~] 


DATA 
2 


INPUTS 
0, 
Do 


ALU 


SOURCE 
OPERAND 


DECODE 


c~ 
en·4 
OVR 


NOTE 
LSB IS NUMBERED 
"0', MSB IS NUMBERED 
"3" 
X 
BlOlRECTIONAL 


4, ~ 
UNIDIRECTIONAL 


iii 


~p= 
WnMlCONDUcrOR 
=================================== 


MicroCode 
ALUSource 
Operands 


Mnemonic 
Octal 
12 
11 
10 
Code 
R 
S 


AQ 
L 
L 
L 
0 
A 
Q 


AB 
L 
L 
H 
I 
A 
B 


ZQ 
L 
H 
L 
2 
0 
Q 


ZB 
L 
H 
H 
3 
0 
B 


ZA 
H 
L 
L 
4 
0 
A 


DA 
H 
L 
H 
5 
D 
A 


DQ 
H 
H 
L 
6 
D 
Q 


DZ 
H 
H 
H 
7 
D 
0 


MicroCode 
ALU 
Mnemonic 
Octal 
Function 
Symbol 
15 
14 
13 
Code 
ADD 
L 
L 
L 
0 
R Plus S 
R+S 


SUBR 
L 
L 
H 
I 
S Minus R 
S-R 


SUBS 
L 
H 
L 
2 
R Minus S 
R-S 


OR 
L 
H 
H 
3 
RORS 
R V S 


AND 
H 
L 
L 
4 
RANDS 
R II S 


NOTRS 
H 
L 
H 
5 
RANDS 
R II S 


EXOR 
H 
H 
L 
6 
REX-ORS 
R l,f S 


EXNOR 
H 
H 
H 
7 
REX-NORS 
R l,f S 


MicroCode 
RAM Function 
Q·Reg. 
RAM 
Q Shifter 
Function 
Y 
Shifter 
Mnemonic 
Output 
Octal 
Shift 
Shift 
Load 
RAMo 
RAM3 
Qo 
Q3 
Is 
17 
16 
Code 
Load 


QREG 
L 
L 
L 
0 
X 
None 
None 
F-Q 
F 
X 
X 
X 
X 


NOP 
L 
L 
H 
1 
X 
None 
X 
None 
F 
X 
X 
X 
X 


RAMA 
L 
H 
L 
2 
None 
F-B 
X 
None 
A 
X 
X 
X 
X 


RAMF 
L 
H 
H 
3 
None 
F-B 
X 
None 
F 
X 
X 
X 
X 


RAMQD 
H 
L 
L 
4 
DOWN 
F/2 
- 
B 
DOWN 
Q/2 
- 
Q 
F 
Fo 
IN3 
Qo 
IN3 


RAMD 
H 
L 
H 
5 
DOWN 
F/2 
- 
B 
X 
None 
F 
FO 
IN3 
Qo 
X 


RAMQU 
H 
H 
L 
6 
UP 
2F - 
B 
UP 
2Q - 
Q 
F 
INo 
F3 
INO 
Q3 
RAMU 
H 
H 
H 
7 
UP 
2F - 
B 
X 
None 
F 
INO 
F3 
X 
Q3 
x = Don't care. Electrically, the input shift pin is a TTL input internally connected to a three-state output which is in the high-impedance state. 
A ~ RegisterAddressedbyA inputs. 
B ~ RegisterAddressedbyB inputs. 
UP is towardMSB,DOWNis towardLSB. 


1210Octal 
0 
1 
2 
3 
4 
5 
6 
7 


ALU 


Source 


Octal 
ALU 
1543 
Function 
A,Q 
A,B 
O,Q 
O,B 
O,A 
D,A 
D,Q 
D,O 


0 
Cn = L 
A+Q 
A+B 
Q 
B 
A 
D+A 
D+Q 
D 


R plus S 
Cn = H 
A+Q+I 
A+B+I 
Q+I 
B+I 
A+I 
D+A+I 
D+Q+l 
D+I 


1 
Cn = L 
Q-A-I 
B-A-I 
Q-I 
B-1 
A-I 
A-D-I 
Q-D-I 
-D-I 
S minus R 
Cn = H 
Q-A 
B-A 
Q 
B 
A 
A-D 
Q-D 
-D 


2 
Cn = L 
A~Q-I 
A-B-I 
-Q-I 
-B-1 
-A-I 
D-A-l 
D-Q-I 
D-I 


RminusS 
Cn = H 
A-Q 
A-B 
-Q 
-B 
-A 
D-A 
D-Q 
D 


3 
RORS 
AVQ 
AVB 
Q 
B 
A 
DVA 
DVQ 
D 


4 
RANDS 
AIIQ 
AIIB 
0 
0 
0 
DIIA 
DIIQ 
0 


5 
RANDS 
AIIQ 
AIIB 
Q 
B 
A 
DIIA 
DIIQ 
0 


6 
REX-ORS 
Al,fQ 
Al,fB 
Q 
B 
A 
Dl,fA 
Dl,fQ 
D 


7 
REX·NORS 
Al,fQ 
Al,fB 
Q 
B 
A 
Dl,fA 
Dl,fQ 
0 


+ = Plus; - = Minus;V ~ OR; fI ~ AND; l,j. ~ EX-OR 
Figure 5. Source Operand 
and ALU Function Matrix 


~PR£SS 
WnICONDUcrOR 


Description 
of Architecture 


General Description 


A block diagram 
of the CY7C901 is shown in Figure 
1. 
The circuit is a 4-bit slice consisting of a register file (16 x 4 
dual port RAM), 
the ALU, the Q register and the neces- 


sary control logic. It is expandable 
in 4-bit increments. 


RAM 


The RAM is addressed 
by two 4-bit address fields (Ao-A3, 
Bo- B3) that cause the data to appear at the A or B (inter- 
nal) ports. If the A and B addresses are the same, the data 
at the A and B ports will be identical. 


New data is written into the RAM location specified by the 
B address when the RAM write enable (RAM EN) is ac- 
tive and the clock input is LOW. Each of the four RAM 
inputs is driven by a 3-input multiplexer 
that allows the 


outputs 
of the ALU (Fo. 1,2,3,) to be shifted one bit posi- 


tion to the left, the right, or not to be shifted. The other 
inputs to the multiplexer 
are from the RAM3 and RAMo 


I/O pins. 


For a shift left (up) operation, 
the RAM3 output buffer is 


enabled and the RAMo multiplexer 
input is enabled. For a 


shift right (down) operation 
the RAMo output buffer is 
enabled and the RAM3 multiplexer 
input is enabled. 


The data to be written into the RAM is applied to the D 
inputs of the CY7C901 and is passed (unchanged) 
through 


the ALU to the RAM location addressed 
by the B word 


address. 


The outputs of the RAM A and B ports drive separate 4- 
bit latches that are enabled (follow the RAM data) when 
the clock is HIGH. 
The outputs 
of the A latches go to 
three multiplexers 
whose outputs drive the two inputs to 


the ALU (Ro, 1,2,3) and (So, 1,2,3) and the (Yo, 1,2,3) chip 
outputs. 


ALU (Arithmetic 
Logic Unit) 


The ALU can perform three arithmetic 
and five logical 


operations 
on two 4-bit input words, Rand 
S. The R inputs 
are driven from four 2-input multiplexers 
whose inputs are 
from either the (RAM) A-port or the external data (D) 
inputs. The S inputs are driven from four 3-input multi- 
plexers whose inputs are from the A-port, the B-port, or 
the 
Q register. 
Both 
multiplexers 
are controlled 
by the 


CY7C901 


10, 1,2 inputs as shown in Figure 2. This configuration 
of 


multiplexers 
on the ALU Rand 
S inputs enables the user 


to select eight pairs of combinations 
of A, B, D, Q and "0" 


(unselected) 
inputs as 4-bits operands 
to the ALU. The 


logical and arithmetic 
operations 
performed 
by the ALU 
upon the data present at its Rand 
S inputs are tabulated 
in 


Figur'!...J. The ALU has a carry-in (Cn) input, carry-propa- 
gate (P) output, 
carry-generate 
(0) output, carry-out 
(Cn + 4) and overflow (OYR) pins to enable the user to (I) 
speed up arithmetic 
operations 
by implementing 
carry 


look-ahead 
logic and (2) determine 
if an arithmetic 
over- 
flow has occurred. 


The ALU data outputs (Fo, 1,2,3) are routed to the RAM, 
the Q register inputs and the Y outputs under control of 
the 16, 7, 8 control signal inputs as shown in Figure 4. In 
addition, 
the MSB of the ALU is output as F3 so that the 


user can examine the sign bit without enabling the three- 
state outputs. 
The F = 0 output, 
used for zero detection, 
is 


HIGH 
when all bits of the F output are LOW. It is an 
open-drain 
output 
which may be wire OR'ed across multi- 
ple 7C90 I processor slices. 
Q Register 


The Q register functions as an accumulator 
or temporary 


storage register. Physically 
it is a 4-bit register implement- 
6 


ed with master-slave 
latches. The inputs to the Q register 
are driven by the outputs from four 3-input multiplexers 
under control of the 16,7, 8 inputs. The Qo and Q3 I/O pins 
function in a manner similar to the RAMo and RAM3 
pins. The other inputs to the multiplexer 
enable the con- 
tents of the Q register to be shifted up or down, or the 
outputs of the ALU to be entered into the master latches. 
Data is entered into the master latches when the clock is 
LOW and transferred 
from master to slave (output) 
when 
the clock changes from LOW to HIGH. 


ALU Source Operand 
and ALU Functions 


The ALU source operands 
and ALU function matrix is 
summarized 
in Figure 5 and separated 
by logic operation 


or arithmetic 
operation 
in Figures 
6 and 7, respectively. 


The 10, I, 2 lines select eight pairs of source operands 
and 


the 13,4, 5 lines select the operation 
to be performed. 
The 


carry-in (Cn) signal affects the arithmetic 
result and the 


internal flags; not the logical operations. 


5J7~=r~ 
=================================================C=Y==7=C=9=O=1 


Conventional 
Addition and Pass-Increment! 


Decrement 


When the carry-in 
is HIGH 
and either a conventional 
ad- 


dition or a PASS operation 
is performed, 
one (1) is added 


to the result. If the DECREMENT 
operation 
is performed 


when the carry-in is LOW, the value of the operand is 
reduced by one. However, 
when the same operation 
is per- 


formed when the carry-in is HIGH, 
it nullifies the DEC- 


REMENT 
operation 
so that the result is equivalent 
to the 


PASS operation. 


Octal 
Group 
Function 
1543,1210 


40 
AND 
AIIQ 


41 
AIIB 


45 
DIIA 


46 
DIIQ 


30 
OR 
AVQ 


3 I 
AVB 


35 
DVA 


36 
DVQ 


60 
EX-OR 
AVQ 


6 I 
AVB 


65 
DVA 


66 
DVQ 


70 
EX-NOR 
AVQ 


7 I 
AVB 


75 
DVA 


76 
DVQ 


72 
INVERT 
Q 


73 
B 


74 
A 
77 
D 


62 
PASS 
Q 


63 
B 


64 
A 


67 
D 


32 
PASS 
Q 


33 
B 


34 
A 
37 
D 


42 
"ZERO" 
0 
43 
0 


44 
0 
47 
0 


50 
MASK 
AIIQ 


5 I 
AIIB 


55 
DIIA 


56 
DIIQ 


Subtraction 


Recall that in two's complement 
integer coding 
- I is 
equal to all ones and that in one's complement 
integer cod- 


ing zero is equal to all ones. To convert a positive integer to 
its two's complement 
(negative) equivalent, 
invert (comple- 
ment) the number and add I to it; i.e., TWC = ONe 
+ 
), 


In Figure 7 the symbol 
- Q represents 
the two's comple- 


ment 
of Q so that 
the 
one's 
complement 
of Q is then 
-Q -), 


Octal 
Cn = o (Low) 
Cn = I (High) 


1543,1210 
Group 
Function 
Group 
Function 


00 
A+Q 
A+Q+I 


01 
ADD 
A+B 
ADD plus 
A+B+I 


05 
D+A 
one 
D+A+l 


06 
D+Q 
D+Q+I 


02 
Q 
Q+l 


03 
PASS 
B 
Increment 
B+I 


04 
A 
A tl 


07 
D 
D+I 


12 
Q-I 
Q 


13 
Decrement 
B-1 
PASS 
B 


14 
A-I 
A 


27 
D-I 
D 


22 
-Q-I 
-Q 
23 
l'sComp. 
-B-1 
2'sComp. 
-B 
24 
-A-I 
(Negate) 
-A 


17 
-D-I 
-D 


10 
Q-A-I 
Q-A 


II 
B-A-I 
B-A 


15 
A-D-I 
A-D 


16 
Subtract 
Q-D-I 
Subtract 
Q-D 
20 
(l's Comp.) 
A-Q-I 
(2's Comp.) 
A-Q 


2 I 
A-B-I 
A-B 


25 
D-A-I 
D-A 
26 
D-Q-I 
D-Q 


~PRESS 
_nEMICONIJUCTOR 
_ 


Logic Functions for G, P, en + 4, and OVR 


The 
four 
signals 
G. P, Cn + 4. and 
OVR 
are designed 
to 
indicate 
carry 
and 
overflow 
conditions 
when 
the CY7C901 


is in the add 
or subtract 
mode. 
The 
table 
below 
indicates 


the 
logic 
equations 
for these 
four 
signals 
for each 
of the 


eight 
ALU 
functions. 
The 
Rand 
S inputs 
are the two 
in- 


puts 
selected 
according 
to Figure 2. 


Definitions 
(+ 
= OR) 


Po = Ro 
+ 
So 
GO = RoSo 


PI = R} 
+ 
S\ 
G\ 
= R\S\ 
P2 = R2 + 52 
G2 = R2S2 


P3 = R3 
+ 
S3 
G3 = R3S3 


C4 = G3 
+ 
P3G2 
+ 
P3P2G\ 
+ 
P3P2GO 
+ 
P3P2P\POCn 


C3 = G2 
+ 
P2GI 
+ 
P2PIGO 
+ 
P2PIPOCn 


1543 
Function 
P 
G 
CN+4 
OVR 


0 
R+S 
P3P2PIPO 
G3 + P3G2 + P3P2GI 
+ P3P2P1GO 
C4 
C3 ¥ C4 


1 
S-R 
+- 
Same as R + S equations, 
but substitute 
Rj for Rj in definitions 
~ 


2 
R-S 
+- 
Same as R + S equations, 
but substitute 
Sj for Sj in definitions 
~ 


3 
RVS 
LOW 
P3P2P\PO 
P3P2P \Po + Cn 
P3P2PI Po + Cn 


4 
R/\S 
LOW 
G3+G2+GI 
+Go 
G3+G2 
+Gj 
+Go+Cn 
G3+G2+Gj 
+Go+Cn 


5 
R/\S 
LOW 
+- Same as R /\ S equations, 
but substitute 
Rj for Rj in definitions 
~ 


6 
R ¥ S 
+- 
Same as R ¥ S, but substitute 
Rj for Rj in definitions 
~ 


7 
R ¥ S 
G3+G2+G\ 
+Go 
G3 + P3G2 + P3P2Gj 
+ P3P2PIPO 
G3 + P3G2 + P3P2G 1 
See note 
+ P3P2P\PO 
(Go+ 
Cn) 


Notes: 
[P2 + G2P, + ChG,Po + G2G,GoCnl V [1'3 + ChP2 + ChG21', + G]G2G,I'O + G3G2G,GoCnl 
+ ~ OR 


~EM~COCI~ 
===================================================C==Y=7=C=9=O=1 
Electrical Characteristics Over Commercial 
and Military Operating 
RangeD] 


Vcc Min. = 4.5V, VCC Max. = 5.5V 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min. 
2.4 
V 
IOH = -3.4 
mA 


Vcc = Min. 
VOL 
Output LOW Voltage 
IOL = 20 mA Commercial 
0.4 
V 


IOL = 16 mA Military 


VlH 
Input HIGH Voltage 
2.0 
Vee 
V 


VIL 
Input LOW Voltage 
-3.0 
0.8 
V 


IIX 
Input Leakage Current 
Vss s: VIN s: Vee 
-10 
10 
/LA 
Vce = Max. 


IOH 
Output HIGH Current 
Vee = Min. 
-3.4 
mA 
VOH = 2.4V 


Vee = Min. 
Commercial 
20 
IOL 
Output LOW Current 
mA 
VOL = O.4V 
Military 
16 


Ioz 
Output Leakage Current 
Vee = Max. 
+40 
/LA 
VOUT = Vss to Vee 
-40 
/LA 


Ise 
Output Short Circuit Current[Il 
Vee = Max. 
~85 
mA 
VOUT = OV 


Commercial -31 
70 


Ice 
Supply Current 
Vee = Max. 
Commercial -23 
80 
mA 


Military -27, -32 
90 


VIH"' 
Vee- 
I.2V,IOMHz 
Commercial 
26.5 
Ice! 
Supply Current 
mA 
VIL s: O.4V 
Military 
31 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25°C. f= I MHz 
5 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
7 


Notes: 


I. Not more 
than one output 
should 
be tested 
at a time. Duration 
of the 


short circuit should not be more than one second. 


2. Tested 
initially 
and after any design 
or process 
changes 
that may 


affect 
these 
parameters. 


'5 V 


~ 270 U 


VO~ 
I 


CL 
Ti 


200n 


VOUT 


J. 


CL 


150!l 


Notes: 


I. CL = 50 pF includes 
scope 
probe, 
wiring 
and stray capacitance. 


2. CL = 5 pF for output 
disable 
tests. 


3. Loads 
shown 
above 
are for commercial 
(20 mAl IOL spec only. 


CY7C901-23 Commercial and 
CY7C901-27 Military 
AC Performance 
Characteristics 


The tables below specify the guaranteed 
AC performance 


of these devices over the Commercial 
(O°C to 70°C) and 


Military 
( - 55°C to + 125°C) operating 
temperature 
range 


with VCC varying from 4.5V to 5.5V. All times are in 
nanoseconds 
and are measured 
between the 1.5V signal lev- 


els. The inputs switch between OV and 3V with signal tran- 
sition rates of 1V per nanosecond. 
All outputs 
have maxi- 


mum DC current 
loads. See "Electrical 
Characteristics" 


for loading circuit information. 


This data applies to parts with the following numbers: 


CY7C90 1-23PC 
CY7C90 1-23DC 
CY7C90 1-23LC 


CY7C901-23JC 
CY7C901-27DMB 
CY7C901-27LMB 


Combinational 
Propagation 
Delays. 
CL = 50 pp[5] 


CY7C901 
-23 
-27 


Read-Modify-Write Cycle (from 
21 ns 
27 ns 
selection of A, B registers to 
end of cycle). 


Maximum Clock Frequency to shift Q 
43 MHz 
37 MHz 


(50% duty cycle, I = 432 or 632) 
Minimum Clock LOW Time 
13 ns 
15 ns 


Minimum Clock HIGH Time 
10 ns 
12 ns 


Minimum Clock Period 
23 ns 
27 ns 


To Output 
Y 
F3 
Cn+4 
G,fi 
F=O 
OVR 
RAMo 
Qo 


From Input 
RAM3 
Q3 


CY7C901 
23 
27 
23 
27 
23 
27 
23 
27 
23 
27 
23 
27 
23 
27 
23 
27 
A, B Address 
30 
33 
30 
33 
30 
33 
28 
33 
30 
33 
30 
33 
30 
33 
- 
- 
Data 
21 
24 
20 
23 
20 
23 
20 
21 
24 
25 
21 
24 
22 
25 
- 
- 
Cn 
17 
18 
16 
17 
14 
14 
- 
- 
18 
19 
16 
17 
18 
19 
- 
- 


1012 
26 
28 
25 
27 
24 
26 
24 
28 
25 
29 
24 
27 
25 
27 
- 
- 
1345 
26 
27 
24 
27 
24 
26 
24 
26 
26 
27 
24 
26 
26 
27 
- 
- 


1678 
16 
18 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
21 
21 
21 
21 
A BypassALU 
24 
26 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
(I = 2XX) 
Clock.f 
24 
27 
23 
26 
23 
26 
23 
25 
24 
27 
24 
26 
24 
27 
19 
20 


CP: 
~ 
V- 
--- -- 


Input 
Set-upTime 
Hold Time 
Set-up Time 
Hold Time 


BeforeH 
-+ L 
AfterH 
-+ L 
BeforeL 
-+ H 
AfterL 
-+ H 


CY7C901 
23 
27 
23 
I 
27 
23 
I 
27 
23 
I 
27 


A, B Source Address 
10 
12 
0 
21,10+ 
tpwL 
0 
(Note 3) 
(Note 4) 


B Destination Address 
10 
12 
+- 
Do Not Change 
-+ 
0 
Data 
- 
- 
- 
16 
0 
Cn 
- 
- 
- 
13 
0 
1012 
- 
- 
- 
19 
0 


1345 
- 
- 
- 
19 
0 
1678 
7 
9 
+- 
Do Not Change 
-+ 
0 
RAMo. 3.QO,3 
- 
- 
- 
9 
0 


5 pP and measured 
to 0.5V change of output 
voltage level. 


3. Source addresses must be stable prior to the clock H ----. L transition 


to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed ifit is 
not a destination; i.e. if data is not being written back into the RAM. 
Normally A and B are not changed during the clock LOW lime. 


4. The set-up time prior to the clock L 
---+ 
H transition is to allow time 


for data to be accessed, passed through the ALU. and returned to the 
RAM. It includes all the time from stable A and B addresses to the 
clock L ~ 
H transition, regardless of when the clock H ~ 
L 


transition occurs. 


5. See the last page of this specification for Group A subgroup testing 
information. 


Output Enable/Disable 
Times[S] 


Output 
disable tests performed 
with CL = 


Notes: 
1. A dash indicates a propagation delay path or set·up time constraint 


does not exist. 


2. Certain signals must be stable during the entire clock LOW time to 


avoid erroneous operation. This is indicated by the phrase "do not 
change". 


• 
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The tables below specify the guaranteed 
AC performance 
of these devices over the Commercial 
(O'C to 70'C) and 


Military 
( - 55'C to + 125'C) operating 
temperature 
range 
with Vcc varying from 4.5V to 5.5V. All times are in 
nanoseconds 
and are measured 
between the 1.5V signal lev- 


els. The inputs switch between OV and 3V with signal tran- 
sition rates of IV per nanosecond. 
All outputs 
have maxi- 


mum DC current 
loads. See "Electrical 
Characteristics" 
for loading circuit information. 


This data applies to parts with the following numbers: 


CY7C901-31PC 
CY7C901-3IDC 
CY7C901-31LC 
CY7C901-3IJC 
Combinational 
Propagation 
Delays. 
CL = 50 pF[S] 


CY7C901-31 Commercial and 
CY7C901-32 Military 
AC Performance 
Characteristics 
CY7C901- 
-31 
-32 
Read-Modify-Write 
Cycle (from 
31 ns 
32 ns 


selection of A, B registers to 
end of cycle). 


Maximum Clock Frequency to shift Q 
32 MHz 
31 MHz 


(50% duty cycle, I = 432 or 632) 
Minimum Clock LOW Time 
16 ns 
17 ns 


Minimum Clock HIGH Time 
15 ns 
15 ns 


Minimum Clock Period 
31 ns 
32 ns 


To Output 
Y 
F3 
Cn+4 
G,1i 
F=O 
OVR 
RAMO 
Qo 


RAM3 
Q3 
From Input 
-31 
-32 
-31 
-32 
-31 
-32 
-31 
-32 
-31 
-32 
-31 
-32 
-31 
-32 
-31 
-32 
A, B Address 
40 
48 
40 
48 
40 
48 
37 
44 
40 
48 
40 
48 
40 
48 
- 
- 


D 
30 
37 
30 
37 
30 
37 
30 
34 
38 
40 
30 
37 
30 
37 
- 
- 


Cn 
22 
25 
22 
25 
20 
21 
- 
- 
25 
28 
22 
25 
25 
28 
- 
- 


1012 
35 
40 
35 
40 
35 
40 
37 
44 
37 
44 
35 
40 
35 
40 
- 
- 


1345 
35 
40 
35 
40 
35 
40 
35 
40 
38 
40 
35 
40 
35 
40 
- 
- 


1678 
25 
29 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
26 
29 
26 
29 
A BypassALU 
35 
40 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
(I = 2XX) 
Clock --' 
35 
40 
35 
40 
35 
40 
35 
40 
35 
40 
35 
40 
35 
40 
28 
33 


" , 


CP: 
.- 
f- 
---1--- 


Input 
Set-up Time 
Hold Time 
Set-up Time 
Hold Time 
BeforeH 
-. 
L 
AfterH 
-. 
L 
BeforeL 
-. 
H 
AfterL 
-. 
H 


A, B Source Address 
15 
0 
30,15 + tpWL 
0 
(Note 3) 
(Note 4) 
B Destination Address 
15 
+- 
Do Not Change 
-. 
0 
D 
- 
- 
25 
0 


Cn 
- 
- 
20 
0 


1012 
- 
- 
30 
0 


1345 
- 
- 
30 
0 


1678 
10 
+- 
Do Not Change 
-. 
0 
RAMo. 3,QO. 3 
- 
- 
12 
0 


Output Enable/Disable 
Times[S] 


Output 
disable tests performed 
with CL = 5 pF and measured 
to 0.5V change of output voltage level. 


3. Source addresses must be stable prior to the clock H 
---+- 
L transition 
to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if it is 
not a destination; Le. if data is not being written back into the RAM. 
Nonnally A and B are not changed during the clock LOW lime. 


4. The set-up time prior to the clock L ---+ 
H transition is to allow time 


for data to be accessed, passed through the ALU. and returned to the 
RAM, It includes all the time from stable A and B addresses to the 
clock L ---+ H transition, regardless of when the clock H 
---+ L 
transition occurs. 


5, See the last page of this specification for Group A subgroup testing 


information. 


Noles: 
I. A dash indicates a propagation delay path or set·up time constraint 


does not exist. 


2. Certain signals must be stable during the entire clock LOW time to 
avoid erroneous operation, This is indicated by the phrase "do not 
change", 


WAEMrgrnKTOR 
=================================================C=Y==7=C=9=O=1 
Minimum Cycle Time Calculations for 16·Bit Systems 


Speed used in calculations 
for parts other than CY7C901 are representative 
for MSI parts. 


Data Loop 
Control 
Loop 


CY7C245 
Clock to Output 
12 
CY7C245 
Clock to Output 
CY7C901 
A,BtoG,'!' 
28 
MUX 
Select to Output 
Carry 
Logic 
GQ,PotoCn+z 
9 
CY7C91O 
CCtoOutput 


CY7C901 
Cn to Worst Case 
18 
CY7C245 
Access Time 
Register 
Setup 
4 


12 
12 
22 
20 


66 ns 


G, P 


RAt.43 
CY7C90t 


(1) 


CY7C245 
CY7C901 
Carry 
Logic 
CY7C901 
XORandMUX 


Data Loop 


Clock to Output 
A.BtoG.!, 
Go. Po to Cn + Z 
Cn to Worst Case 
Prop. Delay, Select 
to Output 
RAM3 Setup 


12 
12 
22 
20 


66 ns 


Control 
Loop 


Clock to Output 
Select to Output 
CCtoOutput 
Access Time 


CY7C245 
MUX 
CY7C91O 
CY7C245 


• 


NORMALIZED 
SUPPLY CURRENT 


vs. SUPPLY 
VOLTAGE 
1.2 


NORMALIZED 
SUPPLY CURRENT 
vs. AMBIENT 
TEMPERATURE 
1.4 


u 
1.0 
u 
1.2 
2 
2 
8 
8 


N 
0.8 
N 
1.0 
::; 
::; 
..• 
..• 
~ 
~ 
'" 
'" 
0 
0 
z 
0.6 
z 
0.8 
VIN =5.0V 
TA = 25°C 


0.4 
0.6 
4.0 
4.5 
5.0 
5.5 
6.0 
-55 
25 
125 


5UPPL Y VOLTAGE (V) 
AMBIENT TEMPERATURE(OC) 


NORMALIZED 
FREQUENCY 


vs. SUPPLY VOLTAGE 
1.3 


>- 
1.2 
uz... 
::> 
1.1 
8 
'""- 
1.0 
0... 
N::; 
0.9 
..•~ 
'"0 
0.8 
z 
-- 
/' 
TA = 25°C 


NORMALIZED 
FREQUENCY 
OUTPUT 
SINK CURRENT 


vs. AMBIENT 
TEMPERATURE 
vs. OUTPUT 
VOLTAGE 


1.6 
140 


>- 
~ 
120 
(J 
1.4 
..s 
~ 
•... 


100 
::> 
~ 
0... 
1.2 
'" 
E"' 
'" 
BO 
::> 
8 


(J 
vcc = 5.0V 


"" 
60 
N 
1.0 
z 
TA=25°C 
::; 
Vi 
..• 
VCC= 5.0V 
•... 
40 
~ 
'" 


::> 
0.8 
a- 
0 
•... 
z 
::> 
20 
0 


0.6 
0 
-55 
25 
125 
0 
1.0 
2.0 
3.0 
4.0 


AMBIENT TEMPERATURE(OC) 
OUTPUT VOLTAGE (V) 


NORMALIZED 
OUTPUT 
DELAY 
vs. OUTPUT 
LOADING 
1.6 


200 
400 
600 
800 
1000 


CAPACITANCE (pF) 


NORMALIZED 
lee 
vs. FREQUENCY 
1.1 


_tl 
8 
0.9 
N::;..• 
~ 
0.8 
'"oz 


OUTPUT 
SOURCE CURRENT 


vs. OUTPUT 
VOLTAGE 


60 


10 
15 
20 
25 
30 
35 


FREQUENCY(MHz) 


Read 
Modify- 
Ordering Code 
Package 
Operating 


Write 
Type 
Range 


Cycle (ns) 


23 
CY7C901-23PC 
PI7 
Commercial 
CY7C901-23DC 
DI8 
Commercial 


CY7C901-23JC 
J67 
Commercial 


CY7C901-23LC 
L67 
Commercial 


27 
CY7C901-27DMB 
DI8 
Military 
CY7C901-27LMB 
L67 
Military 


31 
CY7C901-3IPC 
PI7 
Commercial 
CY7C901-3lDC 
DI8 
Commercial 
CY7C901-3IJC 
J67 
Commercial 


CY7C901-31LC 
L67 
Commercial 


32 
CY7C901-32DMB 
DI8 
Military 
CY7C901-32LMB 
L67 
Military 


18 
17 


RAM3 
RAMO 
Vcc 
,=0 
10 
I, 


12 


CP 


NC 


5 
4 3 
2 111444342 41 40 
•....• 
39 


38 
37 
36 
35 


34 
33 


32 


31 


30 


17 
29 


1819202122232425262728 


NC 
P 


OVR 
en+4 


G 
'3 
GND 
Cn 
14 


15 


13 
• 


~PR55 
'nICONDOCTOR 
_ 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 
DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VILMax. 
1,2,3 


IIX 
1,2,3 


IOZ 
1,2,3 
, 


ISC 
1,2,3 


ICC 
1,2,3 


ICCI 
1,2,3 


Parameters 
Subgroups 


Minimum Clock LOW Time 
7,8,9,10,11 


Minimum Clock HIGH Time 
7,8,9,10, II 


Parameters 
Subgroups 


From A, B Address to Y 
7,8,9,10,11 


From A, B Address to F3 
7,8,9,10,11 


From A, B Address to Cn + 4 
7,8,9,10,11 


From A, B Address to G, P 
7,8,9,10, II 


From A, B Address to F = 0 
7,8,9,10,11 


From A, B Address to OVR 
7,8,9,10,11 


From A, B Address to RAMO, 3 
7,8,9,10,11 


From DtoY 
7,8,9,10,11 


From D toF3 
7,8,9,10, II 


From D to Cn+4 
7,8,9,10,11 


From D to G, P 
7,8,9,10,11 


From D to F = 0 
7,8,9,10,11 


From DloOVR 
7,8,9,10,11 


From D to RAMO, 3 
7,8,9,10, II 


From Cn to Y 
7,8,9,10,11 


From Cn to F3 
7,8,9,10,11 


Parameters 
Subgroups 


From Cn to Cn+4 
7,8,9,10,11 


From Cn to F = 0 
7,8,9,10,11 


From Cn to OVR 
7,8,9,10,11 


From Cn to RAMO, 3 
7,8,9,10,11 


From 1012to Y 
7,8,9,10,11 


From 1012to F3 
7,8,9,10,11 


From IOl2to Cn+4 
7,8,9,10,11 


From 1012to G, P 
7,8,9,10,11 


From 1012to F=O 
7,8,9,10,11 


From 1012to OVR 
7,8,9,10,11 


From 1012to RAMO, 3 
7,8,9,10,11 


From 1345to Y 
7,8,9,10,11 


From 1345to F3 
7,8,9,10,11 


From 1345to Cn +4 
7,8,9,10,11 


From 134510G, P 
7,8,9,10,11 


From 1345to F=O 
7,8,9,10,11 


From 1345to OVR 
7,8,9,10,11 


From 1345to RAMO, 3 
7,8,9,10,11 


From 1678to Y 
7,8,9,10,11 


From 1678to RAMO, 3 
7,8,9,10,11 


From 1678to Qo, 3 
7,8,9,10,11 


From A Bypass ALU to Y 
7,8,9,10,11 


(I = 2XX) 


From Clock ....r to Y 
7,8,9,10,11 


From Clock ....r to F3 
7,8,9,10,11 


From Clock ....r to Cn+ 4 
7,8,9,10,11 


From Clock ....r to G, P 
7,8,9,10, II 


From Clock ....r to F = 0 
7,8,9,10, II 


From Clock ....r to OVR 
7,8,9,10,11 


From Clock ....r 10RAMO,3 
7,8,9,10,11 


From Clock ....r to Qo, 3 
7,8,9,10,11 
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Set-up and Hold Times Relative to Clock (CP) Input 


Parameters 
Subgroups 


A, B Source 
Address 
7,8,9,10,11 
Set-up 
Time 
Before 
H -'L 


A, B Source 
Address 
7,8,9,10,11 
Hold 
Time 
After 
H 
-. 
L 


A, B Source 
Address 
7,8,9,10,11 
Set-up 
Time 
Before L -. 
H 


A, B Source 
Address 
7,8,9,10,11 
Hold 
Time 
After L -. 
H 


B Destination 
Address 
7,8,9,10,11 
Set-up 
Time 
Before 
H 
-. 
L 


B Destination 
Address 
7,8,9,10, 
II 
Hold 
Time 
After 
H 
-. 
L 


B Destination 
Address 
7,8,9,10,11 


Set-up 
Time 
Before L -. 
H 


B Destination 
Address 
7,8,9,10,11 


Hold 
Time 
After L -. 
H 


D Set-up 
Time 
Before L -. 
H 
7,8,9,10,11 


Parameters 
Subgroups 


D Hold 
Time 
After L -. 
H 
7,8,9,10,11 


Cn Set-up 
Time 
Before L -. 
H 
7,8,9,10,11 


Cn Hold 
Time 
After L -. 
H 
7,8,9,10,11 


1012 Set-up 
Time 
Before L -. 
H 
7,8,9,10,11 


1012 Hold 
Time 
After L -. 
H 
7,8,9,10,11 


1345 Set-up 
Time 
Before L -. 
H 
7,8,9,10,11 


1345 Hold 
Time 
After L -. 
H 
7,8,9,10,11 


1678 Set-up 
Time 
Before 
H 
-. 
L 
7,8,9,10,11 


1678 Hold Time 
After 
H 
-. 
L 
7,8,9,10,11 


1678 Set-up 
Time 
Before L -. 
H 
7,8,9,10,11 


1678 Hold Time 
After L -. 
H 
7,8,9,10,11 


RAMO, RAM3, 
Qo, Q3 
7,8,9,10,11 


Set-up 
Time 
Before L -. 
H 


RAMo, 
RAM3, 
Qo, Q3 
7,8,9,10,11 


Hold Time 
After L -. 
H 


CYPRESS 
SEMICONDUCTOR 


Features 


• 
Fast 
- 
CY7C909/11 
has a 30 ns 


(min.) clock to output 
cycle 
time; commercial 
and military 


• 
Low Power 
- 
Ice 
(max.) 
= 55 mA; 


commercial 
and military 


• 
Vee 
margin 
- 
5 V ± 10% 


- 
All parameters 
guaranteed 
over commercial 
and military 
operating 
temperature 
range 


• 
Expandable 
Infinitely 
expandable 
in 4-bit 
increments 


REGISTER 
ENA.BLE 
Rf) 


OUTPUT 


ENABLE 


i5E 


• 
Capable 
of withstanding 
greater 
than 2000V static 
discharge 
voltage 


• 
Pin compatible 
and functional 
equivalent 
to 2909A/2911A 


Description 


The CY7C909 and CY7C911 are high- 
speed, four-bit wide address sequencers 
intended 
for controlling 
the sequence 
of execution of microinstructions 
con- 
tained in microprogram 
memory. They 
may be connected 
in parallel to expand 
the address width in 4 bit increments. 
Both devices are implemented 
in high 
performance 
CMOS for optimum 
speed and power. 


The CY7C909 can select an address 
from any of four sources. They are: 


Pin Configurations 


"' 


Vee 
CP 


R, 
2 
CP 
VCC 
R, , 
PUP 
Rl' 


R, 
• 
fE 


Ro 
5 
en•4 
0, 


OR, 
• 
CO 
O2 


0, 
7 
OE 
0, 


7C909 


OR2 
8 
Y, 
00 
O2 
• 
Y, 
GNO 


OR, 
10 
,. 
Y, 
ZERO 
0, 
11 
'8 
Yo 


ORo 
12 
'7 
5, 
So 


Do 
13 
,. 
So 


eND 
,. 
15 
ZERO 


0042-2 


u 
•. 


r% CIl::Na:I"lI~>u~ ;r 


CMOS Micro Program 


Sequencers 


I) a set of four external direct inputs 
(D;); 2) external data stored in an inter- 
nal register (Rj); 3) a four word deep 
push/pop 
stack; or 4) a program 
coun- 
ter register (which usually contains 
the 
last address plus one). The push/pop 
stack includes control lines so that it 
can efficiently execute nested subrou- 
tine linkages. Each of the four outputs 
(Yj) can be OR'ed with an external in- 
put for conditional 
skip or branch in- 
structions. 
A ZERO input line forces 


the outputs 
to all zeros. The outputs 
are three state, controlled 
by the 


Output 
Enable (OE) input. 


The CY7C911 is an identical circuit to 
the CY7C909, 
except the four OR in- 


puts are removed and the D and R in- 
puts are tied together. 
The CY7C911 is 


available in a 20-pin, 300-mil package. 


,. '-.../ 


20 


2 
'9 


3 
18 
• 
17 


[ 
5 
16 ] 
legl1 
6 
15 


7 
,. 


8 
13 


9 
lZ 


'0 
11 


• 
3 
2 ~28 
27 26 


3 
2 ~20 
19 
RO 
5 
25 
FE 


OR, 
6 
,. en+-4 
03 • 
18 
en+4 


03 
7 
23 
Cn 
O2 
5 
17 
Cn 


OR2 
B 
7C909 
22 
6E 
0, 
6 
7C9" 
16 
6E 


O2 • 
21 
Y, 
00 
7 
'5 
V3 


OR, 
'0 
20 
Y2 
GNO 
8 
,. 
V2 


0, 
11 
,. 


Y, 
9 
1011 
1213 


12131415161718 


~ 
CY7C909 
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Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65°C 
to + 150°C 
Static Discharge 
Voltage 
>200IY 
Ambient 
Temperature 
with 
(per MIL-STD-883 
Method 3015) 


Power Applied 
- 55°C to + 125°C 
Latch-Up 
Current 
> 200 mA 


Supply Voltage to Ground 
Potential 
-0.5Y 
to + 7.0Y 


DC Voltage Applied to Outputs 
in High Z State 
-0.5Y 
to + 7.0Y 


DC Input Voltage 
- 3.0Y to + 7.0Y 


Output 
Current, 
into Outputs 
(Low) 
30 mA 


Range 
Ambient 
YCC 
Temperature 


Commercial 
O°Cto +700C 
5V ± 10% 


Military[3] 
- 55°C to + 125°C 
5V ± 10% 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min.,IOH 
= -2.6 
mA (Comm.) 
204 
V 


VCC = Min.,IOH 
= - \.0 mA (Mil.) 
204 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 16.0 mA 
004 
V 


VlH 
Input High Voltage 
2.0 
Vce 
V 


VIL 
Input Low Voltage 
-2.0 
0.8 
V 


IIX 
Input Load Current 
GND;;; 
VI;;; Vec 
-10 
+10 
!LA 


loz 
Output Leakage 
GND;;; 
VO;;; Vee 
-20 
+20 
!LA 
Current 
Output Disabled 


los 
Output Shordl] 
Vee = Max. 
VOUT = GND 
-30 
-85 
mA 
Circuit Current 


Ice 
Vee Operating 
Vee = Max. 
Commercial 
55 
mA 
Supply Current 
lOUT = OmA 
Military 
55 


leel 
Vce Operating 
Vcc = Max. 
Commercial 
35 
mA 
Supply Current 
VlH ;;, 3.0V, VIL ;;; Oo4V 
Military 
35 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25°C,f= 
I MHz 
5 
pF 
COUT 
Output Capacitance 
Vce = 5.0V 
7 


Notes: 
1. Not more than 1output should be shorted at one time. Duration of 


the short circuit should not exceed 30 seconds. 
2. Tested initially and after any design or process changes that may 


affect these parameters. 


3. TA is the "instant on" case temperature. 
4. See the last page of this specification for Group A subgroup testing 


information. 


R1 
5VTI 


OUTPUT 


50 pi 
R2 


INCLUDING I _ 


JIG AND 


SCOPE 


R1 
5VTI 


OUTPUT 


5pl 
R2 


INCLUDING I _ 


JIG AND 
SCOPE 


ALL 
INPUT 
PULSES 


3.0V~0% 
90% 


GND 
10% 
10% 


~5ns- 
- 
~ 5ns 


Military 


258!l 


216!l 


254!l 


187!l 
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7C909-30 
7C909-30 
7C909-40 
7C909·40 
Units 
7C911-30 
7C911-30 
7C911-40 
7C911-40 
, 


Commercial 
Military 
Commercial 
Military 


Minimum Clock Low Time 
15 
15 
20 
20 
ns 


Minimum Clock High Time 
15 
15 
20 
20 
ns 


MAXIMUM 
COMBINATIONAL 
PROPAGATION 
DELAYS 


From Input To: 
Y 
CN + 4 
Y 
CN + 4 
Y 
CN + 4 
Y 
CN + 4 
ns 


Dj 
17 
18 
18 
19 
17 
22 
20 
25 
ns 


SO,SI 
18 
18 
20 
20 
29 
34 
29 
34 
ns 


OR; (7C909) 
16 
16 
17 
17 
17 
22 
20 
25 
ns 


CN 
- 
13 
- 
15 
- 
14 
- 
16 
ns 


ZERO 
18 
18 
20 
20 
29 
34 
30 
35 
ns 


OE Low to Output 
16 
- 
18 
- 
25 
- 
25 
- 
ns 


OE HIGH to HIGH Z[5] 
16 
- 
18 
- 
25 
- 
25 
- 
ns 


Clock HIGH, S" So = LH 
20 
20 
22 
22 
39 
44 
'45 
50 
ns 


Clock HIGH, SI, So = LL 
20 
20 
22 
22 
39 
44 
45 
50 
ns 


Clock HIGH, SI, So = HL 
20 
20 
22 
22 
44 
49 
53 
58 
ns 


MINIMUM 
SET·UP AND HOLD TIMES (All Times Relative to Clock LOW to HIGH 
Transition) 


From Input 
Set·up 
Hold 
Set·up 
Hold 
Set·up 
Hold 
Set·up 
Hold 


RE 
II 
0 
12 
0 
19 
0 
19 
0 
ns 


Rj [6] 
10 
0 
II 
0 
10 
0 
12 
0 
ns 


Push/Pop 
12 
0 
13 
0 
25 
0 
27 
0 
ns 


FE 
12 
0 
13 
'0 
25 
0 
27 
0 
ns 


CN 
10 
0 
II 
0 
18 
0 
18 
0 
ns 


D; 
14 
0 
16 
0 
25 
0 
25 
0 
ns 


OR; (7C909) 
12 
0 
14 
0 
25 
0 
25 
0 
ns 


SO,S, 
14 
0 
16 
0 
25 
0 
29 
0 
ns 


ZERO 
12 
0 
13 
0 
25 
0 
29 
0 
ns 


Notes: 
5. Output Loading as in Figure lb. 
6. Rj and Dj are internally connected on the CY7C91I. Use Rj set-up 


and hold times when Dj inputs are used to load register. 


-INPUT 
TO OUTPU~- 
• 
CLOCKTO OUTPUT---- 
• 
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Functional 
Description 


The tables below define the control logic of the 7C909/911. 
Table I contains 
the Multiplexer 
Control 
Logic which se- 


lects the address source to appear on the outputs. 


Table 1. Address Source Selection 


Table 3 illustrates 
the Output 
Control 
Logic of the 


7C909/911. 
The ZERO control forces the outputs 
to zero. 


The OR inputs are OR'ed 
with the output 
of the multiplex- 


er. 


OcrAL 
SI 
So 
SOURCE FOR Y OUTPUTS 


0 
L 
L 
Microprogram Counter (p.PC) 


1 
L 
H 
Address/Holding 
Register (AR) 


2 
H 
L 
Push-Pop stack (STK) 
3 
H 
H 
Direct inputs (Dj) 


ORi 
ZERO 
OE 
Yi 


X 
X 
H 
HighZ 
X 
L 
L 
L 


H 
H 
L 
H 


L 
H 
L 
Source selected by So SI 


Control of the Push/Pop 
Stack is contained 
in Table 2. 
FILE ENABLE 
(FE) enables stack operations, 
while 


Push/Pop 
(PUP) controls the stack. 


Table 2. Synchronous 
Stack Control 


Table 4 defines the effect of So, SI, FE and PUP control 
signals on the 7C909. It illustrates 
the Address 
Source on 


the outputs and the contents 
of the Internal 
Registers for 


every combination 
of these signals. The Internal 
Register 


contents are illustrated 
before and after the Clock LOW to 


HIGH 
edge. 
FE 
PUP 
PUSH-POP 
STACK CHANGE 


H 
X 
No change 
L 
H 
Push current PC into stack 
increment stack pointer 


L 
L 
pop stack, decrement stack pointer 


CYCLE 
Sh So, FE, PUP 
p.PC 
REG 
STKO 
STKI 
STK2 
STK3 
YOUT 
COMMENT 
PRINCIPLE 
USE 


N 
0000 
J 
K 
Ra 
Rb 
Rc 
Rd 
J 
Pop Stack 
End 


N+l 
- 
J + 1 
K 
Rb 
Rc 
Rd 
Ra 
- 
Loop 


N 
0001 
J 
K 
Ra 
Rb 
Rc 
Rd 
J 
Push p.PC 
Set-up 
N+1 
- 
J + 1 
K 
J 
Ra 
Rb 
Rc 
- 
Loop 


N 
001X 
J 
K 
Ra 
Rb 
Rc 
Rd 
J 
Continue 
Continue 
N+ 
1 
- 
J + 1 
K 
Ra 
Rb 
Rc 
Rd 
- 


N 
0100 
J 
K 
Ra 
Rb 
Rc 
Rd 
K 
Use AR for Address; 
End 


N+ 
1 
- 
K + 1 
K 
Rb 
Rc 
Rd 
Ra 
- 
Pop Stack 
Loop 


N 
0101 
J 
K 
Ra 
Rb 
Rc 
Rd 
K 
Jump to Address in AR; 
JSRAR 
N+ 
1 
- 
K+ 
1 
K 
J 
Ra 
Rb 
Rc 
- 
Push p.PC 


N 
011X 
J 
K 
Ra 
Rb 
Rc 
Rd 
K 
Jump to Address in AR 
JMPAR 
N+l 
- 
K+ 
1 
K 
Ra 
Rb 
Rc 
Rd 
- 


N 
1000 
J 
K 
Ra 
Rb 
Rc 
Rd 
Ra 
Jump to Address in STKO; 
RTS 
N+l 
- 
Ra +,1 
K 
Rb 
Rc 
Rd 
Ra 
- 
Pop Stack 


N 
1001 
J 
K 
Ra 
Rb 
Rc 
Rd 
Ra 
Jump to Address in STKO; 
N + I 
- 
Ra + 1 
K 
J 
Ra 
Rb 
Rc 
- 
Push p.PC 


N 
101X 
J 
K 
Ra 
Rb 
Rc 
Rd 
Ra 
Jump to Address in STKO 
Stack Ref 
N + 1 
- 
Ra + 1 
K 
Ra 
Rb 
Rc 
Rd 
- 
(Loop) 


N 
1100 
J 
K 
Ra 
Rb 
Rc 
Rd 
D 
Jump to Address on D; 
End 
N + 1 
- 
D + 1 
K 
Rb 
Rc 
Rd 
Ra 
- 
Pop Stack 
Loop 


N 
1101 
J 
K 
Ra 
Rb 
Rc 
Rd 
D 
Jump to Address on D; 
JSRD 
N + 1 
- 
D + 1 
K 
J 
Ra 
Rb 
Rc 
- 
Push p.PC 


N 
111 X 
J 
K 
Ra 
Rb 
Rc 
Rd 
D 
Jump to Address on D 
JMPD 
N + 1 
- 
D+l 
K 
Ra 
Rb 
Rc 
Rd 
- 


J = Contents of Microprogram 
Counter 
K = Contents of Address Register 
Ra• Rh. R". Rd = Contents jn Stack 


• 


Functional Description (Continued) 


Two examples of Subroutine 
Execution 
appear below. Fig- 


ure 3 illustrates 
a single subroutine 
while Figure 4 illus- 


trates two nested subroutines. 


The instruction 
being executed at any given time is the one 


contained 
in the microword 
register 
(J.L WR). The contents 
of the J.LWR also controls the four signals So, SI, FE, and 
PUP. The starting 
address of the subroutine 
is applied to 


the D inputs of the 7C909 at the appropriate 
time. 


In the columns on the left is the sequence of microinstruc- 
tions to be executed. At address J + 2, the sequence con- 
trol portion 
of the microinstruction 
contains 
the command 


Execute 


Microprogram 


Cycle 
Address 


Sequencer 


Instruction 


J-I 
TO 
J 
TI 
J+ 
I 
T2 
J+2 
JSRA 
To 
J+3 


T, 
J+4 


T3 
A 
I(A) 


T4 
A+I 
Tj 
A+2 
RTS 


Execute 
Microprogram 


Cycle 
Address 


Sequencer 


Instruction 


J-I 
To 
J 


TI 
J+I 


T2 
J+2 
JSRA 
T, 
J+3 


T3 
A 
T4 
A+I 
Tj 
A+2 
JSR B 
T, 
A+3 
Tg 
A+4 
RTS 


To 
B 
RTS 


"Jump to sub-routine 
at A". At the time Tz, this instruc- 
tion is in the 
J.LWR, and the 7C909 inputs are set-up to 


execute the jump and save the return address. The subrou- 
tine address A is applied to the D inputs from the I-'WR 
and appears on the Y outputs. 
The first instruction 
of the 


subroutine, 
I(A), is accessed and is at the inputs of the 


I-'WR. On the next clock transition, 
I(A) is loaded into the 


I-'WR for execution, and the return address J + 3 is 
pushed onto the stack. The return instruction 
is executed at 


Ts. Figure 4 is a similar timing chart showing one subrou- 
tine linking to a second, the latter consisting 
of only one 


microinstruction. 


Execute 
Cycle 
TO 
TJ 
Tl 
T) 
T4 
Ts 
T. 
T, 
T. 
T. 


Clock 
L L l. L l. L L L l. L 
Signals 
- 


Inputs 
SI> So 
0 
0 
3 
0 
0 
2 
0 
0 
FE 
H 
H 
L 
H 
H 
L 
H 
H 
(from 
PUP 
X 
X 
H 
X 
X 
L 
X 
X 
f'WR) 
0 
X 
X 
A 
X 
X 
X 
X 
X 


f'PC 
J+I 
J+2 
J+3 
A+I 
A+2 
A+3 
J+4 
H5 


Internal 
STKO 
J+3 
H3 
J+3 


Registers 
STKI 
STK2 
STK3 


Output 
Y 
HI 
J+2 
A 
A+ 
I 
A+2 
J+3 
J+4 
H5 


ROM 
(Y) 
1(1+1) 
JSRA 
I(A) 
I(A+I) 
RTS 
I(H3) 
I(H4) 
I(H5) 
Output 


Contents 
off'WR 
(Instruction 
f'WR 
I(J) 
I(HI) 
JSRA 
I(A) 
I(A+I) 
RTS 
I(H3) 
I(H4) 


being 
executed) 


Execute 
Cycle 
To 
T, 
T, 
T) 
T. 
T, 
T. 
T, 
T. 
T. 


Oock 
L L L l. LL L 
1:. L L 
Signals 
.....J 


Inputs 
SI. So 
0 
0 
3 
0 
0 
3 
2 
0 
2 
0 


FE 
H 
H 
L 
H 
H 
L 
L 
H 
L 
H 
(from 
PUP 
X 
X 
H 
X 
X 
H 
L 
X 
L 
X 


f'WR) 
0 
X 
X 
A 
X 
X 
B 
X 
X 
X 
X 


f'PC 
J+I 
J+2 
J+3 
A+I 
A+2 
A+3 
B+1 
A+4 
A+5 
J+4 


Internal 
STKO 
J+3 
J+3 
J+3 
A+3 
J+3 
J+3 


Registers 
STKI 
J+3 
STK2 
STK3 


Output 
Y 
J+ 
I 
J+2 
A 
A+I 
A+2 
B 
A+3 
A+4 
J+3 
J+4 


ROM 
(Y) 
I(H 
I) 
JSRA 
I(A) 
I(A+I) 
JSRB 
RTS 
I(A+3) 
RTS 
1(1+3) 
1(1+4) 


Output 


Contents 
off'WR 
(Instruction 
f'WR 
1(1) 
I(HI) 
JSR A 
I(A) 
I(A+I) 
JSRB 
RTS 
I(A+3) 
RTS 
I(H3) 


being 
executed) 


Note: 


Ri and Di connected 
together 
and OR; Inputs 
removed 
on CY7C911 
Figure S. Microprogram 
Sequencer 
Block Diagram 
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Functional Description (Continued) 


Architecture 


The CY7C909 and CY7C911 are CMOS microprogram 
se- 
quencers 
for use in high speed processor applications. 
They 
are cascadable 
in 4-bit increments. 
Two devices can ad- 


dress 256 words of microprogram, 
three can address up to 
4K words, and so on. The architecture 
of the 
CY7C909/911 
is illustrated 
in the logic diagram 
in Figure 
5. The various blocks are described below. 


Multiplexer 


The Multiplexer 
is controlled 
by the So and SI inputs to 


select the address source. It selects either the Direct Inputs 
(Dj), the Address 
Register (AR), the Microprogram 
Coun- 


ter (fJ-PC), or the stack (SP) as the source of the next mi- 
croinstruction 
address. 


Direct Inputs 


The Direct Inputs (Dj) allow addresses from an external 
source to be output 
on the Y outputs. 
On the CY7C911, 
the direct inputs are also the inputs to the Address Regis- 
ter. 


Address Register 


The Address 
Register (AR) consists of four D-type, edge- 


triggered 
flip-flops which are controlled 
by the RegIster 


Enable (RE) input. When Register Enable is LOW, new 
data is entered into the register on the LOW to HIGH 
clock transition. 


Microprogram 
Counter 


The Microprogram 
Counter 
(fJ-PC) is composed 
of a 4-bit 


incrementer 
followed by a 4-bit register. The incrementer 


has a Carry-in 
(CN) input and a Carry-out 
(CN + 4) output 


to facilitate cascading. 
The Carry-in 
input controls the mi- 


croprogram 
counter. 
When Carry-in 
is HIGH 
the incre- 


menter counts sequentially. 
The counter 
register is loaded 


with the current 
Y output 
plus one (Y + I - > fJ-PC) on 


the next clock cycle. When Carry-in 
is LOW the incremen- 


ter does not count. 
The microprogram 
counter 
register 
is 


loaded with the same Y output 
(Y - > fJ-PC) on the next 


clock cycle. 


Stack 


The Stack consists of a 4 x 4 memory array and a built-in 
Stack Pointer (SP) which always points to the last word 
written. The Stack is used to store return addresses when 
executing microsubroutines. 


The Stack Pointer is an up/down 
counter controlled 
by 


File Enable (FE) and Push/Pop 
(PUP) inputs. The File 


Enable input allows stack operations 
only when it is LOW. 


The Push/Pop 
input controls the stack pointer position. 


The PUSH operation 
is initiated at the beginning of a mi- 
crosubroutine. 
Push/Pop 
is set HIGH 
while File Enable is 


kept LOW. The stack pointer is incremented 
and the mem- 
ory array is written with the microinstruction 
address fol- 


lowing the subroutine 
jump that initiated the push. 


The POP operation 
is initiated 
at the end of a microsub- 
routine 
to obtain 
the return 
address. 
Both Push/Pop 
and 


FIle Enable 
are set LOW. 
The return 
address 
is already 
available 
to the multiplexer. 
The stack 
pointer 
is decre- 
mented on the next LOW to HIGH 
clock transition, 
effec- 
tively removing 
old information 
from the top of the stack. 


The stack is configured 
so that data will roll-over 
if more 


than four POPs are performed, 
thus preventing 
data from 


being lost. 


The contents of the memory position pointed to by the 
Stack Pointer is always available to the multiplexer. 
Stack 


reference operations 
can thus be performed 
without a push 
or a pop. Since the stack is four words deep, up to four 
microsubroutines 
can be nested. 


The ZERO input resets the four Y outputs 
to a binary zero 


state. The OR inputs (7C909 only) are connected 
to the Y 


outputs 
such that any output can be set to a logical one. 


The Output 
Enable (OE) input controls the Y outputs. 
A 


HIGH 
on Output 
Enable sets the outputs into a high im- 


pedance state. 


Name 
I 
Description 


INPUTS 


SI, So 
Multiplexer Control Lines, for Access Source Selection 


FE 
File Enable, Enables Stack Operalion, Active LOW 


PUP 
Push/Pop, 
Selects Stack Operation 


RE 
Register Enable, Enables Address Register Active LOW 


ZERO 
Forces Output to Logical Zero 


OE 
Output Enable, Controls Three-State Outputs Active LOW 


ORj 
Logic OR Input to each Address Output Line (7C909 only) 


Cn 
Carry-In, Controls Microprogram Counter 


Rj 
Inputs to the Internal Address Register 


Dj 
Direct Inputs to the Multiplexer 


CP 
Clock Input 
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Name 
Description 


OUTPUTS 


Yi 
Address Outputs 
, 


CN + 4 
Carry-Out from Incrementer 


INTERNAL 
SIGNALS 


J-LPC 
Contents of the Microprogram Counter 


AR 
Contents of the Address Register 


STKO- 
I 


STK3 
Contents of the Push/Pop 
Stack 


SP 
Contents of the Stack Pointer 


EXTERNAL SIGNALS 


A 
Address to the Counter Memory 


I(A) 
Instruction in Control Memory at Address A 


J-LWR 
Contents of the Microword Register at the 
Output of the Control Memory 


TN 
Time Period (Cycle) n 
• 


NORMALIZED 
SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 


1.2 


NORMALIZED 
SUPPLY CURRENT 
vs. AMBIENT 
TEMPERATURE 
1.4 


OUTPUT SOURCE CURRENT 
vs. OUTPUT 
VOLTAGE 


60 


~ 
1,0 


~ 
::; 


"":; 
a:oz 


;;! 
50 
... 
~ 
a:a: 
::>u 
wua: 
::>£ 
20 
...~ 
••. 
10 


::>o 


NORMALIZED 
FREQUENCY 
NORMALIZED 
FREQUENCY 
OUTPUT 
SINK CURRENT 
vs. SUPPLY VOLTAGE 
vs. AMBIENT 
TEMPERATURE 
vs. OUTPUT 
VOLTAGE 
1.3 
1.6 
140 


>- 
12 
>- 
;; 
120 
u 
u 
E 
~ 
z 
w 
... 


::> 
::> 
~ 
100 


5l 
1.1 
5l 
a: 


a: 
:: 
a: 
80 
~ 
::> 


8 
10 
8 
u 
" 
N 
N 
Z 
60 
::; 
T. = 2S·C 
::; 
u; 


"" 
0.9 
"" 
... 
:; 
:; 
VCC=5.0V 
~ 
40 
a: 
a: 


0 
0.8 
0 
0.8 
... 


z 
z 
::>0 
20 


0.7 
0.6 


4.0 
4.5 
5.0 
5.5 
6.0 
-55 
25 
125 
1.0 
20 
3.0 
4.0 


SUPPLY 
VOL TAGE 
(V) 
AMBIENT 
TEMPERATURE 
(OC) 
OUTPUT 
VOLTAGE 
(VI 


>- 
:'i 
1.4 
~ 


@ 
13 


!:'i 
< 
~ 
12 
oz 


200 
400 
600 
800 
1000 


CAPACITANCE 
lpFI 


1.0 


uu 
8 
0 .• 
N::; 


"":; 
08 
a:0z 


01 


0 
0 


NORMALIZED 
Ice 
vs. FREQUENCY 
1.1 
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Clock 
Package 
Operating 
Cycle 
Ordering Code 
(ns) 
Type 
Range 


30 
CY7C909-30PC 
PI5 
Commercial 


40 
CY7C909-40PC 
PI5 
Commercial 


30 
CY7C909-30JC 
J64 
Commercial 


40 
CY7C909-40JC 
J64 
Commercial 


30 
CY7C909-300C 
Dl6 
Commercial 


40 
CY7C909-400C 
Dl6 
Commercial 


40 
CY7C909-40LC 
L64 
Commercial 


30 
CY7C909-300MB 
016 
Military 


40 
CY7C909-400MB 
016 
Military 


40 
CY7C909-40LMB 
L64 
Military 


Clock 
Package 
Operating 
Cycle 
Ordering Code 
(ns) 
Type 
Range 


30 
CY7C91l-30PC 
P5 
Commercial 


40 
CY7C9Il-40PC 
P5 
Commercial 


30 
CY7C911-30JC 
J6l 
Commercial 


40 
CY7C911-40JC 
J61 
Commercial 


30 
CY7C911-300C 
06 
Commercial 


40 
CY7C911-400C 
06 
Commercial 


40 
CY7C911-40LC 
L61 
Commercial 


30 
CY7C911·300MB 
06 
Military 


40 
CY7C911-400MB 
06 
Military 


40 
CY7C911-40LMB 
L61 
Military 
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CY7C909 
. 
CY7C911 
~ucroR================================== 
MILITARY 
SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 
'c 


VIH 
1,2,3 


VIL Max. 
1,2,3 
',. 


IIX 
1,2,3 
II, 


Ioz 
1,2,3 


IOS 
1,2,3 


IcC 
1,2,3 


ICCl 
1,2,3 


Parameters 
Subgroups 


Minimum Clock Low Time 
7,8,9,10,11 


Minimum Clock High Time 
7,8,9,10,11 


MAXIMUM 
COMBINATIONAL 
PROPAGATION 
DELAYS 


DjtoY 
7,8,9,10, II 


Dj toCN+4 
7,8,9,10,11 


So, Sj to Y 
7,8,9,10,11 


So, Sj toCN+4 
7,8,9,10,11 


ORj (7C909) to Y 
7,8,9,10,11 


ORj (7C909) to CN +4 
7,8,9,10,11 


CN to CN+4 
7,8,9,10,11 


ZEROtoCN+4 
7,8,9,10,11 


Clock High, So, Sj = LH 
7,8,9,10,11 


toY 


Clock High, So, Sj = LH 
7,8,9,10,11 


toCN+4 


Clock High, So, Sj = LL 
7,8,9,10, II 


toY 


Clock High, So, Sj = LL 
7,8,9,10,11 


toCN+4 


Clock High, So, Sj = HL 
7,8,9,10, II 


toY 


Clock High, So, Sl = HL 
7,8,9,10, II 


to CN+4 


Parameters 
Subgroups 


MINIMUM 
SET-UP AND 
HOLD TIMES 


RE Set-up Time 
7,8,9,10,11 


RE Hold Time 
7,8,9,10,11 


Push/Pop 
Set-up Time 
7,8,9,10,11 


Push/Pop 
Hold Time 
7,8,9,10,11 


FE Set-up Time 
7,8,9,10,11 


FE Hold Time 
7,8,9,10,11 


CN Set-up Time 
7,8,9,10,11 


CNHold Time 
7,8,9,10,11 


Dj Set-up Time 
7,8,9,10,11 


DjHold Time 
7,8,9,10,11 


ORj (7C909) Set-up Time 
7,8,9,10, II 


ORj (7C909) Hold Time 
7,8,9,10,11 


So, Sj Set-up Time 
7,8,9,10, II 


So, Sj Hold Time 
7,8,9,10,11 


ZERO Set-up Time 
7,8,9,10, II 


ZERO Hold Time 
7,8,9,10, II 


-- 
~ 
-- 
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Features 


• 
Fast 
- 
CY7C910-40 
has a 40 ns 
(min.) clock cycle; 
commercial 
- 
CY7C910-46 
has a 46 ns 


(min.) clock cycle; military 


• 
Low power 
- 
Ice 
(max.) = 70 mA 


• 
Vee 
margin 
SV ± 10% 


commercial 
and military 


• 
Sixteen 
powerful 
microinstructions 


• 
Three output 
enable controls 


for three-way 
branch 


• 
Twelve-bit 
address 
word 


• 
Four sources 
for addresses: 


microprogram 
counter 
(MPC), 
stack, 
branch 
address 
bus, 
internal 
holding register 


• 
12-bit internal 
loop counter 


• 
Internal 
17-word by 12-bit stack 
The internal 
stack can be used 


for subroutine 
return address or 
data storage 


• 
ESD protection 
Capable 
of withstanding 
over 
2000V static 
discharge 
voltage 


• 
Pin compatible 
and functional 


equivalent 
to AM2910A 


Functional 
Description 


The CY7C910 is a stand-alone 
micro- 


program 
controller 
that selects, stores, 


retrieves, manipulates 
and tests ad- 
dresses that control the sequence of ex- 
ecution of instructions 
stored in an ex- 


ternal memory. All addresses are 12-bit 
binary values that designate an abso- 
lute memory location. 


The CY7C910, 
as illustrated 
in the 
block diagram, 
consists of a 17-word 


by l2-bit LIFO (Last-In-First-Out) 
stack and SP (Stack Pointer), 
a 12-bit 
RC (Register/Counter), 
a 12-bit MPC 
(Microprogram 
Counter) 
and incre- 
menter, a l2-bit wide by 4-input multi- 


o I~ 
I() 
11'1 "" 
.••. 
..., 
I") 
N 
N 
_ 
2>0>-0)-0>-0>-0 


6 
5 
.• 3 
2 ~44"342"1 
40 
..f!, 
7 
39 
Y, 


MAP 
8 
38 
Do 


'3 
9 
37 
Yo 


'2 
'D 
3. 
NC 
VCC 
11 
35 
C, 


" 
'2 
3. 
CP 
'0 
'3 
33 
GND 
ceEN 
u 
32 
NC 
cc 
15 
3' 
or 


RLD I. 
3D 
Y" 
NC 
17 
29 
D" 
1819202122232-42526 
27~ 


CMOS Microprogram 


Controller 


plexer and the required data manipula- 
tion and control logic. 


The operation 
performed 
is determined 


by four input instruction 
lines (10- B) 


that in turn select the (internal) 
source 
of the next micro-instruction 
to be 
fetched. This address is output on the 
YO- YII 
pins. Two additional 
inputs 


(CC and CCEN) 
are provided that are 


examined during certain instructions 
and enable the user to make the execu- 
tion of the instruction 
either uncondi- 
tional or dependent 
upon an external 
test. 


The CY7C910 is a pin compatible, 
functional 
equivalent, 
improved 
per- 


formance 
replacement 
for the 
AM2910A. 


The CY7C91O is fabricated 
using an 
advanced 
1.2 micron CMOS process 
that eliminates 
latch up, results in ESD 
protection 
of over 2000 volts and 
achieves superior 
performance 
and low 


power dissipation. 


1 .\.J 


.0 


2 
39 


3 
38 
· 


37 


• 
3. 


• 
3. 


7 
34 


8 
33 
, 
" 
'0 
" 
" 
30 


12 
29 


13 
28 
,. 
27 


15 
" 
" 
25 


17 
24 


18 
" 
19 
22 


20 
21 


Clock Cycle 
Stack 
Operating 
Range 
Part Number 
(Min.) in ns 
Depth 


40 
17 words 
Commercial 
CY7C91O-4O 
46 
17 words 
Military 
CY7C91O-46 


50 
17 words 
Commercial 
CY7C910-50 
51 
17 words 
Military 
CY7C9 10-5 1 


93 
17 words 
Commercial 
CY7C910-93 
99 
17 words 
Military 
CY7C91O-99 
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Pin Definitions 


Signal 
110 
Description 
Name 


DO-Oil 
I 
Direct 
inputs 
to 
the 
RC 
(Register! 
Counter) 
and multiplexer. 
DO is LSB 


and OIl 
is MSB. 


RLD 
I 
Register load. Control input to RC that, 
when LOW, loads data on the 00-011 
pins into RC on the LOW to HIGH 
clock (CP) transition. 


10-13 
I 
Instruction 
inputs 
that 
select one of 


sixteen instructions to be performed by 
the CY7C91O. 


CC 
I 
Control 
input 
that, 
when 
LOW, 
signifies that a test has passed. 


CCEN 
I 
Enable for CC input. When HIGH CC 
is ignored and a pass is forced. When 
LOW the state of CC is examined. 


CP 
I 
Clock 
input. 
All 
internal 
states 
are 


changed on the LOW to HIGH 
clock 


transitions. 


Signal 
110 
Description 
Name 


CI 
I 
Carry 
input 
to 
the 
LSB 
of 
the 


incrementer for the MPC. 


OE 
I 
Control for YO- YII 
outputs. LOW to 


enable; High to disable. 


YO-Yll 
a 
Address 
output 
to 
microprogram 


memory. YO is LSB and Yll 
is MSB. 


FULL 
a 
When LOW indicates the stack is full. 


PL 
a 
When LOW selects the pipeline register 
as the direct input (00-011) 
source. 


MAP 
a 
When 
LOW 
selects 
the 
Mapping 


PROM 
(or PLA) as the direct 
input 


source. 


VECT 
a 
When 
LOW 
selects 
the 
Interrupt 


Vector as the direct input source. 


Introduction 


The CY7C91O is a high performance 
CMOS microprogram 


controller 
that produces a sequence of 12-bit addresses that 


control the execution 
of a microprogram. 
The addresses 


are selected from one of four sources, depending 
upon the 


(internal) 
instruction 
being executed (10- B), and other ex- 


ternal inputs. The sources are (I) the (external) 
DO-DII 


inputs, (2) the RC, (3) the stack and (4) the MPC. Twelve 
bit lines from each of these four sources are the inputs to a 
multiplexer, 
as shown in Figure 
J, whose outputs are ap- 


plied to the inputs of the YO- Y II three-state 
output driv- 


ers. 


External 
Inputs: DO-Dll 


The external inputs are used as the source for destination 
addresses for the jump or branch type of instructions. 
These are shown as Ds in the two columns in the Table of 
Instructions. 
A second use of these inputs is to load the 
RC. 


Register 
Counter: 
RC 


The RC is implemented 
as 12 D-type, edge-triggered 
flip- 


flops that are synchronously 
clocked on the LOW to 
HIGH 
transition 
of the clock, CPo The data on the D in- 


puts is synchronously 
loaded into the RC when the load 


control 
input, RLD, is LOW. The output of the RC is 
available to the multiplexer 
as its R input and is output on 


the Y outputs 
during certain instructions, 
as shown by R in 
the Table of Instructions. 


The RC is operated 
as a 12-bit down counter and its con- 


tents decremented 
and tested if zero during instructions 
8, 
9 and IS. This enables micro-instructions 
to be repeated up 


to 4096 times. The RC is arranged 
such that if it is loaded 


with a number, 
N, the sequence will be executed exactly 


N+ 
1 times. 


The Stack and Stack Pointer: 
SP 


The 17-word by 12-bit stack is used to provide return ad- 
dresses from micro-subroutines 
or from loops. Intergal to it 
is a SP, which points to (addresses) 
the last word written. 


This permits reference to the data on the top of the stack 
without having to perform a POP operation. 


The SP operates as an up/down 
counter that is increment- 
ed when a PUSH operation 
(instructions 
1,4 or 5) is per- 
formed or decremented 
when a POP operation 
(instruc- 


tions 8, 10, II, 13 or IS) is performed. 
The PUSH opera- 


tion writes the return address on the stack and the POP 
operation 
effectively removes it. The actual operation 
oc- 


curs on the LOW to HIGH 
clock transition 
following the 


instruction. 


The stack is initialized by executing instruction 
zero 


(JUMP TO LOCATION 
0 or RESET). 
Every time a 
"jump to subroutine" 
instruction 
(I, 5) or a loop instruc- 
tion (4) is executed, the return address is PUSHed 
onto the 


stack; and every time a "return 
from subroutine 
(or loop)" 


instruction 
is executed, the return address is POPed off the 


stack. 


When one subroutine 
calls another 
or a loop occurs within 


a loop (or a combination), 
which is called nesting, the Log- 


ical depth of the stack increases. The physical stack depth 
is 17 words. When this depth occurs, the FULL signal goes 
LOW on the next LOW to HIGH 
clock transition. 
Any 


further 
PUSH operations 
on a full stack will cause the data 


at that location to be over-written, 
but will not increment 


the SP. Similarily, performing 
a POP operation 
on a empty 


stack will not decrement 
the SP and may result in non- 
meaningful 
data being available at the Y outputs. 


The Microprocessor 
Counter: 
MPC 


The MPC consists of a 12-bit incrementer 
followed by a 


12-bit register. The register usually holds the address of the 
instruction 
being fetched. When sequential 
instructions 
are 


fetched, the carry input (CI) to the incrementer 
is HIGH 


and one is added to the Y outputs of the multiplexer, 
which 
is loaded into the MPC on the next LOW to HIGH 
clock 


transition. 
When the CI input is LOW, the Y outputs 
of 


the multiplexer 
are loaded directly into the MPC, so that 


the same instruction 
is fetched and executed. 
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Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 
Storage Temperature 
-65°C 
to + 150°C 
Static Discharge 
Voltage 
>200IV 
Ambient 
Temperature 
with 
(Per MIL-STD-883 
Method 
3015) 
Power Applied 
- 55°C to + 125°C 
• 


Supply Voltage to Ground 
Potential 
Operatmg 
Range 


(Pin 10 to Pin 30) 
-0.5V 
to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State 
-0.5V 
to + 7.0V 
DC Input Voltage 
- 3.0V to + 7.0V 


Output 
Current 
into Outputs 
(Low) 
30 mA 
Electrical 
Characteristics 
Over Commercial 
and Military Operating 
Range, Vcc Min. = 4.5V, Vcc Max. 
5.5V[4] 


Range 
Ambient 
Vee 
Temperature 


Commercial 
(J'Cto 
+7(J'C 
5V ± 10% 


Military!3] 
- SS'C to + 125'C 
5V ± 10% 


Parameter 
Description 
Test Condition 
Min. 
Max. 
Units 


VOH 
Output 
HIGH 
Voltage 
Vee 
= Min. 
2.4 
V 
IOH = 
-1.6mA 


Vee 
= Min. 
, 


VOL 
Output 
LOW Voltage 
IOL=12mA 


0.4 
Y 


VIH 
Input HIGH 
Voltage 
2.0 
Vee 
Y 


VIL 
Input LOW Voltage 
-3.0 
0.8 
V 


IIH 
Input HIGH 
Current 
Vee 
= Max. 
10 
I-'A 
VIN = Vee 
. 


IlL 
Input LOW Current 
Vee 
= Max. 
-10 
I-'A 
.. 
VIN = VSS 


IOH 
Output 
HIGH 
Current 
Vee 
= Min. 
-1.6 
mA 
VIH = 2.4V 


IOL 
Output 
LOW Current 
Vee 
= Min. 
12 
mA 
VOL = 0.4V 


IOZ 
Output 
Leakage Current 
Vee 
= Max. 
+40 
I-'A 


VOUT = Vss/Vee 
-40 
I-'A 


Ise 
Output 
Short Circuit Current 
Vee 
= Max. 
-85 
mA 
VOUT = OV 


Commercial 
70 


Ice 
Supply Current 
Vee 
= Max. 
mA 
Military 
90 


Commercial 
35 


Ice! 
Supply Current 
VIH ., 3.8SV. VIL ,;; O.4V 
mA 
Military 
50 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
T A = 25'C. f = 
I MHz 
8 
pF 


COUT 
Output 
Capacitance 
Yee 
= S.OY 
10 
pF 


Notes: 
1. Not more than one output should be tested at a time. Duration of the 


short circuit should not exceed one second. 
2. Tested initially and after any design or process changes that may 


affect these parameters. 


Output Load used for AC Performance 
Characteristics 


All Outputs 


+5 v 
~Ti: 


Notes: 
0041-4 
I. CL = 50 pF includes scope probe, writing and stray capacitance. 
2. CL = 5 pF for output disable tests. 


3. TA is the "instant on" case temperature. 
4. See the last page of this specification for Group A subgroup testing 


information. 
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Guaranteed 
AC Performance 
Characteristics 


The tables below specify the guaranteed 
AC performance 


of the CY7C91 0 over the commercial 
(O°C to + 70°C) and 
the military ( - 55"C to + 125°C) temperature 
ranges with 
VCC varying from 4.5V to 5.5V. All times are in nanosec- 
onds and are measured 
between the 1.5V signal levels. 


Clock Requirements 
[1, 3] 


The inputs switch between OV and 3V with signal tran- 
sition rates of I Volt per nanosecond. 
All outputs 
have 


maximum 
DC current 
loads. 


Commercial 
Military 


CY7C91O- 
40 
50 
93 
46 
51 
99 


Minimum Clock LOW 
20 
20 
50 
23 
25 
58 


Minimum Clock HIGH 
20 
20 
35 
23 
25 
42 


Minimum Clock Period I = 14 
40 
50 
93 
46 
51 
100 


Minimum Clock Period 
40 
50 
113 
46 
51 
114 
1=8,9,15 


Commercial 
Military 


From Input 
Y 
PL, VECf, MAP 
FULL 
Y 
PL, VECf, MAP 
FULL 


CY7C91O- 
40 
50 
93 
40 
50 
93 
40 
50 
93 
46 
51 
99 
46 
51 
99 
46 
51 
99 


DO-OIl 
17 
20 
20 
- 
- 
- 
- 
- 
- 
21 
25 
25 
- 
- 
- 
- 
- 
- 


10-13 
25 
35 
50 
20 
30 
51 
- 
- 
- 
30 
40 
54 
25 
35 
58 
- 
- 
- 
CC 
22 
30 
30 
- 
- 
- 
- 
- 
- 
27 
36 
35 
- 
- 
- 
- 
- 
- 
CCEN 
22 
30 
30 
- 
- 
- 
- 
- 
- 
27 
36 
37 
- 
- 
- 
- 
- 
- 


CP 
1= 
8,9,15 
30 
40 
75 
- 
- 
- 
25 
31 
60 
35 
46 
77 
- 
- 
- 
30 
35 
67 
(Note 2) 


CP 
30 
40 
55 
- 
- 
- 
25 
31 
60 
35 
46 
61 
- 
- 
- 
30 
35 
67 
All Other I 


OE 
21 
25 
35 
- 
- 
- 
- 
- 
- 
22 
25 
40 
- 
- 
- 
- 
- 
- 
(Note 2) 
21 
27 
30 
- 
- 
- 
- 
- 
- 
22 
30 
30 
- 
- 
- 
- 
- 
- 


Commercial 
Military 


Input 
Set-Up 
Hold 
Set-Up 
Hold 


CY7C91O- 
40 
50 
93 
40 
50 
93 
46 
51 
99 
46 
51 
99 


DI -+ RC 
13 
16 
24 
0 
0 
0 
13 
16 
28 
0 
0 
0 


DI -+ MPC 
20 
30 
58 
0 
0 
0 
20 
30 
62 
0 
0 
0 


10-13 
25 
35 
75 
0 
0 
0 
27 
38 
81 
0 
0 
0 


CC 
20 
24 
63 
0 
0 
0 
25 
35 
65 
0 
0 
0 


CCEN 
20 
24 
63 
0 
0 
0 
25 
35 
63 
0 
0 
0 


CI 
15 
18 
46 
0 
0 
0 
15 
18 
58 
0 
0 
0 


RLO 
15 
19 
36 
0 
0 
0 
15 
20 
42 
0 
0 
0 


Notes: 
1. A dash indicates that a propagation delay path or set-up time does not 


exist. 


2. The enable/disable times are measured to a 0.5 Volt change on the 
output voltage level with CL = 5 pF. 
3. See the last page of this specification for Group A subgroup testing 


information. 
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Reg! 
Result 
Cntr 
Fail 
Pass 
13-10 
Mnemonic 
Name 
CCEN 
= LandCC 
~ H 
CCEN 
= HorCC 
= L 
Reg! 
Can- 
Enable 


tents 
y 
Stack 
Y 
Stack 
Cntr 


0 
JZ 
Jump Zero 
X 
0 
Clear 
0 
Clear 
Hold 
PL 


1 
CJS 
CondJSB 
PL 
X 
PC 
Hold 
D 
Push 
Hold 
PL 


2 
JMAP 
Jump Map 
X 
D 
Hold 
D 
Hold 
Hold 
Map 


3 
CJP 
CondJump 
PL 
X 
PC 
Hold 
D 
Hold 
Hold 
PL 


4 
PUSH 
Push/Cond 
LD CNTR 
X 
PC 
Push 
PC 
Push 
(Nole 
1) 
PL 


5 
JSRP 
Cond JSB R/PL 
X 
R 
Push 
D 
Push 
Hold 
PL 


6 
CJV 
Cond Jump Vector 
X 
PC 
Hold 
D 
Hold 
Hold 
Vecl 


7 
JRP 
Cond Jump R/PL 
X 
R 
Hold 
D 
Hold 
Hold 
PL 


8 
RFCT 
Repeat 
Loop, 
*0 
F 
Hold 
F 
Hold 
Dec 
PL 


CNTR 
* 0 
=0 
PC 
POP 
PC 
Pop 
Hold 
PL 


9 
RPCT 
Repeat PL, 
*0 
D 
Hold 
D 
Hold 
Dec 
PL 


CNTR * 0 
=0 
PC 
Hold 
PC 
Hold 
Hold 
PL 


10 
CRTN 
Cond RTN 
X 
PC 
Hold 
F 
POD 
Hold 
PL 


11 
CJPP 
Cond Jump PL & Pop 
X 
PC 
Hold 
D 
Pop 
Hold 
PL 


12 
LDCT 
LD Cntr & Continue 
X 
PC 
Hold 
PC 
Hold 
Load 
PL 


13 
LOOP 
Test End Loop 
X 
F 
Hold 
PC 
Pop 
Hold 
PL 


14 
CONT 
Continue 
X 
PC 
Hold 
PC 
Hold 
Hold 
PL 


15 
TWB 
Three- Way Branch 
*0 
F 
Hold 
PC 
Pop 
Dec 
PL 


=0 
D 
Pop 
PC 
Pop 
Hold 
PL 


~WfSS 
~J1&ICCX'lDOCTOR 


65h 
66 
67 


68 
25 
69 
26 


65h 
66 


67 
68 
35 
69 
36 


8 Repeat 
Loop, CNTR;iO (RFCT) 


66 (~~~~) 


11 Cond Jump 
PL & POP (CJPP) 
65 
66 
(~~~~) 
66 
67 
68 
69 
70 


71 


65 


1 


66 
67 
68 


1 Cond JSB PL (CJS) 


65t4 


66 
68 STACK 


67 
40 


68 
41 
69 
42 
70 
43 


65+<:6 
STACK 
66 
67 


68 
0 REGISTER/ 
COUNTER 


7 Cond Jump 
R/PL (JRP)f. 


5 
66 
67 
68 


20 
30 


21 
31 


65~ 
66 
67 


68 


65~COUNTER 
66 


67 
68 


~ 


STACK 
65 
67 (PUSH) 


66 
67 
N REGISTER/ 
COUNTER 
68 
72 


69 
73 


65l-, 
66 
67 
68 
85 
86 


10 Cond Return 
(CRTN) 


@STACK • 


~Cf?RFSS 
.,nEMlCONDOCiCll 
_ 


One Level Pipeline Based Architecture (Recommended) 


MAP 


PIPELINE 
CY7C91 
0 


REGISTER· 
INSTRUCTION 
OUTPUT 
INPUT 


MICROPROGRAM 
- 
~~~~~i 
xXXXXXXXXXXXXXXXXXXXxxxXXXXXXX 
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Typical DC and AC Characteristics 


NORMALIZED 
SUPPLY CURRENT 


.s. SUPPLY VOLTAGE 
1.2 


0.6 


V1N=5.0V 


TA = 25°C 


0.4 
4.0 
4.5 
5.0 
5.5 
6.0 


NORMALIZED 
SUPPLY CURRENT 


.s. AMBIENT 
TEMPERATURE 
1.4 


0.6 


-55 
125 


SUPPLY VOLTAGE (V) 
AIo4BIENTTEIo4PERATURE(OC) 


NORMALIZED 
FREQUENCY 
.s. SUPPLY VOLTAGE 
1.3 


>- 
1.2 
uz 
loJ 
::> 
1.1 
0 
loJ 
'" 
•... 


1.0 
0 
loJ 
N::; 
0.9 
« 
:::E 
'"0 
0.8 
z 
-- 
/' 
TA = 250C 


NORMALIZED 
FREQUENCY 
OUTPUT SINK CURRENT 
.s. AMBIENT 
TEMPERATURE 
.s. OUTPUT 
VOLTAGE 


1.6 
140 
• 


>- 
-:< 
120 
u 
-5. 
z 
loJ 
•... 


100 
::> 
z 
0 
loJ 


loJ 
'" 
~ 
'" 
BO 
::> 


0 
u 
Vcc= 
5.0V 
loJ 


'" 
60 
N 
z 
TA = 25°C 
::; 
in 
« 
Vcc= 
5.0V 
•... 
40 
:::E 
'" 


::> 
0.8 
00- 
0 
•... 
z 
::> 
20 
0 


0.6 
0 
-55 
25 
125 
0 
1.0 
2.0 
3.0 
4.0 


AIo4BIENTTEIo4PERATURE(OC) 
OUTPUT VOLTAGE (V) 


OUTPUT 
SOURCE CURRENT 


.s. OUTPUT 
VOLTAGE 


60 
-:<-5. 


50 


Vcc= 
5.0V 


•... 
TA = 25°C 
z 
loJ 
'" 
40 
'" 
::>u 


loJ 
30 
u 
'" 
::>0 
20 
VI•... 
::> 
10 
00-•... 
::>0 
0 


0 
1.0 
2.0 
3.0 
4.0 


OUTPUT VOLTAGE (V) 


NORMALIZED 
OUTPUT 
DELAY 
NORMALIZED 
Ice 
.s. OUTPUT 
LOADING 
.s. FREQUENCY 
1.6 
1.1 


>- 
:5 
1.5 
1.0 
loJ0 
U 
•... 
1.4 
_u 
::> 
00- 
0 
0.9 
•... 
loJ 
::> 
1.3 
N 
0 
::; 


0 
« 


loJ 
:::E 
0.8 


N 
1.2 
'" 
::; 
0 
« 
z 


:::E 
Vcc = 5.0V 
0.7 
'" 
1.1 
0 
TA = 25°C 
z 


1.0 
0 


0 
200 
400 
600 
600 
1000 
0 
5 
10 
15 
20 
25 
30 
35 


CAPACITANCE (pF) 
FREQUENCY (104Hz) 


Clock 
Package 
Operating 
Cycle 
Ordering Code 
(ns) 
Type 
Range 


40 
CY7C91O-40PC 
PI7 
Commercial 


CY7C91O-40DC 
018 


CY7C91O-40JC 
J67 


CY7C91O-40LC 
L67 


46 
CY7C91O-46DMB 
018 
Military 


CY7C91O-46LMB 
L67 


50 
CY7C91O-50PC 
PI7 
Commercial 


CY7C91O-50DC 
018 


CY7C910-50JC 
J67 


CY7C91O-50LC 
L67 


51 
CY7C91O-5IDMB 
018 
Military 


CY7C91O-5ILMB 
L67 


93 
CY7C91O-93PC 
PI7 
Commercial 


CY7C91O-93DC 
018 


CY7C91O-93JC 
J67 


CY7C91O-93LC 
L67 


99 
CY7C91O-99DMB 
018 
Military 


CY7C91O-99LMB 
L67 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VlH 
1,2,3 


VILMax. 
1,2,3 


IlH 
1,2,3 


IlL 
1,2,3 


IOH 
1,2,3 


IOL 
1,2,3 


IOZ 
1,2,3 


ISC 
1,2,3 


ICC 
1,2,3 


ICCI 
1,2,3 


Subgroups 


7,8,9,10,11 


Parameters 
Subgroups 


From 00-011 
to Y 
7,8,9,10,11 


From 10-13 to Y 
7,8,9,10,11 


From 10-13 to PL, VECT, MAP 
7,8,9,10,11 


From CCto Y 
7,8,9,10,11 


From CCEN to Y 
7,8,9,10,11 


From CP (l = 8,9,15) to FULL 
7,8,9,10,11 


From CP (All Other J) to Y 
7,8,9,10, II 


From CP (All Other I) to FULL 
7,8,9,10,11 


Parameters 
Subgroups 


01 
~ 
RC Set-up Time 
7,8,9,10,11 


DI ~ 
RC Hold Time 
7,8,9,10, II 


OJ ~ 
MPC Set-up Time 
7,8,9,10, II 


01 ~ 
MPC Hold Time 
7,8,9,10,11 


10-13 Set-up Time 
7,8,9,10,11 


10-13 Hold Time 
7,8,9,10,11 


CC Set-up Time 
7,8,9,10,11 


CC Hold Time 
7,8,9,10,11 


CCEN Set-up Time 
7,8,9,10,11 


CCEN Hold Time 
7,8,9,10, II 


CJ Set-up Time 
7,8,9,10,11 


CJ Hold Time 
7,8,9,10,11 


RLO Set-up Time 
7,8,9,10,11 


RLO Hold Time 
7,8,9,10,11 • 


-- 
~ 
_. --., . 


oflE 'CYPRESS 
, 
SEMICONDUCTOR 


Features 


• 
Fast 
- 
CY7C9101·30 
has a 30 ns 


(max.) clock cycle 
(commercial) 


- 
CY7C9101·35 
has a 35 ns 
(max.) clock cycle (military) 


• 
Low Power 
- 
Ice 
(max. at 
10 MHz) 
= 60 mA 
(commercial) 
- 
Ice 
(max. at 
10 MHz) 
= 85 mA 


(military) 


• 
Vee 
Margin 
- 
5V ±10% 


• 
All parameters 
guaranteed 
over 
commercial 
and military 
operating 
temperature 
range 


• 
Replaces 
four 2901's with carry 
look·ahead 
logic 


• 
Eight Function 
ALU 
- 
Performs 
three arithmetic 
and five logical operations 
on two 16·bit operands 


• 
Expandable 
- 
Infinitely 
expandable 
in 
16·bit increments 


• 
Four Status 
Flags 
- 
Carry, 
overflow, 
negative, 
zero 


• 
ESD Protection 
- 
Capable 
of withstanding 
greater 
than 2001V static 
discharge 
voltage 


• 
Pin compatible 
and functionally 
equivalent 
to AM29CI0l 


Functional 
Description 


The CY7C9101 
is a high-speed, 
ex- 
pandable, 
l6-bit wide ALU slice which 
can be used to implement 
the arithme- 


tic section of a CPU, peripheral 
con- 
troller, or programmable 
controller. 


The instruction 
set of the CY7C9101 
is 
basic, yet so versatile that it can emu- 
late the ALU of almost any digital 
computer. 


A(READ) 
AOORESS 


B(REAOjWRlTE) 
AOORESS 


°15_0 


(OlR(CT 
DATA-IN) 


The CY7C9IOl, 
as shown in the block 


diagram, 
consists of a l6-word 
by 


l6-bit dual-port 
RAM register file, a 


16-bit ALU, and the necessary data 
manipulation 
and control logic. 


The function performed 
is determined 


by the nine-bit instruction 
word (Is to 


10) which is usually input via a micro- 
instruction 
register. 


The CY7C9101 
is expandable 
in l6-bit 


increments, 
has three-state 
data out- 


puts as well as flag outputs, 
and can 


implement 
either a full look-ahead 
car- 


ry or a ripple carry. 


The CY7C9101 
is a pin compatible, 


functional 
equivalent 
of the Am29ClOi 


with improved 
performance. 
The 


7C9101 replaces four 2901 's and in- 
cludes on-chip carry look-ahead 
logic. 


Fabricated 
in an advanced 
1.2 micron 


CMOS process, the 7C9l0l 
eliminates 


latchup, 
has ESD protection 
greater 


than 2000V, and achieves superior 
per- 
formance 
with low power dissipation. 


Pin Configuration 


Top View 


eN." 


0'" 
'"'"'.. 
'"'" 
'n 
Yl0 
13 


T, 
'4 
'. 
'"0 
Or 


J6 


35 
RAIIIO 
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Selection Guide 


7C9101-30 
7C9101·40 


7C9101-35 
7C9101-45 


Minimum Clock 
Commercial 
30 
40 
Cycle (ns) 
Military 
35 
45 


Maximum Operating 
Commercial 
60 
60 


Current at 10 MHz (mA) 
Military 
85 
85 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 
Storage Temperature 
-65°C 
to + 150°C 
Static Discharge 
Voltage 
>2OO1V 
Ambient 
Temperature 
with 
(Per MIL-STD-883 
Method 
3015) 
Power Applied 
- 55°C to + 125"C 
Latchup 
Current 
(Outputs) 
> 200 mA 


Supply Voltage to Ground 
Operating 
Range 


Potential 
-0.5Vto 
+7.0V 


DC Voltage Applied to Outputs 
in High Z State 
-0.5Vto 
+7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


Output 
Current 
into Outputs 
(Low) 
30 mA 


Signal 
1/0 
Name 


RAM Address A. This 4-bit address word selects 
one of the 16 registers in the register file for 
output on the (internal) A-port. 
RAM Address B. This 4-bit address word selects 
one of the 16 registers in the register file for 
output on the (internal) B-port. When data is 
written back to the register file, this is the 
destination address. 
Instruction Word. This nine-bit word is decoded 
to determine the ALU data sources (10.1.2). the 
ALU operation (13.4.5). and the data to be 
written to the Q-register or register file (16.7.g). 
Direct Data Input. This 16-bit data word may be 
selected by the 10.I. 2 lines as an input to the 
ALU. 
Data Output. These are three-state data output 
lines which, when enabled, output either the 
ALU result or the data in the A latch, as 
determined by the code on 16.7. g. 
Output Enable. This is an active LOW input 
which controls the Y15-0 outputs. A HIGH level 
on this signal places the output drivers at the high 
impedance state. 
Clock. The LOW level ofCP is used to write data 
to the RAM register file. A HIGH level ofCP 
writes data from the dual port RAM to the A and 
B latches. The operation of the Q register is 
similar; data is entered into the master latch on 
the LOW level of CP and transferred from master 
to slave during CP = HIGH. 
These two lines are bidirectional and are 
110 controlled by 16.7. g.They are three-state output 
drivers connected to the TTL compatible CMOS 
inputs. 


Range 
Ambient 
Vcc 
Temperature 


Commercial 
O°Cto + 70°C 
5V ± 10% 


Military!l] 
-55'Cto 
+125'C 
5V ± 10% 


Note: 
1. TA is the "instant on" case temperature. 


Signal 1/0 
Name 


Q15. 
Output Mode: When the destination code on lines 


RAM15 1/0 16.7. g indicates a left shift (UP) operation. the 
(Cont.) 
three-state outputs are enabled and the MSB of 
the Q register is output on the Q15 pin and 
likewise, the MSB of the ALU output (FI5) is 
output on the RAM 15 pin. 
Input Mode: When the destination code indicates 
a right shift (DOWN), the pins are the data 
inputs to the MSB of the Q register and the 
RAM, respectively. 
Qo, 
These two lines are bidirectional and function 


RAMo 
I/O similarly to the QI5 and RAMI5 lines. The Qo 


and RAMo lines are the LSB of the Q register 
and the RAM. 
Cn 
I 
Carry In. The carry in to the internal ALU. 
Cn + 16 0 Carry Out. The carry out from the internal ALU. 
G, P 
0 Carry Generate, Carry Propagate. Outputs from 
the ALU which may be used to perform a carry 
look-ahead operation over the 16-bits of the 
ALU. 
OVR 
0 Overflow. This signal is the logical exclusive-OR 
of the carry-in and carry-out of the MSB of the 
ALU. This indicates when the result of the ALU 
operation exceeded the capacity of the machine's 
two's complement number range. It is valid only 
for the sign bit. 


F = 0 
0 Zero Detect. Open drain output which goes 
HIGH when the data on outputs (F15-0) are all 
LOW. It indicates that the result of an ALU 
operation is zero (positive logic assumed). 


F15 
0 Sign. The MSB of the ALU output. 


888808888 
51 
~ 
~ 
46 
« 
~ 
~ 
~ 
~ 
8GGG06V6VG888 


53 
52 
49 
47 
45 
43 
41 
39 
37 
35 
34 


8 G 
r-------------, 
(9 G 
55 
~ 
32 
n 
88 
98 
57 
56 
.30 
31 
88 
00 
~ 
~ 
m 
29 
~8 
88 
61 
60 
26 
27 
88 
88 
63 
62 
U 
25 
GG 
88 


65 
6-4. 
22 
23 
~ 0) 
------------- 
G 0) 


67 
66 
20 
21 
GG888GeeeeG 
68 
1 
'3 
5 
7 
9 
11 
13 
15 
16 
19 
·6)GeeeG888 
2 
6 
8 
10 
12 
1. 
16 
17 


~ 
:>~ 
o 
-4,0 .< 
..c(N 
.•.0') 
:. 0 
_I') 
_ .• 
_In 
IQ.. 
It:) 
~ 


u~ ~ ~ ~ 
~ 
• 
8 
7 
8 
5 • 
3 
2 , 
68 
67 
66 
65 
64 
63 
62 
61 
N.C. 
'0 
60 
Y,. 


0'4 " 
5. 
Y13 


013 
12 
58 
Y'2 


0" 
13 
57 
Y" 


0" ,. 
56 
Y,o 


0'0 
'5 
55 
Y, 


0, 
16 
54 
Y. 


08 
17 
53 
GND 


Vcc 
18 
52 
GND 


07 " 
51 
i5E 


0, 
20 
50 
Y7 


0, 
21 
•• 
Y, 


04 
22 
•• 
Y, 


0, 
2J 
" 


Y4 


O2 " 
•• 
Y, 


0, 
25 
'5 
Y2 


DO 
26 
•• 
Y, 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
4243 


MicroCode 
ALUSource 


Mnemonic 
Operands 


12 
II 
10 
Octal 
R 
S 
Code 


AQ 
L 
L 
L 
0 
A 
Q 


AB 
L 
L 
H 
I 
A 
B 


ZQ 
L 
H 
L 
2 
0 
Q 


ZB 
L 
H 
H 
3 
0 
B 


ZA 
H 
L 
L 
4 
0 
A 


DA 
H 
L 
H 
5 
D 
A 


DQ 
H 
H 
L 
6 
D 
Q 
DZ 
H 
H 
H 
7 
D 
0 


MicroCode 
ALU 
Mnemonic 
Octal 
Function 
Symbol 


Is 
14 
13 
Code 
ADD 
L 
L 
L 
0 
R PlusS 
R+S 


SUBR 
L 
L 
H 
I 
S MinusR 
S-R 


SUBS 
L 
H 
L 
2 
RMinusS 
R-S 


OR 
L 
H 
H 
3 
RORS 
RVS 


AND 
H 
L 
L 
4 
RANDS 
R 1\ S 


NOTRS 
H 
L 
H 
5 
RANDS 
R 1\ S 


EXOR 
H 
H 
L 
6 
REX-ORS 
R¥S 


EXNOR 
H 
H 
H 
7 
REX-NORS 
R¥S 


MicroCode 
RAM Function 
Q-Reg. 
RAM 
Q Shifter 
Function 
Y 
Shifter 
Mnemonic 
Output 
Octal 
Is 
17 
16 
Code 
Shift 
Load 
Shift 
Load 
RAMo 
RAMIS 
Qo 
QIS 


QREG 
L 
L 
L 
0 
X 
None 
None 
F-+Q 
F 
X 
X 
X 
X 


NOP 
L 
L 
H 
I 
X 
None 
X 
None 
F 
X 
X 
X 
X 


RAMA 
L 
H 
L 
2 
None 
F-+B 
X 
None 
A 
X 
X 
X 
X 


RAMF 
L 
H 
H 
3 
None 
F-+B 
X 
None 
F 
X 
X 
X 
X 


RAMQD 
H 
L 
L 
4 
DOWN 
F/2 
-+ 
B 
DOWN 
Q/2 
-+ 
Q 
F 
FO 
INl5 
Qo 
IN15 
RAMD 
H 
L 
H 
5 
DOWN 
F/2 
-+ 
B 
X 
None 
F 
FO 
INl5 
Qo 
X 


RAMQU 
H 
H 
L 
6 
UP 
2F -+ 
B 
UP 
2Q -+ 
Q 
F 
INo 
F15 
INo 
Ql5 
RAMU 
H 
H 
H 
7 
UP 
2F -+ 
B 
X 
None 
F 
INO 
F15 
X 
Q15 
x = Don't care. Electrically, the input shift pin is a lTL input internally connected to a three·state output which is in the high-impedance state. 
A = RegisterAddressedbyA inputs. 
B ~ RegisterAddressedbyBinputs. 
UP is towardMSB.DOWNistowardLSB. 


luO Octal 
0 
1 
2 
3 
4 
5 
6 
7 


ALU 
Source 


Octal 
ALU 


IS43 
Function 
A,Q 
A,B 
O,Q 
O,B 
O,A 
D,A 
D,Q 
D,O 


0 
Cn = L 
A+Q 
A+B 
Q 
B 
A 
D+A 
D+Q 
D 


RplusS 
Cn = H 
A+Q+I 
A+B+I 
Q+I 
B+I 
A+I 
D+A+I 
D+Q+I 
D+I 


1 
Cn = L 
Q-A-I 
B-A-I 
Q-I 
B-1 
A-I 
A-D-I 
Q-D-! 
-D-I 
SminusR 
Cn = H 
Q-A 
B-A 
Q 
B 
A 
A-D 
Q-D 
-D 


2 
Cn = L 
A-Q-t 
A-B-I 
-Q-I 
-B-1 
-A-I 
D-A-I 
D-Q-I 
D-I 


RminusS 
Cn = H 
A-Q 
A-B 
-Q 
-B 
-A 
D-A 
D-Q 
D 


3 
RORS 
AVQ 
AVB 
Q 
B 
A 
DVA 
DVQ 
D 


4 
RANDS 
AI\Q 
AI\B 
0 
0 
0 
DI\A 
DI\Q 
0 


5 
RANDS 
AI\Q 
AI\B 
Q 
B 
A 
DI\A 
DI\Q 
0 


6 
REX-ORS 
A¥Q 
A¥B 
Q 
B 
A 
D¥A 
D¥Q 
D 


7 
REX-NORS 
A¥Q 
A¥B 
Q 
B 
A 
D¥A 
D¥Q 
D 


• 


~ 
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Description of Architecture 


General 
Description 


The 7C91Ol block diagram 
is shown in Figure I. Detailed 
block diagrams 
show the operation 
of specific sections as 
described below. The device is a l6-bit slice consisting of a 
register file (16-word by l6-bit dual port RAM), 
the ALU, 


the Q-register 
and the necessary control logic. It is expand- 


able in l6-bit increments. 


Register 
File 


The dual port RAM is addressed 
by two 4-bit address 
fields (A3-0 and B3-0) which cause the data to simulta- 
neously appear at the A or B (internal) 
ports. Both the A 
and B addresses may be identical; in this case, the same 
data will appear at both the A and B ports. 


Data to be written to RAM is applied to the D inputs of 
the 7C9101 and is passed (unchanged) 
through 
the ALU to 
the RAM location specified by the B-address 
word. New 
data is written into the RAM by specifying a B address 


while RAM write enable (RAM EN) is active and the 
clock input is LOW. RAM EN is an internal signal decod- 
ed from the signals 16, 7, g. As shown below, each of the 16 
RAM inputs is driven by a three-input 
multiplexer 
that 


allows the ALU output (FIS-O) to be shifted one bit posi- 
tion to the left, right, or not shifted. The RAM 15 and 
RAMO 110 pins are also inputs to the l6-bit, 3-input multi- 
plexer. 


During the left shift (upshift) operation, 
the RAMIS out- 


put butTer and RAMo input multiplexer 
are enabled. For 
the down shift (right) operation, 
the RAMo output butTer 


and the RAM1S input multiplexer 
are enabled. 


The A and B outputs of the RAM drive separate 
l6-bit 


latches that are enabled (track the RAM data) when the 
clock is HIGH. 
The outputs of the A latch go to three 


multiplexers 
which feed the two ALU inputs (RlS-O and 
SIS-0) and the chip output 
(Y 15-0). The B latch outputs 


are directed to the multiplexer 
which feeds the S input to 


the ALU. 


. 
I 


: RAM 
SHIFTER 


I(16x3-IN 
MUX) 


I 


8 


3 


] 
82 
8 


1 
8 - ADDRESS 


80 
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Description of Architecture (Continued) 


Q-Register 


The Q-register 
is mainly intended 
for use as a separate 


working register for multiplication 
and division routines. 
It 


may also func,tion as an accumulator 
or temporary 
storage 


register. ~Ixteen master-slave 
latches are used to implement 


the Q-reglster. 
As shown below, the Q-register 
inputs are 
dnven by the outputs of the Q-shifter (sixteen 3-input mul- 


CY7C9101 


tiplexers, under the control Ofl6 7 8). The function of the 
Q-register 
input multiplexers 
is to ~IIow the ALU output 


~F15-0) to be either shifted left. right, or directly entered 
Into the .master latches. The Q15 and Qo pins (110) func- 
tIOn SImIlarly to the RAM15 and RAMo pins described 
earlier. Data is entered into the master latches when the 
clock is LOW and transferred 
to the slave (output) 
at the 
clOCKLOW to HIGH 
transition. 


O-REGISTER 


015 
014 
013 
012 
••• 
03 
02 
0, 
00 


Description of Architecture (Continued) 


ALU (Arithmetic 
Logic Unit) 


The ALU can perform three arithmetic 
and five logical 


operations 
on the two l6-bit input operands, 
Rand 
S. The 


R-input 
multiplexer 
selects between data from the RAM 


A-port and data at the external data input, DI5-0. The 
S-input multiplexer 
selects between data from the RAM 


A-port, 
the RAM B-port, and the Q-register. 
The Rand 
S 


~ultiplexers 
are controlled 
by the 10, 1,2 inputs as shown 


In Table I.The Rand 
S input multiplexers 
each have an 


"inhibit 
capability," 
offering a state where no data is 


passed. This is equivalent 
to a source operand consisting 
of 


all zeroes. The Rand 
S ALU source multiplexers 
are con- 


figured to allow eight pairs of combinations 
of A, B, D, Q, 
and "0" to be selected as ALU input operands. 


The ALU functions, 
which are controlled 
by 13 4 5, are 


shown in Table 2. Carry lookahead 
logic is reside~t on the 


7C9101, using the ALU i'!Puts carry in (Cn) and the ALU 
outputs carry propagate 
(P), carry generate (G), carry out 


(Cn+ 16), and overflow to implement 
carry lookahead 


arithmetic 
and determine 
if arithmetic 
overflow has oc- 
curred. Note that the carry in (Cn) signal affects the arith- 
metic result and internal flags; it has no effect on the logi- 
cal operations. 
. 


Control 
signals 16,7, 8 route the ALU data output 
(PI5-0) 


to the RAM, the Q-register 
inputs, and the Y-outputs 
as 


shown in Table 3. The ALU result MSB (PI5) is output so 
the user may examine the sign bit without 
needing to en- 


able the three-state 
outputs. 
The F = 0 output, 
used for 


zero detection, 
is HIGH when all bits of the F output are 


LOW. It is an open drain output 
which may be wire OR'ed 


across multiple 7C910l 
processor slices. 


D15 
D14 
••• 
D1 
DO 
B15 
B14 
••• 
B1 
BO 


°15 


"'15 


°14 


"'14 
• 
• 
• 
• 
• 
• 
"'1 
"'0 


12 


11 


10 


R, 
Re 
S'5 
514 
••• 
S, 


I6-BIT 
ARITHMETIC 
LOGIC UNIT (ALU) 


F15 
F14 
••• 
F1 
Fe 


ALU 


DESTINATION 
DECODE 


Octal 
Group 
Function 
1543,1210 


40 
AIIQ 


41 
AND 
AIIB 
. 


45 
DIIA 
46 
DIIQ 


30 
AVQ 


3 I 
OR 
AVB 


35 
DVA 


36 
DVQ 


60 
AVQ 


6 I 
EX-OR 
AVB 


65 
DVA 


66 
DVQ 


70 
AVQ 


7 I 
EX-NOR 
AVB 


75 
DVA 


76 
DVQ 


72 
Q 


73 
INVERT 
B 


74 
A 


77 
D 


62 
Q 


63 
PASS 
B 


64 
A 


67 
D 


32 
Q 


33 
PASS 
B 


34 
A 


37 
D 


42 
0 


43 
"ZERO" 
0 


44 
0 


47 
0 


50 
AIIQ 


5 I 
MASK 
AIIB 


55 
DIIA 


56 
DIIQ 


Octal 
Cn = o (Low) 
Cn = 1 (High) 


1543,1210 
Group 
Function 
Group 
Function 


00 
A+Q 
A+Q+I 


01 
ADD 
A+B 
ADD plus 
A+B+I 


05 
D+A 
one 
D+A+I 


06 
D+Q 
D+Q+l 


02 
Q 
Q+I 


03 
PASS 
B 
Increment 
B+I 


04 
A 
A+I 
07 
D 
D+I 


12 
Q-I 
Q 


13 
Decrement 
B-1 
PASS 
B 


14 
A-I 
A 


27 
D-I 
D 


22 
-Q-I 
-Q 


23 
l'sComp. 
-B-1 
2'sComp. 
-B 
24 
-A-I 
(Negate) 
-A 


17 
-D-I 
-D 


10 
Q-A-I 
Q-A 


II 
B-A-I 
B-A 


15 
A-D-I 
A-D 


16 
Subtract 
Q-D-I 
Subtract 
Q-D 


20 
(I's Comp.) 
A-Q-I 
(2's Comp.) 
A-Q 


2 I 
A-B-I 
A-B 


25 
D-A-I 
D-A 


26 
D-Q-I 
D-Q 


Conventional 
Addition and Pass-Increment/ 


Decrement 


When the carry-in is HIGH 
and either a conventional 
ad- 


dition or a PASS operation 
is performed, 
one (I) is added 


to the result. If the DECREMENT 
operation 
is performed 


when the carry-in is LOW, the value of the operand is 
reduced by one. However, when the same operation 
is per- 


formed when the carry-in is HIGH, 
it nullifies the DEC- 


REMENT 
operation 
so that the result is equivalent 
to the 


PASS operation. 
In logical operations, 
the carry-in 
(Cn) 


will not affect the AL U output. 


Subtraction 


Recall that in two's complement 
integer coding 
- I is 


equal to all ones and that in one's complement 
integer cod- 
ing zero is equal to all ones. To convert a positive integer to 
its two's complement 
(negative) equivalent, 
invert (comple- 
ment) the number and add I to i1;i.e., TWC = ONC 
+ 
I. 


In Table 6 the symbol -Q 
represents 
the two's comple- 


ment of Q so that the one's complement 
of Q is then 
-Q -I. 


• 
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Electrical Characteristics Over Commercial 
and Military Operating 
Range[4] 


Vcc Min. = 4.5V, VCC Max. = 5.5V 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min.,IOH 
= -3.4 
mA 
2.4 
V 
All Outputs except F = 0 


VOL 
Output LOW Voltage 
Vcc = Min. 
0.4 
V 
IOL = 16mA 


VtH 
Input HIGH Voltage 
2.0 
Vcc 
V 


VIL 
Input LOW Voltage 
-3.0 
0.8 
V 


IIX 
Input Leakage Current 
VSS :5:VIN :5:VCC 
-10 
10 
f-lA 
Vcc = Max. 


IOH 
Output HIGH Current 
Vcc = Min., VOH = 2.4V 
-3.4 
mA 
All Outputs except F = 0 


IOL 
Output LOW Current 
VCC = Min. 
16 
mA 
. 
VOL = 0.4V 
. 
VCC = Max. 
+40 
f-lA 
IOZ 
Output Leakage Current 
VOUT = Vss to Vcc 
-40 
IJoA 


Isc 
Output Short Circuit Currendl] 
VCC = Max., VOUT = OV 
-85 
mA 
All Outputs except F = 0 


ICc(QI)[2] 
Supply Current 
Commercial 
VSS :5:VIN :5:VIL or 
30 
mA 
(Quiescent) 
Military 
VIH :5:VIN :5:Vcc; OE = HIGH 
35 


Icc(Qz)[Z] 
Supply Current 
Commercial 
Vss :5:VIN :5:O.4Vor 
25 


mA 
(Quiescent) 
Military 
3.85V :5:VIN :5:Vcc; OE = HIGH 
30 


Icc(Max.) [2] 
Supply Current 
Commercial 
Vcc = Max., fCLK = 10 MHz; 
60 
mA 


Military 
OE = HIGH 
85 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25°C, f= 
I MHz 
8 
pF 


COUT 
Output Capacitance 
Vcc = 5.0V 
10 


Notes: 


1. Not more than one output 
should 
be tested 
at a time. 
Duration 
of the 


short circuit 
should 
not be more than one second. 


2. Two quiescent 
figures 
are given for different 
input voltage 
ranges. 
To 


calculateIce at anygivenfrequency,useIeC<QI)+ lec<A.C.)where 
IeC<QI)isshownaboveand IeC<A.C.)~ (3mA/MHz) X Clock 
Frequency 
for the Commercial 
temperature 
range. IcclA.C.) 
= 
(5mA/MHz) x ClockFrequencyfor Militarytemperaturerange. 


3. Tested 
initially 
and after any design 
or process 
changes 
that may 


affect 
these 
parameters. 


4. See the last page of this specification 
for Group 
A subgroup 
testing 


information. 


+5 V 


~ 270!! 


va~ 
I 


CL 
T1 


252n 


VOUT 


:J;CL 
17Sn 


Notes: 


t. CL = 50 pF includes 
scope 
probe, 
wiring 
and stray capacitance. 


2. CL = 5 pF for output 
disable 
tests. 


5J:~= 
================================================C=Y==7=C=9=1=O=1 


1543 
Function 
P 
G 
Cn+16 
OVR 


0 
R+S 
PO-PIS 
GI5 + PISGI4 + PISPI4G13 + 
CI6 
CI6 V- CI5 
... 
+ PI-ISGO 


1 
S-R 
.- 
Same as R + S equations, but substitute Rj for Rj in definitions 
--+ 


2 
R-S 
.- 
Same as R + S equations, but substitute Sj for Sj in definitions 
--+ 


3 
RVS 


4 
RI\S 


5 
RI\S 
HIGH 
HIGH 
LOW 
LOW 


6 
R V- S 


7 
R V- S 


Definitions: 
+ 
= OR 


PO-15 = PIS PI4 P13 P12 PI I PIO P9 Pg P7 P6 Ps P4 P3 P2 PI Po 
Po = Ro + So 
PI = RI + S2 
P2 = R2 + S2 
P3 = R3 + S3, etc. 


GO-15 = GI5 GI4 G13 G12 Gil GIO G9 Gg G7 G6 G5 G4 G3 G2 GI Go 


Go = RoSo 
GI = RISI 
G2 = R2 S2 
G3 = R3 S3, etc. 
C16 = GI5 + PI5 GI4 + PI5 PI4 G13 + 
+ PO-15 Cn 


CIS = GI4 + P14 G13 + PI4 P13 G12 + 
+ PO-14 Cn 


CY7C9101·30 and CY7C9101·40 Guaranteed 
Commercial Range AC Performance 
Characteristics 


The tables below specify the guaranteed 
AC performance 


of these devices over the Commercial 
(O°C to 70°C) and 


Military 
(- 
55°C to + 125°C) operating 
temperature 
range 


with Vcc varying from 4.5V to 5.5V. All times are in 
nanoseconds 
and are measured between the 1.5V signal lev- 


els. The inputs switch between OV and 3V with signal tran- 
sition rates of IV per nanosecond. 
All outputs 
have maxi- 


mum DC current 
loads. See also loading circuit informa- 


tion. 


This data applies to parts with the following numbers: 


CY7C9101-30PC 
CY7C9101-30DC 
CY7C9101-30LC 
CY7C9101-30JC 
CY7C9101-30GC 


CY7C9IOl-40PC 
CY7C9IOl-40DC 
CY7C9101-40LC 
CY7C9101-40JC 
CY7C9101-40GC 
Combinational 
Propagation 
Delays. 
CL = 50 pF 


CY7C9101- 
30 
40 


Read-Modify-Write Cycle (from 
30 ns 
40 ns 


selection of A, B registers to 


-end of cycle). 
Maximum Clock Frequency to shift Q 
33 MHz 
25 MHz 


(50% duty cycle, I = 432 or 632) 
Minimum Clock LOW Time 
20ns 
25 ns 


Minimum Clock HIGH Time 
IOns 
15 ns 


Minimum Clock Period 
30 ns 
40ns 


To Output 
y 
F15 
Cn + 16 
G,t> 
F=O 
OVR 
RAMo 
Qo 


From Input 
RAM15 
Q15 


CY7C9101- 
30 
40 
30 
40 
30 
40 
30 
40 
30 
40 
30 
40 
30 
40 
30 
40 
A, B Address 
37 
47 
36 
47 
35 
44 
32 
41 
35 
46 
32 
42 
32 
40 
- 
- 


D 
29 
34 
28 
34 
25 
32 
25 
30 
29 
36 
21 
26 
27 
33 
- 
- 
Cn 
22 
27 
22 
27 
20 
25 
- 
- 
22 
26 
22 
26 
24 
30 
- 
- 


10.1.2 
32 
40 
32 
40 
30 
38 
28 
36 
34 
42 
26 
32 
27 
35 
- 
- 


13.4.5 
34 
43 
33 
42 
33 
42 
27 
35 
34 
40 
32 
42 
29 
38 
- 
- 


16,7,8 
19 
22 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
22 
26 
22 
26 


A Bypass ALU 
25 
30 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
(I = 2XX) 
Clock.f 
31 
40 
30 
39 
30 
38 
27 
34 
28 
37 
27 
34 
27 
35 
20 
23 


• 


CP: 
~~ 
{- 


Input 
-'- -- 


Set-UpTime 
Hold Time 
Set-up Time 
Hold Time 


BeforeH 
~ 
L 
After H ~ 
L 
BeforeL 
~ 
H 
AfterL 
~ 
H 


CY7C9101- 
30 
40 
30 
40 
30 
40 
30 
40 


A, B Source Address 
10 
IS 
3[31 
3[31 
30[41 
40[4J 
0 
0 


B Destination Address 
10 
15 
+- 
Do Not Changd2] 
~ 
0 
0 


D 
- 
- 
- 
- 
22 
28 
0 
0 


Cn 
- 
- 
- 
- 
16 
22 
0 
0 


10,1,2 
- 
- 
- 
- 
26 
35 
0 
0 


13,4,5 
- 
- 
- 
- 
29 
37 
0 
0 


16,7,8 
10 
12 
+- 
Do Not Change[2] 
~ 
0 
0 


RAMo, RAM15, Qo, Q15 
- 
- 
- 
- 
11 
14 
0 
0 


Output Enable/Disable 
Times 


Output 
disable tests performed 
with CL = 5 pF and measured 
to 0.5V change of output voltage level. 


Device 
Enable 
3. ~~~rl~ewa~i~~StS~~~~:~~heS;~~I:C~~~~at~~Po~~lt~~\~ch: 
c~:;~~~~i~ 
CY7C91O1-30 
18 
addressmaythenbechanged.The Baddresscouldbechangedifit is 
CY7C9101-40 
22 
not a destination;i.e.ifdata isnot beingwrittenbackinto theRAM. 
Normally A and B are not changed during the clock LOW time. 


4. The set-up time prior to the clock L -+ 
H transition is to allow time 


for data to be accessed, passed through the ALU, and returned to the 
RAM. It includes all the time from stable A and B addresses to the 
clock L 
---+ 
H transition, regardless of when the clock H 
.-.....+- L 


transition occurs. 


Notes: 
l. A dash indicates a propagation delay path or set-up time constraint 


does not exist. 
2. Certain signals must be stable during the entire clock LOW time to 
avoid erroneous operation. This is indicated by the phrase "do not 
change". 


~CfWFSS 
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CY7C9101-35 and CY7C9101-45 Guaranteed 
Military 
Range AC Performance 


Characteristics 


The tables below specify the guaranteed 
AC performance 


of these devices over the Military (- 
55°C to + 125°C) op- 


erating temperature 
range with Vcc varying from 4.5V to 
5.5V. All times are in nanoseconds 
and are measured be- 


tween the 1.5V signal levels. The inputs switch between OV 
and 3V with signal transition 
rates of IV per nanosecond. 
All outputs 
have maximum 
DC current 
loads. See also 
loading circuit information. 


This data applies to parts with the following numbers: 


CY7C9101-35DMB 
CY7C9101-35LMB 
CY7C9101-35GMB 


CY7C9101-45DMB 
CY7C9101-45LMB 
CY7C9101-45GMB 


Combinational 
Propagation 
Delays CL = 50 pF[5] 


CY7C9101- 
35 
45 


Read-Modify-Write 
Cycle (from 
35 ns 
45 ns 


selection of A, B registers to 
end of cycle). 


Maximum Clock Frequency to shift Q 
28 MHz 
22 MHz 


(50% duty cycle, I = 432 or 632) 
Minimum Clock LOW Time 
23 ns 
28 ns 


Minimum Clock HIGH Time 
12 ns 
17 ns 


Minimum Clock Period 
35 ns 
45 ns 


To Output 
Y 
F15 
Cn + 16 
C,P 
F=O 
OVR 
RAMo 
Qo 
From Input 
RAM15 
Q15 


CY7C9101- 
35 
45 
35 
45 
35 
45 
35 
45 
35 
45 
35 
45 
35 
45 
35 
45 


A, B Address 
41 
52 
40 
51 
38 
48 
37 
45 
40 
48 
36 
46 
36 
43 
- 
- 
D 
31 
37 
31 
36 
29 
36 
28 
32 
33 
40 
23 
32 
30 
35 
- 
- 


Cn 
25 
30 
24 
29 
23 
27 
- 
- 
24 
29 
23 
27 
26 
31 
- 
- 


10,1,2 
36 
44 
35 
43 
33 
41 
31 
38 
38 
46 
29 
38 
30 
38 
- 
- 


13,4,5 
38 
48 
37 
47 
37 
46 
31 
38 
38 
45 
36 
45 
33 
41 
- 
- 


16,7,8 
21 
24 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
24 
28 
24 
28 


A Bypass ALU 
28 
33 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
(I = 2XX) 
Clock ....r 
35 
44 
34 
43 
34 
42 
30 
37 
34 
40 
28 
38 
30 
37 
21 
25 


CP: 
V- 
-' ,.- 
Input 
--- -- 


Set-UpTime 
Hold Time 
Set-UpTime 
Hold Time 


BeforeH 
-+ L 
AfterH 
-+ L 
BeforeL 
-+ H 
AfterL 
-+ H 


CY7C9101- 
35 
45 
35 
45 
35 
I 
45 
35 
45 
A, B Source Address 
12 
17 
3[3J 
3[3J 
35[4J 
I 
45[4J 
0 
0 
B Destination Address 
12 
17 
+- 
Do Not Change[2J 
-+ 
1 
1 
D 
- 
- 
- 
- 
25 
30 
0 
0 
Cn 
- 
- 
- 
- 
19 
24 
0 
0 


10,1,2 
- 
- 
- 
- 
30 
37 
0 
0 


13,4,5 
- 
- 
- 
- 
33 
40 
0 
0 


16,7,8 
12 
16 
+- 
Do Not Changel2J 
-+ 
0 
0 
RAMo, RAMI5, Qo, QI5 
- 
- 
- 
- 
13 
15 
1 
1 


Output Enable/Disable 
Times[S] 


Output disable tests performed 
with CL = 5 pF and measured 
to 0.5V change of output voltage level. 


Device 
Output 
3. ~~~11~~a~~~t:a:: 
~es~~~~~~~~~t~~~~Jt~ekl~ch: c~~~~~~i~ 


CY7C9101-35 
Y 
address may then be changed. The Baddress could be changed ifit is 


CY7C91 0 1-45 
Y 
not a destination; i.e. if data is not being written back into the RAM. 
Normally A and B are not changed during the clock LOW time. 


4. The set-up time prior to the clock L ~ 
H transition is to allow time 


for data to be accessed, passed through the ALU, and returned to the 
RAM. It includes all the time from stable A and B addresses to the 
clock L ~ 
H transition, regardless of when the clock H 
---+- 
L 


transition occurs. 


5. See the last page of this specification for Group A subgroup testing 


information. 


Notes: 
1. A dash indicates a propagation delay path or set-up time constraint 


does not exist. 
2. Certain signals must be stable during the entire clock LOW time to 


avoid erroneous operation. This is indicated by the phrase "do not 
change". 


• 
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Applications 


Minimum 
Cycle Time Calculations 
for 16·Bit Systems 


Speeds used in calculations 
for parts other than CY7C9101 
and CY7C910 are representative 
for available MSI parts. 


CY7C245 
CY7C901 
Register 


Data Loop 


Clock to Output 
A, B to Y, Cn+ 16, OVR 
Setup 


CY7C245 
MUX 
CY7C91O 
CY7C245 


12 


37 
4 


53 ns 


Control 
Loop 


Clock to Output 
Select to Output 
CCtoOutput 
Access Time 


12 
12 
22 
20 


66 ns 


RAMO 
RAM15 


FI5 
CY7C9101 
F=o 


OVR 


en+ 16 


CY7C245 
CY7C9101 
XORandMUX 


Data Loop 
Clock to Output 
A, B to Y, Cn+ 16, OVR 
Prop. Delay, Select 
to Output 
RAMI5 
Setup 
II 


80 ns 


Minimum 
Clock Period 
= 80 ns 


CY7C245 
MUX 
CY7C91O 
CY7C245 


Control 
Loop 


Clock to Output 
Select to Output 
CCtoOutput 
Access Time 


12 
12 
22 
20 


66 ns 


~~ 
~nEMICCJNDUCTOR 
_ 


NORMALIZED 
SUPPLY CURRENT 
1.2 YS. AMBIENT 
TEMPERATURE 


NORMALIZED 
SUPPLY CURRENT 


1.6 
YS. SUPPLY 
VOLTAGE 


1.4 
u 
.Y 
0 
1.2 
w 
N::;... 
:E 
1.0 


a:0z 
0.8 
f= 
10t.4Hz 


TA = 25°C 
0.6 


4.0 
4.5 
5.0 
5.5 
6.0 


OUTPUT 
SOURCE CURRENT 


60 YS. VOLTAGE 


50 


VCC= 5.0V 
TA = 25°C 


40 


30 


20 


10 


0 


0 
1.0 
2.0 
3.0 
4.0 


OUTPUT VOLTAGE (V) 


OUTPUT 
SINK CURRENT 
NORMALIZED 
FREQUENCY 
OUTPUT SINK CURRENT 


YS. OUTPUT 
VOLTAGE 
YS. AMBIENT 
TEMPERATURE 
YS. OUTPUT 
VOLTAGE 
175 
1.6 
140 
<- 
150 
>- 
<- 
120 
-S 
u 
1.4 
-S 
• 


z 
.... 


125 
w 
.... 


100 
z 
::l 
Z 


W 
0 
w 
a: 
a: 
a: 
w 
1.2 
a: 
::l 
100 
a: 
::l 
80 
u 
VCC=5.0V 
... 
u 
0 
VCC = 5.0V 
'" 
75 
TA = 250C 
w 
'" 
60 
z 
N 
1.0 
z 
TA = 25°C 
Vi 
::; 
Vi 
.... 
..• 
VCC = 5.0V 
.... 
:E 
::l 
a: 
::l 
0- 
0.8 
0- 
.... 
0 
.... 


::l 
25 
z 
::l 
20 
0 
0 


0 
0.6 
0 
0 
1.0 
2.0 
3.0 
4.0 
-55 
25 
125 
0 
1.0 
2.0 
3.0 
4.0 


OUTPUT VOLTAGE (V) 
At.4BIENT TEt.4PERATURE(OC) 
OUTPUT VOLTAGE (V) 


TYPICAL OUTPUT 
DELAY 
CHANGE 
YS. OUTPUT LOADING 
1.6 


VCC=5.0V 


TA = 25°C 


200 
400 
600 
600 
1000 


CAPACITANCE (pF) 


NORMALIZED 
Ice 


YS. FREQUENCY 
1.1 


1.0 
u 
.Y 


0 
0.9 
w 
N::;..• 
:E 
0.8 
a:0Z 


0.7 


./ 
/ 
/ 
/' 


VCC = 5.5V 
/ 
TA = 25OC_ 


VIN = OVor 3V 


I 
I 
o 
o 
5 
10 
15 
20 
25 
30 
35 


FREQUENCY (t.4Hz) 


Speed 
Ordering Code 
Package 
Operating 


(ns) 
Type 
Range 


30 
CY7C9101-30 PC 
P29 
Commercial 


CY7C9101-30 LC 
L81 


CY7C9101-30JC 
J81 


CY7C9101-30 DC 
030 


CY7C9101-30GC 
G68 


40 
CY7C9101-40 PC 
P29 
CY7C9101-40 LC 
L81 
- 


CY7C9101-40 JC 
J81 
CY7C9101-40 DC 
D30 
CY7C9101-40 GC 
G68 


35 
CY7C9101-35 LMB 
L81 
Military 
CY7C9101-35 DMB 
030 


CY7C9101-35 GMB 
G68 


45 
CY7C9101-45 LMB 
L81 


CY7C9101-45 DMB 
030 
CY7C9101-45 GMB 
G68 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL Max. 
1,2,3 


IIX 
1,2,3 


IOZ 
1,2,3 


Isc 
1,2,3 


ICC<QI) 
1,2,3 


Icc (Q2) 
1,2,3 


IcC<Max.) 
1,2,3 


Parameters 
Subgroups 


From A, B Address to Y 
7,8,9,10,11 


From A, B Address to FI5 
7,8,9,10,11 


From A, B Address to Cn+ 16 
7,8,9,10, II 


From A, B Address to G, P 
7,8,9,10,11 


From A, B Address to F = 0 
7,8,9,10,11 


From A, B Address to OVR 
7,8,9,10, II 


From A, B Address to RAMO, 15 
7,8,9,10,11 


From D to Y 
7,8,9,10,11 


From D to FI5 
7,8,9,10,11 


From D to Cn+ 16 
7,8,9,10,11 


FromDtoG, 
P 
7,8,9,10,11 


From Dto F = 0 
7,8,9,10, II 


From DtoOVR 
7,8,9,10, II 


From D to RAMO, 15 
7,8,9,10, II 


From Cn to Y 
7,8,9,10, II 


From Cn to FI5 
7,8,9,10,11 


From Cn to Cn+ 16 
7,8,9,10,11 


Parameters 
Subgroups 


From Cn to F = 0 
7,8,9,10, II 


From Cn to OVR 
7,8,9,10,11 


From Cn to RAMO, 15 
7,8,9,10, II 


From IOl2to Y 
7,8,9,10, II 


From IOl2to FI5 
7,8,9,10, II 


From IOl2to Cn+ 16 
7,8,9,10,11 


From IOl2to G, P 
7,8,9,10,11 


From IOl2to F = 0 
7,8,9,10,11 


From IOl2to OVR 
7,8,9,10, II 


From IOl2to RAMO, 15 
7,8,9,10,11 


From 1345to Y 
7,8,9,10, II 


From 1345to F 15 
7,8,9,10, II 


From 1345to Cn + 16 
7,8,9,10,11 


From 1345to G, P 
7,8,9,10, II 


From 1345to F = 0 
7,8,9,10, II 


From 1345to OVR 
7,8,9,10, II 


From 1345to RAMO, 15 
7,8,9,10,11 


From 1678to Y 
7,8,9,10,11 


From 1678to RAMO, 15 
7,8,9,10,11 


From 1678to Qo, 15 
7,8,9,10,11 


From A Bypass ALU to Y 
7,8,9,10, II 
(I = 2XX) 


From Clock ~ 
to Y 
7,8,9,10,11 


From Clock ~ 
to FI5 
7,8,9,10, II 


From Clock ~ 
to Cn + 16 
7,8,9,10, II 


From Clock ~ 
to G, P 
7,8,9,10,11 


From Clock ~ 
to F = 0 
7,8,9,10,11 


From Clock ~ 
to OVR 
7,8,9,10,11 


From Clock ~ 
to RAMO, 15 
7,8,9,10,11 


From Clock ~ 
to Qo, 15 
7,8,9,10,11 
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Parameters 
Subgroups 


A, B Source 
Address 
7,8,9,10,11 


Set-up 
Time 
Before 
H -+L 


A, B Source 
Address 
7,8,9,10,11 


Hold 
Time 
After 
H -+ L 


A, B Source 
Address 
7,8,9,10,11 


Set-up 
Time 
Before L -+ 
H 


A, B Source 
Address 
7,8,9,10,11 


Hold 
Time 
After L -+ 
H 


B Destination 
Address 
7,8,9,10,11 


Set-upTime 
Before 
H -+ L 


B Destination 
Address 
7,8,9,10,11 


Hold 
Time 
After 
H -+ L 


B Destination 
Address 
7,8,9,10,11 


Set-upTime 
Before L -+ 
H 


B Destination 
Address 
7,8,9,10,11 


Hold 
Time 
After L -+ 
H 


D Set-up 
Time 
Before L -+ 
H 
7,8,9,10,11 


Parameters 
Subgroups 


D Hold Time 
After L -+ 
H 
7,8,9,10,11 


Cn Set-up 
Time 
Before L -+ 
H 
7,8,9,10,11 


Cn Hold Time 
After L -+ 
H 
7,8,9,10,11 


1012 Set-up 
Time 
Before L -+ 
H 
7,8,9,10,11 


1012 Hold Time 
After L -+ 
H 
7,8,9,10, 
II 


1345 Set-up 
Time 
Before L -+ 
H 
7,8,9,10, 
II 


1345 Hold 
Time 
After L -+ 
H 
7,8,9,10,11 


1678 Set-up 
Time 
Before 
H -+ L 
7,8,9,10, 
II 


1678 Hold 
Time 
After 
H -+ L 
7,8,9,10,11 


1678 Set-up 
Time 
Before L -+ 
H 
7,8,9,10,11 


1678 Hold 
Time 
After L -+ 
H 
7,8,9,10, 
II 


RAMo, 
RAMI5, 
Qo, Ql5 
7,8,9,10, 
II 


Set-up 
Time 
Before L -+ 
H 


RAMo, 
RAMI5, 
Qo, Ql5 
7,8,9,10,11 


Hold 
Time 
After L -+ 
H 


--.'~ 


oflE ·CYPRESS 
F 
SEMICONDUCTOR 


CY7C9115 


CY7C9116/CY7C9117 


Features 


• 
Fast 
- 
35 ns worst case propagation 
delay, I to Y 


• 
Low power CMOS 
- 
Ice (max. at 10 MHz) 
145 mA (commercial) 
- lee (max. static) 
= 68 mA 


(commercial) 


• 
Vee margin 
- 
5V ±10% 


- 
All parameters 
guaranteed 


over commercial 
and military 


operating 
temperature 
range 


• 
Instruction 
set and architecture 


optimized 
for high speed 


controller 
applications 


CMOS 16-Bit 


Microprogrammed 
ALU 


• 
CY7C9117 
separate 
I/O 
- 
One and two operand 
arithmetic 
and logical 
operations 
- 
Bit manipulation, 
field 
insertion/extraction 
instructions 
- 
Eleven types of instructions 


• 
Immediate 
instruction 
capability 


• 
16-bit barrel 
shifter 
capability 


• 
32-word x 16-bit register 
file 


• 
8-bit status 
register 
- 
Four ALU status 
bits 
- 
Link bit and three 
user 
definable 
status 
bits 


• 
ESD protection 
- 
Capable 
of withstanding 


greater 
than 2001 V static 


discharge 
voltage 


• 
Pin compatible 
and functionally 


equivalent 
to 29116, 29116A, 


29C116, 29117, 29117A, 29C117 


Functional 
Description 


The CY7C911S, CY7C9116 
and 
CY7C9117 
are high speed 16-bit mi- 
croprogrammed 
Arithmetic 
and Logic 


Units, (ALU). 


The architecture 
and instruction 
set of 


the devices are optimized 
for peripheral 
controller 
applications 
such as disk 


controllers, 
graphics controllers, 
com- 


munications 
controllers, 
and modems. 


7C9115-35 
7C9115-40, 45 
7C9115-65 
7C9115-79 


7C9116-35 
7C9116-40,45 
7C9116-65 
7C9116-79 
7C9117-35 
7C9117-40,45 
7C9117-65 
7C9117-79 


Worst Case I-Y 
Commercial 
35 
45 
65 
Propagation Delay (ns) 
Military 
40 
65 
79 


Maximum Operating 
Commercial 
145 
145 
145 


Current 
@ 10 MHz (mA) 
Military 
166 
166 
166 


• 


Functional Description (Continued) 


When used with the CY7C517 
multiplier, 
the CY7C9115, 
CY7C9116 
and CY7C9117 
also support 
micropro- 


grammed 
processor applications. 


The CY7C9115, 
CY7C9116 and CY7C9117 
are shown in 


the block diagram, 
consists of a 32-word by 16-bit single- 


port RAM register file, a 16-bit arithmetic 
unit and logic 
unit, an instruction 
latch and decoder, a data latch, an 


accumulator 
register, a 16-bit barrel shifter, a priority en- 


coder, a status register, a condition 
code generator 
and 


multiplexer, 
and three-state 
output buffers. 


The instruction 
set of the CY7C9115, 
CY7C9116 
and 


CY7C9117 
can be divided into eleven instruction 
types: 
single-operand, 
two-operand, 
single-bit shifts, rotate and 


merge, rotate and compare, 
rotate by n-bits, bit oriented 


instructions, 
prioritize, 
Cyclic Redundancy 
Check (CRe), 


status, and NO-OP. 
Instruction 
execution occurs in a sin- 


gle clock cycle except for Immediate 
Instructions, 
which 


require two clock cycles to execute. 


The CY7C9116 
and CY7C9117 
are pin compatible, 
func- 
tional equivalent 
of the industry 
standard 
29116, 29116A, 


29C116, 29117, 29117A, 29CI17 
with improved 
perform- 
ance. 


Fabricated 
in an advanced 
1.2 micron, two-level metal 
CMOS process, the CY7C9115, 
CY7C9116 
and 


CY7C9117 eliminates 
latch up, has ESD protection 
greater 


than 200 IV, and achieves superior 
performance 
with low 


power dissipation. 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, 
not tested.) 


Storage Temperature 
-65°C 
to + 150°C 
Static Discharge 
Voltage 
> 200IV 
Ambient 
Temperature 
with 
(Per MIL-STD-883 
Method 
3015) 


Power Applied 
- 55"C to + 125°C 
Latchup 
Current 
(Outputs) 
> 200 mA 


Supply Voltage to Ground 
Operating Range 


PotentIal 
-0.5V 
to +7.0V 


DC Voltage Applied to Outputs 
in High Z State 
-0.5V 
to + 7.0V 


DC Input Voltage 
- 3.0V to + 7.0V 


Output 
Current 
into Outputs 
(Low) 
30 mA 


'" 
Yo 


Y, 


Y2 


Y, 


Y. 


Y, 


Y. 


GND 
OEy 


Y7 
vcc 
vcc 
Y. 


Y. 


Y,o 


OLE 


GND 


Y" 


Y'2 
Y" 


Y •• 
Y" 


NC 
} 
RESERVED 
NC 


T, 


Range 
Ambient 
Vcc 
Temperature 
Commercial 
O°Cto + 70°C 
5V ± 10% 


Military[I) 
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5V ± 10% 
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Description 
of Architecture 


The CY7C9115, 
CY7C9116 
and CY7C9117 are 16-bit mi- 


croprogrammed 
arithmetic 
and logic units comprised 
of 


the following sections (see block diagram): 


• 
32 Word x 16-Bit Register 
File 


• 
Data Latch 
• 
Instruction 
Latch and Decoder 


• 
Accumulator 
• 
Logic Unit with a 16-bit Barrel Shift Capability 


• 
Arithmetic 
Unit 


• 
Priority 
Encoder 


• 
Condition 
Code Generator 
and Multiplexer 


• 
Status Register 


• 
Output 
Buffers 


32-Word x 16-Bit Register 
File 


The 32-word x 16-bit register file is a single port RAM 
with a 16-bit latch at the output. The latch is transparent 
while CP is HIGH 
and latched when CP is LOW. If IEN is 
LOW and the current 
instruction 
specifies the RAM at its 
destination, 
data is written into the RAM while CP is 
LOW. Word instructions 
write into alll6-bits 
of the RAM 


word addressed; 
byte instructions 
write into only the lower 


eight bits. 


Use of an external multiplexer 
on five of the instruction 


inputs makes it possible to select separate read and write 
addresses for the same NON-IMMEDIATE 
instruction. 


Immediate 
Instructions 
do not allow this two-address 
oper- 


ation for the 7C9115 and 7C9116. The 7C9117 does sup- 
port two-address 
Immediate 
Instructions. 


Data Latch 


The data latch holds the 16-bit input to the CY7C9115, 
CY7C9116 
and CY7C9117 
from the Y (bidirectional) 
bus 
for the 7C9115 and 7C9116 and the data bus for the 
7C9117. When DLE is HIGH, 
the latch is transparent, 
it is 


latched when DLE is LOW. 


Instruction 
Latch and Decoder 


The 16-bit instruction 
latch is always transparent, 
except 


when Immediate 
Instructions 
are executed. The Instruc- 


tion Decoder decodes the instruction 
inputs into the inter- 


nal signals which control the CY7C9115, 
CY7C9116 
and 


CY7C9117. 
All instructions 
other than Immediate 
Instruc- 


tions execute in a single clock cycle. 


Execution 
of Immediate 
Instructions 
takes two clock cy- 


cles. During the first clock cycle, the Instruction 
Decoder 


identifies the instruction 
as an Immediate 
Instruction 
and 


the Instruction 
Latch captures 
the instruction 
at the in- 


struction 
inputs. For Immediate 
Instructions, 
the data at 


the instruction 
inputs during the second clock cycle is used 


as one of the operands 
for the Immediate 
Instruction 
speci- 


fied during the first clock cycle. Upon completion 
of the 
Immediate 
Instruction 
(the end of the second clock cycle), 
the Instruction 
Latch again becomes transparent. 


Accumulator 


The accumulator 
is a 16-bit edge triggered 
register. If the 
IEN is LOW and the current 
instruction 
specifies the accu- 


mulator 
as its destination, 
the accumulator 
accepts Y input 


data at the clock LOW to HIGH 
transition. 
Word instruc- 
tions write into all 16 bits of the accumulator, 
byte instruc- 


tions write into the lower eight bits. 


16-Bit Barrel Shifter 


The barrel shifter can rotate data input to it from either the 
register file, the accumulator, 
or the data latch from 0 to 15 


bit positions. 
In word mode, the barrel shifter rotates a 


16-bit word; in byte mode, it only affects the lower eight 
bits. The barrel shifter is used as one of the ALU inputs. 


Arithmetic 
and Logic Unit 


The CY7C9115, 
CY7C9116 and the CY7C9117 
have an 


arithmetic 
unit and a logic unit. The arithmetic 
unit is ca- 
pable of operating 
on one or two operands 
while the logic 


unit is capable of operating 
on one, two or three operands. 
The two units in parallel are able to execute the one and 
two operand 
instructions 
such as pass, complement, 
two's 


complement, 
add, subtract, 
AND, 
OR, EXOR, 
NAND, 


NOR, and EXNOR. 
Three operand 
instructions 
include 


rotate/merge 
and rotate/masked 
compare. 
There are three 


data types supported 
by the CY7C9115, 
CY7C9116 
and 


CY7C9 II 7; bit, byte, and 16-bit word. 


All arithmetic 
and logic unit operations 
can be performed 


in either word or byte mode, with byte instructions 
per- 


formed only on the lower eight bits. 


Three status output are generated 
by the arithmetic 
unit: 


carry (C), negative (N), and overflow (OYR). A zero flag 
(Z) detects a zero condition, 
though this flag is not generat- 


ed by the arithmetic 
unit or the logic unit. These flags are 


generated 
in either word or byte mode, as appropriate. 


The arithmetic 
unit uses full carry look-ahead 
across all 16 


bits during arithmetic 
operations. 
The carry input to the 


arithmetic 
unit comes from the carry multiplexer, 
which 
can select either zero, one, or a stored carry bit (QC) from 
the status register. Multiprecision 
arithmetic 
uses QC as 


the carry input. 


Priority 
Encoder 


The priority encoder generates a binary-weighted 
code 


based on the location of the highest order ONE in its input 
word or byte. The operand 
to be prioritized 
may be 


AND-ed 
with a mask to eliminate certain bits from the 


priority encoding. This masking is performed 
by the logic 


unit. 


In word mode, the output 
is a binary one if bit 15 is the 


first (unmasked) 
HIGH 
encountered, 
a binary two ifbit 
14 


is the first HIGH 
and so on. Ifbit 0 is the only HIGH, 
the 
output of the priority encoder is binary 
16. Ifno bits are 


HIGH, 
a binary zero is output. 


In byte mode, only bits 7 through 
0 are examined. 
Bit 7 


HIGH 
produces a binary one, bit 6 a binary two, and so 


on. Ifbit 0 is the only HIGH, 
a binary eight is output; 
ifno 


bits are HIGH, 
a binary zero is output. 


Condition 
Code Generator 
and Multiplexer 


The twelve condition 
code test signals are generated 
in this 
section. The multiplexer 
selects one of these twelve and 


places it at the CT output. The multiplexer 
is addressed 
by 


either using the Test Instruction 
or by using the bidirec- 
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tional T bus as an input. The test instruction 
specifies the 


test condition 
to be placed at the CT output, 
but it does not 


allow an ALU operation 
at the same time. Using the T bus 
as input, the CY7C91IS, 
CY7C9ll6 
and CY7C9117 
may 


simultaneously 
test and execute an instruction. 
The test 


instruction 
lines (14-0) take precedence 
over T4-1 for test- 


ing status. 


Status Register 


The 8-bit status word is held by the status register. The 
status register is updated 
at the end of all instructions 
ex- 


cept NO-OP, 
Save Status, and Test Status, provided the 


status register enable (SRE) and instruction 
enable (IEN) 
are both LOW. The status register is inhibited from chang- 
ing if either SRE or IEN are HIGH. 


The lower four status bits are the ALU status: OVR (over- 
flow), N (negative), 
C (carry), and Z (zero). The upper four 


bits are a link bit and three user-defined 
status bits (Flagl, 
Flag2, Flag3). 


As stated above, when IEN and SRE are LOW, the status 
register is updated at the end of all instructions 
other than 


NO-OP, 
Save Status, and Test Status. The lower four 


status bits are updated 
under the above conditions, 
with 


the additional 
exception 
of when IEN and SRE are LOW 


and the Status Set/Reset 
instruction 
is performed 
on the 
upper four bits. When IEN and SRE are LOW, the upper 
four status bits are only changed during their correspond- 
ing Status Set/Reset 
instructions 
and during Status Load 


instructions 
in word mode. The Link-Status 
bit is also up- 


dated after every shift instruction. 


The status register can be loaded via the internal Y bus; it 
can also be selected as a source for the internal Y bus. 
Loading the status register in word mode updates all eight 
bits of the status register. In byte mode, only the lower four 
bits are updated. 


Using the status register as a source in the word mode 
loads all eight bits into the lower byte of the destination; 
the upper byte is zero-filled. In byte mode, the status regis- 
ter loads the lower byte of the destination; 
however the 
upper byte is unchanged. 
Interrupt 
and subroutine 
process- 


ing is facilitated 
by this store/load 
combination, 
which al- 


lows saving and restoring 
the status register. The lower 
four bits of the status register can be read directly by out- 
putting 
them to the T4-1 outputs. 
These outputs are en- 


abled when OET is HIGH. 


Output 
Buffers 


Two sets of bidirectional 
buses exist on the CY7C911 5 and 


CY7C9116. 
The bidirectional 
Y bus (16 bits) is controlled 


by OEy. The three state outputs are enabled when OEy is 
LOW, they are at high impedance 
when OEy is HIGH. 
This will allow data to be input to the data latch from the 
external world. The second bidirectional 
bus is the four-bit 


T bus. These three state buffers are enabled by a HIGH 
on 


OET, which will output 
the internal ALU status bits 
(OVR, N, C, Z). If OET is LOW, the T outputs are at high 
impedance, 
and a test condition 
can be input on the T bus 
to determine 
the CT output. 


The 7C9117 has separate 
Y bus output and Data Input 


buses. All other pins are functionally 
equivalent 
to the 
7C9115 and 7C9116. 


Instruction 
Set 


The instruction 
set of the CY7C9ll5, 
CY7C9ll6 
and 


CY7C9ll7 
is optimized 
for peripheral 
controller 
applica- 


tions. It features: Bit Set, Bit Reset, Bit Test, Rotate and 
Merge, Rotate and Compare, 
and Cyclic-Redundancy- 


Check (CRe) 
generation, 
in addition 
to standard 
Single- or 


Two-Operand 
logical and arithmetic 
instructions. 
A single 


clock cycle will execute all but the Immediate 
Instructions 


which take 2 clock cycles. 


The CY7C9ll5, 
CY7C9ll6 
and CY7C9l17 
can operate in 


three different data modes: bit, byte and word (16 bits). 
The LSB of the word is used for Byte Mode. Also in Byte 
Mode when the status register is specified as the destina- 
tion, only the LSH (OVR, N, C, Z) of the register is 
Table 1. Operand 
Source-Destination 
Combinations 


Instruction 
Type 
Operand 
Combinations 
(Note 1) 


Source (RIS) 
Destination 


Single Operand 
RAM (Note 2) 
RAM 


SOR 
ACC 
ACC 


SONR 
D 
YBus 


D(OE) 
Status 
D(SE) 
ACCand 
I 
Status 
0 


Source (R) 
I Source (S) 
Destination 


Two Operand 
RAM 
ACC 
RAM 


TORI 
RAM 
I 
ACC 


TOR2 
D 
RAM 
YBus 


TONR 
D 
ACC 
Status 


ACC 
I 
ACCand 
D 
I 
Status 


Source (V) 
Destination 


Single Bit Shift 
RAM 
RAM 


SHFTR 
ACC 
ACC 


SHFTNR 
ACC 
Y Bus 


D 
RAM 
D 
ACC 
D 
Y Bus 


Source 
(V) 
Destination 


Rotate 
n Bits 
RAM 
RAM 


ROTRI 
ACC 
ACC 


ROTR2 
D 
YBus 
ROTNR 


Source (RIS) 
Destination 


Bit Oriented 
RAM 
RAM 


BORI 
ACC 
ACC 


BOR2 
D 
Y Bus 
BONR 


Rotated 
I 
Non-Rotated 


Source 
(V) 
Mask(S) 
Sourcel 


Destination 
(R) 


Rotate and Merge 
D 
I 
ACC 


ROTM 
D 
RAM 
ACC 
ROTC 
D 
I 
RAM 
D 
ACC 
RAM 


ACC 
I 
RAM 
RAM 
I 
ACC 


Notes: 


I. If there 
is no division 
between 
the RIS operand 
or SOURCE 
and 


DESTINATION, 
the two are a given 
pair. 
If a division 
exists, 
any 
combination is possible. 


2. RAM 
cannot 
be used 
as source 
when 
both ACe and 
STATUS 
are 
designated as a DESTINATION. 


3. OPERAND 
and 
MASK 
must 
be different 
sources. 


updated. 
Save Status and Test Status instructions 
do not 
change the status register. During Test Status instructions 
the V-bus (or D-bus for the CY7C9117) 
is undefined; 
the 


result is in the CT output. 


The eleven instruction 
types outlined below are described 


in detail on the following pages. 


Single-Operand 
Rotate and Compare 


Two-Operand 
Prioritize 
Single Bit Shift 
CRC 
Rotate and Merge 
Status 
Bit-Oriented 
No-Op 
Rotate by n Bits 


Instruction 
Type 
Operand 
Combinations 
(Note 1) 


Rotated 
Non-Rotated 


Mask(S) 
Sourcel 
Source 
(V) 
Destination 
(R) 


Rotate 
and Compare 
CDAI 
D 
I 
ACC 


CDRI 
D 
I 
RAM 


CDRA 
D 
ACC 
RAM 


CRAI 
RAM 
I 
ACC 


Source (R) 
Mask(S) 
Destination 


Prioritize 
(Note 3) 
RAM 
RAM 
RAM 


PRTl 
ACC 
ACC 
ACC 


PRT2 
D 
I 
YBus 


PRTNR 
0 


Data In 
Destination 
PolynominaI 


Cyclic Redun- 
QLINK 
RAM 
ACC 


dancy Check 
CRCF 
CRCR 


No Operation 
- 
NOOP 


Bits Affected 


Set Reset Status 
OVR, N,C,Z 


SETST 
LINK 


RSTST 
Flag I 


SVSTR 
Flag2 


SVSTNR 
Flag3 


TEST 


Source 
Destination 


Store Status 
Status 
RAM 
ACC 
Y Bus 


Source (R) 
Source (S) 
Destination 


Status Load 
D 
ACC 
Status 


ACC 
I 
Status and 
ACC 


D 
I 


Test Condition 
(CT) 


Test Status 
(NeOVR) 
+ Z 
Z+C 


NeOVR 
N 


Z 
LINK 


OVR 
Flagl 
Low 
Flag2 


C 
Flag3 


Instruction 
Set (Continued) 


OEy is assumed 
LOW for all cases, allowing ALU outputs 


on the Y- or D-bus. 


Instructions 
are individually 
distinguished 
by using 


OP-CODES 
and 2 assigned quadrant 
bits. Four quadrants, 
o to 3, have been assigned to each instruction 
type in order 


to ease groupings 
of instructions 
and addressing 
modes. 


Single Operand 
Instructions 
Each Single Operand 
Instruction 
contains 
four designators: 


I. Mode (Byte or Word) 
2.0pcode 
3. Source 
4. Address or Destination 
These designators 
are divided into two basic categories, 


those which use RAM addresses and those that do not. 


Single Operand 
Field Definitions 
13 
12 
9 
8 


The instruction 
formats shown below are unique for each 


category. 
In both cases the desired operation, 
controlled 
by 


the instruction 
inputs, is performed 
on the source with the 


result either placed on the Y-bus or stored in the destina- 
tion or both. The functions of Extending 
Sign Bit (D(SE)) 


and Binary Zero (D(OE» 
over 16 bits in the Word Mode 


are available for cases where 8-bit to 16-bit conversion 
is 


necessary. The functions 
performed 
using Single Operand 


instructions 
update the LSB of the Status Register (OVR, 


N, C, Z) but do not effect the MSB (FLAGI, 
FLAG2, 


FLAG3, 
LINK). 
Single Operation 
instructions 
are limited 


when both the ACC and Status Register are the destina- 
tion, the source cannot be RAM. 


15 
14 
~---- Quadrant 
Opcode 
SRC-Dest 
RAM Address 


14 
13 
12 
9 
4 
0 


Quadrant 
Opcode 
SRC 
Destination 


Single Operand 
Instruction 
Set 
8 
5 
4 
0 


15 


SONR~ 
_ 


Instruction[l) 
B/W[2] 
Quad(3) 
Opcode 
R/S(4) 
Dest[4] 
RAM Address/Destination 


1100 MOVE 
SRC-+ 
Destסס oo SORA 
RAM 
ACC 
0סס oo ROO 
RAM Reg 00 


1101 COMP 
SRC-+ 
Dest 
0010 SORY 
RAM 
Y Bus 
.. 


1110 INC 
SRC + 1-+ 
Dest 0011 SORS 
RAM 
Status 
IIIII 
R31 
RAM Reg 31 


1111 NEG 
SRC + 1-+ 
Dest 0100 SOAR 
ACC 
RAM 


SOR 
O=B 
10 
OlIO SODR 
D 
RAM 
1= 
W 
0111 SOIR 
I 
RAM 
1000 SOZR 
0 
RAM 
1001 SOZER 
D(OE) 
RAM 
1010 SOSER 
D(SE) 
RAM 
1011 SORR 
RAM 
RAM 


Instruction 
B/W 
Quad 
Opcode 
R/S[4] 
Destination 


1100 MOVE SRC-+ 
Dest 
0100 SOA 
ACC 
0סס oo NRY 
Y Bus 


1101 COMP 
SRC-+ 
Dest 
OlIO SOD 
Dסס oo1 NRA 
ACC 
SONR 
O=B 
1110 INC 
SRC + 1-+ 
Dest 0111 SOl 
I 
00100 NRS 
Status[S] 
I =W 
II 
IIII 
NEG 
SRC + 1-+ 
Dest 
1000 SOZ 
0 
00101 NRAS 
ACC, Status[S] 


1001 SOZE 
D(OE) 
1010 SOSE 
D(SE) 


Notes: 
l. Instruction mnemonic. 
2. B ~ ByteMode,W = WordMode. 
3. Quadrant subdivides instuctions into categories. 


4. R = Source; S = Source; Dest = Destination. 
5. Status is destination, 


Statusi +- Yi 
i ~0 to 3 (bytemode) 
i = 0 to 7 (wordmode) 


Instruction 
Opcode 
Description 
B/W 
V-Bus 
Flag3 
Flag2 
Flagl 
LINK 
OVR 
N 
C 
Z 


SOR 
COMP 
SCR-+ 
Des! 
I =W 
Y-+SRC 
NC 
NC 
NC 
NC 
0 
U 
0 
U 
SONR 
INC 
SCR + 1-+ 
Dest 
O=B 
Y-+ 
SRC +1 
NC 
NC 
NC 
NC 
U 
U 
U 
U 


MOVE 
SCR-+ 
Desl 
Y-+SRC 
NC 
NC 
NC 
NC 
0 
U 
0 
U 


NEG 
SCR + 1-+ 
Dest 
Y-+SRC 
+1 
NC 
NC 
NC 
NC 
U 
U 
U 
U 


• 
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Instruction Set (Continued) 


Each Two Operand 
Instruction 
is constructed 
of 5 fields: 


1. Mode (Byte or Word) 
2.0pcode 
3. R Source 
4. S Source 
5. Address or Destination 


These instructions 
are further divided into those using 


RAM addresses and those that do not. The first type uses 
two formats which differ only by quadrant 
designator. 


Two Operand 
Field Definitions 
14 
13 
12 
9 
8 
5 


Quadrant 
SRC-SRC, Dest 
Opcode 


Functions 
are performed 
on the specified Rand 
S sources 


and results are stored in the specified destination 
and/or 


placed on the Y-bus. Arithmetic 
functions 
update the least 


significant nibble of the Status Register (OVR, N, C, Z) 
while logical functions 
affect only the Nand 
Z bits. Execu- 


tion of logical functions 
clear the OVR and C bits of the 


Status Register. 


15 


~ 


15 


TOR2 
~ 


14 
13 


Quadrant~ 


12 
9 


SRC-SRC, Dest 


Instruction 
BIW 
Quad 
R[l] 
S(ll 
Dest[l] 
Opcode 
RAM Address 


O=B 
00סס oo 
TORAA 
RAM 
ACC 
ACCסס oo 
SUBR 
Sminus R 
0סס oo 
ROO RAM Reg 00 
1 =W 
0010 
TORIA 
RAM 
I 
ACC 
0001 
SUBRC[2] 
SminusR 
.. 


0011 
TODRA 
D 
RAM 
ACC 
with carry 
11111 
R31 
RAM Reg 31 


1000 TORAY 
RAM 
ACC 
Y Bus 
0010 
SUBS 
Rminus S 
1010 TORIY 
RAM 
I 
Y Bus 
0011 
SUBSc[21 
R minus S 
1011 TODRY 
0 
RAM 
YBus 
with carry 


1100 TORAR 
RAM 
ACC 
RAM 
0100 
ADD 
R plus S 


TORI 
1110 TORIR 
RAM 
I 
RAM 
0101 
ADDC 
R plus S 
1111 TODRR 
0 
RAM 
RAM 
with carry 


OlIO 
AND 
ReS 
0111 
NAND 
ReS 
1000 EXOR 
REIlS 
1001 
NOR 
R + S 
1010 
OR 
R+S 
1011 
EXNOR 
R Ell S 


Instruction 
BIW 
Quad 
R[l] 
S(ll 
Dest!l] 
Opcode 
RAM Address 


O=B 
10 
0001 
TODAR 
D 
ACC 
RAMסס oo 
SUBR 
S minus R 
0סס oo 
ROO RAM Reg 00 
1 =W 
0010 
TOAIR 
ACC 
I 
RAM 
0001 
SUBRC[21 
S minusR 
.. 


0101 
TODIR 
0 
I 
RAM 
with carry 
11111 
R31 
RAM Reg 31 


0010 
SUBS 
RminusS 


0011 
SUBSc[2] 
RminusS 
with carry 
0100 
ADD 
R plus S 


TOR2 
0101 
AD DC 
R plus S 
with carry 


OlIO 
AND 
Re S 
0111 
NAND 
ReS 
1000 
EXOR 
REIlS 
1001 NOR 
R + S 
1010 OR 
R+S 
1011 
EXNOR 
R Ell S 


Notes: 
I. R = Source 
S = Source 
Dest 
= Destination 


Wn 
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Instruction 
BIW 
Quad 
R[I] 
S[I] 
Opcode 
Destination 


O=B 
II 
0001 
TODA 
D 
ACCסס oo 
SUBR 
S minusR 
0סס oo 
NRY 
YBus 


I =W 
0010 
TOAI 
ACC 
I 
0001 
SUBRC 
S minus R withסס oo1 
NRA 
ACC 


0101 
TOm 
D 
I 
carry 
00100 
NRS 
Status(2) 


0010 
SUBS 
R minus S 
00101 
NRAS 
ACC, Status[2] 
TONR 
0011 
SUBSC 
R minus S with 
carry 
0100 
ADD 
R plus S 
0101 
ADDC 
R plus S with 
carry 
OlIO 
AND 
R. 
S 


0111 
NAND 
R. 
S 
1000 
EXOR 
Res 
1001 
NOR 
R+S 
1010 
OR 
R+S 


lOll 
EXNOR 
Res 


Notes: 
1. R = Source 
S = Source 
2. Status is destination, 


Status i +- Yi, i ~0 to 3 (byte mode) 
i = 0 to 7 (word mode) 


3. For subtraction the carry is inverted. 
• 
Instruction 
Opcode 
Description 
B/W 
V-Bus 
Flag3 
Flag2 
Flagl 
LINK 
OVR 
N 
C 
Z 


ADD 
R plus S 
O=B 
Y+-R+S 
NC 
NC 
NC 
NC 
U 
U 
U 
U 


ADDC 
R plus S with carry 
I =W 
Y+-R+S+QC 
NC 
NC 
NC 
NC 
U 
U 
U 
U 


AND 
R. 
S 
Y +- 
Rj AND Si 
NC 
NC 
NC 
NC 
0 
U 
0 
U 


EXOR 
Res 
Yi +- 
Ri EXOR Si 
NC 
NC 
NC 
NC 
0 
U 
0 
U 


TORI 
EXNOR 
Res 
Yi +- 
Ri EXNOR Si 
NC 
NC 
NC 
NC 
0 
0 
0 
U 


TOR2 
NAND 
R· 
S 
Yi +- 
Ri NAND Sj 
NC 
NC 
NC 
NC 
0 
U 
0 
U 
TONR 
NOR 
R + S 
Yi +- 
Ri NOR Si 
NC 
NC 
NC 
NC 
0 
U 
0 
U 


OR 
R+S 
Yi +-RjORSi 
NC 
NC 
NC 
NC 
0 
U 
0 
U 


SUBR 
SminusR 
Y+-S+R+I 
NC 
NC 
NC 
NC 
U 
U 
U 
U 


SUBRC 
S minus R with carry 
Y+-S+R+QC 
NC 
NC 
NC 
NC 
U 
U 
U 
U 


SUBS 
R minusS 
Y+-R+S+I 
NC 
NC 
NC 
NC 
U 
U 
U 
U 


SUBSC 
R minus S with carry 
Y+-R+S+QC 
NC 
NC 
NC 
NC 
U 
U 
U 
U 


U = Update 
NC = No Change 
o ~ Reset 
1 = Set 
i = 0 to 15 when not specified 


Single Bit Shift Instructions 


Single Bit Shift Instructions 
are constructed 
of four fields: 
I. Mode (Byte or Word) 
2. Direction 
(up or down) and shift linkage 
3. Source 
4. Destination 


These instructions 
are further divided into those using 


RAM addresses and those that do not. The shift linkage 
indicator 
indicates what is to be loaded into the vacant bit. 


During a shift up the LSB may be loaded with a zero, one 
or with the link status bit (QLINK), 
while the MSB is 


shifted into the QLINK 
bit. During a shift down, the MSB 


is loaded with a zero, one, the Status Carry bit (QC), the 
Exclusive-Or 
of the Negative-Status 
bit and the Overflow- 


Status bit (QN e QOVR), or the Link-Status 
bit. The 


Status Register's 
Nand 
Z bits are updated, 
while the OVR 


and C bits are reset. Shift down with QN 
Ell QOVR can be 


used in Two's Complement 
Multiplication. 


15 


SHITR ~I 


SHITNR 
I BIW I 


Single Bit Shift Field Definitions 
14 
13 
12 
9 
8 


Quadrant 
SRC-Dest 
Opcode 


4 
0 
I RAM Address I 


I 
Destination 
I 


Shift Up Function 


SOURCE 


o 


1 


QC 
QNoQOVR 


QLlNK 


Instruction 
BIW 
Quad 
U[I] 
Desdl] 
Opcode 
RAM AddresslDestination 


SHITR 
O=B 
10 
OlIO SHRR 
RAM 
RAMסס oo 
SHUPZ 
Up 
0 
0סס oo 
ROO 
RAM Reg 00 
I =W 
0111 
SHDR 
D 
RAM 
0001 
SHUPI 
Up 
I 
.. 


0010 
SHUPL 
Up 
QLINK 
11111 R31 
RAM Reg 31 


0100 
SHDNZ 
Down 
0 
0101 
SHDNI 
Down 
I 
OlIO SHDNL 
Down 
QLINK 
0111 
SHDNC 
Down 
QC 


1000 SHDNOV 
Down 
QNEIl QOVR 


Instruction 
B/W 
Quad 
U[I] 
Opcode 
Destination 


SHITNR 
O=B 
11 
OlIO SHA 
ACCסס oo 
SHUPZ 
Up 
0 
0סס oo 
NRY 
V-Bus 
1= 
W 
0111 
SHD 
D 
0001 
SHUPI 
Up 
Iסס oo1 
NRA 
ACC 


0010 
SHUPL 
Up 
QLINK 
0100 
SHDNZ 
Down 
0 


0101 
SHDNI 
Down 
I 


OlIO 
SHDNL 
Down 
QLINK 
0111 
SHDNC 
Down 
QC 
1000 SHDNOV 
Down 
QNEIl QOVR 


Note: 
1. U = Source 
Dest = Destination 


Instruction 
Opcode 
Description 
B/W 
V-Bus 
Flag3 Flag2 Flag! 
LINK 
OVR 
N 
CZ 
SHR 
SHUPZ 
UpO 
1= 
W Yi +- SRCi-l,i 
= I to 15; 
NC 
NC 
NC 
SRCIS' 
0 
SRC14 OU 
SHNR 
SHUPI 
Upl 
Yo +- Shift Input 
SHUPL 
UpQLINK 
Yi +- SRCi-l,i 
= I to 7; 


O=B 
YO +- Shift Input; 
NC 
NC 
NC 
SRC7' 
0 
SRC6 OU 
Yg +- SRC7, Yi +- SRCi-9 
fori = 9to 15 


SHDNZ 
Down 0 
I =W 
Yi +- SRCi + l,i = Otol4; 
NC 
NC 
NC 
SRCo' 
0 
Shift 
OU 
SHDNI 
Down I 
Y IS +- Shift Input 
Input 
SHDNL 
DownQLINK 
Yi +- SRCi+l,i=Ot06; 
SHDNC 
DownQC 
O=B 
Yi +- SRCi-7, i = 8 to 14; 
NC 
NC 
NC 
SRCo' 
0 
Shift 
o U 
SHCNOV Down QNEIlQOVR 
Y7,lS +- Shift Input 
Input 


'Shifted output is loaded into the QLINK. 
SRC ~ Source 
0 = Reset 


U ~ Update 
1 ~ Set 


NC = No Change 
i = 0 to IS when not specified 


Instruction Set (Continued) 


Bit-Oriented 
Instructions 


Bit-Oriented 
Instructions 
are constructed 
from four fields: 


I. Mode (Byte or Word) 


2. Operation 


3. Source or Destination 


4. Bit position 
operated 
on (0 = LSB) 


These instructions 
are further divided into those using 
RAM addresses and those that do not. The specified func- 
tion operates on the given source and the result is stored in 
the specified destination 
and/or 
on the Y-bus. 


Set Bit n: Forces the nth bit to ONE without affecting 
other bit positions. 


Reset Bit n: Forces the nth bit to ZERO without 
affecting 


other bit positions. 


Test Bit n: Sets the Z status bit to the state of bit n. 


Load 2": Loads ZERO in bit position n and sets all other 
bits. 


Load 2": Loads ONE in bit position n and clears all other 
bits. 


Increment 
2": Adds 2" to the operand. 


Decrement 
2": Subtracts 
2" from the operand. 


Load, Set, Reset and Test instructions 
update Nand 
Z 


status bits while forcing OVR and C bits to ZERO. 
Arith- 


metic operations 
affect the entire lower nibble of the Status 


Register (OVR, C, N, and Z). 


Bit Oriented 
Field Definitions 
15 
14 
1312 
98 
54 
0 


BORI ~ 
Quadrant 
I 
N 
I 
Opcode 
I 
RAM Address 
I 


15 
14 
13 12 
98 
54 
0 


BOR2~ 
Quadrant 
I 
N 
I 
Opcode 
I 
RAM Address 
I 


15 
14 
13 12 
98 
54 
0 
• 


BONR~ 
Quadrant 
I 
N 
I 
1100 
I 
Opcode 
I 


Instruction 
BIW 
Quadrant 
n 
Opcode 
RAM Address 


O=B 
1101 SETNR 
Set RAM, bit n 
0סס oo 
ROO 
RAM Reg 00 
BORI 
I =W 
II 
o to 15 1110 RSTNR 
Reset RAM, bit n 
. . 
.. 


1111 TSTNR 
Test RAM, bit n 
11111 R31 
RAM Reg 31 


Instruction 
B/W 
Quadrant 
n 
Opcode 
RAM Address 


1100 LD2NR 
2" --+ RAM 
0סס oo 
ROO 
RAM Reg 00 
BOR2 
O=B 
1101 LDC2NR 
Vi --+ RAM 
I =W 
10 
o to IS 1110 A2NR 
RAM plus 2" --+ RAM 
. . 
... 


II1I 
S2NR 
RAM minus 2" --+ RAM 
11111 R31 
RAM Reg 31 


Instruction 
BIW 
Quadrant 
n 
Opcode 
Opcode 


0סס oo TSTNA 
Test ACC, bit n 


סס oo1 
RSTNA 
Reset ACC, bit n 


00010 SETNA 
Set ACC, bit n 


00100 A2NA 
ACC plus 2" --+ ACC 


00101 S2NA 
ACC minus 2" --+ ACC 


00110 LD2NA 
2" --+ ACC 


BONR 
O=B 
II 
o to IS 1100 
00111 LDC2NA 
Vi --+ ACC 


I =W 
1סס oo TSTND 
TestD, bit n 


10001 RSTND 
Reset D, bit n 


10010 SETND 
Set D, bitn 


10100 A2NDY 
D plus 2" --+ Y Bus 


10101 S2NDY 
D minus 2" --+ Y Bus 


10110 LS2NY 
2" --+ Y Bus 


10111 LDC2NY 
Vi --+ Y Bus 
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Rotate 
By n Bits Instructions 


The Rotate by n Bits Instructions 
contain four indicators: 
byte or word mode, source, destination 
and the number of . 


places the source is to be rotated. 
They are further subdI- 


vided into two types. The first type uses RAM as a source 
and/or 
a destination 
and the second type does not use 


RAM as a source or destination. 
The first type has two 


different formats and the only difference is in the quadrant. 
The second type has only one format as shown in the table. 
Under the control of instruction 
inputs, the n indicator 


specifies the number of bit positions the source is to be 
rotated up (0 to 15), and the result is either stored iri the 
specified destination 
or placed on the Y bus or both. An 


example of this instruction 
is given in Figure 5. In the 


Word mode, all 16-bits are rotated up; while in the Byte 
mode, only the lower 8-bits (0- 7) are rotated up. In ihe 
Word Mode, a rotate up by n bits is equivalent 
to a rotate 


down by (l6-n) bits. Similarly, in the Byte mode a rotate 
up by n bits is equivalent 
to a rotate down by (8-n) bits. 


The Nand 
Z bits of the Status Register are affected and 


OVR and C bits are forced to ZERO. 


ROTRI 
1 
_ 


ROTR2 
=1 ===== 
ROTNR _1-_-_-_-_ 


Rotate By n Bits Field Definitions 
IS 14 
13 12 
9 8 
54 
0 


B/W 
I 
Quadrant 
[:;:::::] 
SRC-Dest 
I 
RAM Address 
I 


B/W 
I 
Quadrant 
[:;:::::] 
SRC-Dest 
I 
RAM Address 
I 


B/W 
I 
Quadrant 
[:;:::::] 
1100 
I 
SRC-Dest 
I 


Rotate by n Example 


EXAMPLE: n = 4, Word Mode 
Source 
0001 
0011 
Destination 
00 II 
0111 
EXAMPLE: n = 4, Byte Mode 
Source 
0001 


Destination 
0001 


0111 
1111 


0011 
0011 
0111 
1111 
1111 
0111 


Instruction 
B/W 
Quadrant 
n 
V[l] 
Dest[l] 
RAM Address 


1100 
RTRA 
RAM 
ACC 
0סס oo 
ROO 
RAM Reg 00 
ROTRI 
0= 
B. 
00 
Oto IS 
1110 
RTRY 
RAM 
YBus 
. . 
. . 
.... 
1 =W 
1111 
RTRR 
RAM 
RAM 
11111 
R31 
RAM Reg 31 


Instruction 
B/W 
Quadrant 
n 
V[l] 
Dest[l] 
RAM Address 


RT~R 
ACC 
RAM 
0סס oo 
ROO 
RAM Reg 00 
O=B 
o to 15 
()()()() 
ROTR2 
01 
0001 
RTDR 
D 
RAM 
.. 
. . . . 
1 =W 
11111 
R31 
RAM Reg 31 


Instruction 
BIW 
Quadrant 
n 
- 
V!l] 
Dest!l] 


11000 
RTDY 
D 
YBus 


O=B 
11001 
RTDA 
D 
ACC 
ROTNR 
I =W 
11 
Oto 15 
1100 
11100 
RTAY 
ACC 
YBus 


11101 
RTAA 
ACC 
ACC 


Note: 
I. U = 
Source 
Dest 
= Destination 


Instruction 
Opcode 
B/W 
Y·Bus 
Flag3 
Flag2 
Flagl 
LINK 
OVR 
N 
C 
Z 


ROTRI 
I =W 
Yj - 
SRC(i-n)modI6 
NC 
NC 
NC 
NC 
0 
SRC15-n 
0 
V 
ROTR2 
Yj - 
SRCj + 8 = SRC(i-n)mod8 
ROTNR 
0= 
B 
NC 
NC 
NC 
NC 
0 
SRC6-n 
0 
V 
for i = 0 to 7 


SRC = Source 
U ~ No Change 
0= 
Reset 
I ~ 
Set 


i = 0 to 15 when 
not specified 


~ 
CY7C9115 


.n~~NDUcrOR 
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;C;;;;Y;;;;7;;;;C;;;;;;;;9;;;;1;;;;16;;;;/;;;;C;;;;Y;;;;;;;;7;;;;C;;;;9;;;;1;;;;1;;;;7 


Instruction 
Set (Continued) 


Rotate and Merge Instructions 


Each Rotate and Merge instruction 
consists of five fields: 


I. Mode (Byte or Word) 


2. Rotated 
Source (U) 


3. Non-Rotated 
Source (R) 


4. Mask Location 
(S) 


5. Number 
of bits Rotated 
(n) 


The shift register rotates source U up n places. ANDing 
with the mask causes any bit i to be passed from the 
rotated source that corresponds 
to a set bit in mask posi- 


tion i. The R input is not shifted, but is masked by the 
compliment 
of mask S, so that a ZERO in mask bit i will 
pass bit i of R. The ORed result is stored in register R. 
Rotate and Merge operations 
update the Nand 
Z status 


bits, while clearing the OVR and C bits. 


Rotate and Merge Function 


u 


Rotate and Merge Field Definitions 


1514 
1312 
98 
54 


ROTM I B/W I 
Quadrant 
I 
n 
I 
U,R,S 
I 


o 


RAM Address 
I 


EXAMPLE: 
n = 4, Word Mode 
U 
0011 
0001 
Rotated U 
0001 
0101 
R 
1010 
1010 
Mask (S)ססoo 
1111 
Destination 
1010 
0101 


0101 
0110 
1010 
0000 
1010 


0110 
0011 
1010 
1111 
0011 


Instruction 
B/W 
Quadrant 
n 
u(11 
R/Dest[11 
S(11 
RAM Address 


0111 
MDAI 
D 
ACC 
I 
1000 
MDAR 
D 
ACC 
RAM 
00000 
ROO 
RAM Reg 00 


ROTM 
O=B 
01 
o to 15 
1001 
MDRI 
D 
RAM 
I 
1= 
W 
1010 
MDRA 
D 
RAM 
ACC 
11111 
R31 
RAM Reg 31 
1100 
MARl 
ACC 
RAM 
I 
1110 
MRAI 
RAM 
ACC 
I 


Note: 
1. U = Rotated Source 
R/Dest 
= Non-Rotated 
Source/Destination 


S ~ Mask 


Instruction 
Opcode 
B/W 
V-Bus 
Flag3 
Flag2 
Flag! 
LINK 
OVR 
N 
C 
Z 


I =W 
Yj +- (Non Rot Op)j' (mask)j + 
NC 
NC 
NC 
NC 
0 
U 
0 
U 


ROTM 
(Rot 0P)(i-n)mod 
l6'(mask); 


O~B 
Y; +- (Non Rot Op);' (mask)j + 
NC 
NC 
NC 
NC 
0 
U 
0 
U 
(Rot 0P)(i-n)mod 
8' (mask)j 


U ~ Update 
NC 
~ 
No Change 
0= 
Reset 
1 ~ 
Set 


Instruction Set (Continued) 


Rotate and Compare Instructions 


The five fields of the Rotate and Compare 
instructions 
are: 


1. Mode (Byte or Word) 


2. Rotated 
Source (V) 


3. Non-Rotated 
Source (R) 


4. Mask (S) 


5. Number 
of bits Rotated 
(n) 


Input V is rotated n bits, ANDed 
with the inversion of S 


and compared 
with the input R ANDed 
with the inversion 


of S. Thus, a zero in the mask S will allow that bit of both 
inputs to be compared. 
The Z bit of the Status Register is 


set if the comparison 
passes, and reset if it does not. OVR 


and C bits are reset in the Status Register. 


Rotate and Compare Field Definitions 


1514 
1312 
98 
54 
ROTC ~-Q-u-ad-r-an-t-I 
n 
I 
V,R,S 
I 
o 


RAM Address 
I 


EXAMPLE: 
n = 4, Word Mode 


V 
0011 
0001 
Rotated V 
0001 
0101 
R 
0001 
0101 
Mask (S) 
000I 
0101 
Z (Status) = 1 


Rotate and Compare Instruction 
Set 


0101 
0110 
1111 
1111 


0110 
0011 
סס oo 
1111 


Instruction 
BIW 
Quad 
n 
V(l] 
RIll 
S(l] 
RAM Address 


0010 
CDAI 
D 
ACC 
I 
0סס oo 
ROO 
RAM Reg 00 
O=B 
0011 
CDRI 
D 
RAM 
I 
ROTC 
1 = W 
01 
o to 15 
0100 
CDRA 
D 
RAM 
ACC 
.. 


0101 
CRAI 
RAM 
ACC 
I 
11111 
R31 
RAM Reg 31 


Note: 
1. U = Rotated 
Source 


R = Non-Rotated 
Source 


S ~ Mask 


Instruction 
Opcode 
BIW 
V-Bus 
F1ag3 
Flag2 
Flagl 
LINK 
OVR 
N 
C 
Z 


I =W 
Yi +- (Non Rot 0p)i' (mask)j 
Ell 
NC 
NC 
NC 
NC 
0 
V 
0 
U 
(Rot Op)(j - 
n) mod 16'(mask)j 
ROTC 
Yi +- (Non Rot Op)j' (mask)j 
Ell 
O=B 
(Rot Op)(i - 
n) mod 8'(mask)j 
NC 
NC 
NC 
NC 
0 
U 
0 
V 


U ~ Update 
NC ~ No Change 
0= 
Reset 


1 ~ 
Set 
i = 0 to 15 when 
not specified 


.l1l~U U\oUVll ,::,ta \~OnllnUeQ) 


Prioritize 
Instruction 


The four fields of the Prioritize 
instruction 
are: 


1. Mode (Byte or Word) 


2. Mask Source (S) 


3. Operand 
Source (R) 
4. Destination 


The inverted 
mask, S is ANDed 
with R. A "one" in S 


prohibits 
that bit from participating 
in the priority encod- 


ing. From the 16-bit input, the priority encoder outputs a 
5-bit binary weighted code indicating 
the bit-position 
of the 


highest priority active bit. If there are no active bits, the 
output 
is zero. See Figure for operation 
in both word and 


byte mode. Using Prioritize 
updates the Nand 
Z bits of the 
Status Register, and forces C and OVR to zero. This in- 
struction 
is limited in that the operand and the mask must 


be different sources. 


Prioritize 
Instruction 
Field Definitions 
13 12 
98 
54 


RAM Address/ 


Mask (S) 


RAM Address/ 


Source (R) 


RAM Address/ 


Destination 


Highest 
Encoder 
Highest 
Encoder 
Priority 
Output 
Priority 
Output 
Bit Active 
Bit Active 


None 
0 
None 
0 
15 
I 
7 
I 
14 
2 
6 
2 
. 
. 
. 
. 
. 
. 
. 
. 


I 
15 
I 
7 
0 
16 
0 
8 


•Bits 8 through 15 not available. 


Prioritize 
Instruction 


Instruction 
B/W 
Quad 
Destination 
Source (R) 
RAM Address/Mask 
(S) 


O=B 
1000 
PRIA 
ACC 
0111 
RPTIA 
ACC 
0סס oo 
ROO 
RAM Reg 00 
PRTl 
I =W 
10 
1010 
PRIY 
Y Bus 
1001 
PRID 
D 
.. 
lOll 
PRIR 
RAM 
11111 
R31 
RAM Reg31 


Instruction 
B/W 
Quad 
Mask (S) 
Destination 
RAM Address/Source 
(R) 


O=B 
1000 
PRA 
ACCסס oo 
PR2A 
ACC 
0סס oo 
ROO 
RAM Reg 00 
PRT2 
1 = W 
10 
1010 
PRZ 
0 
0010 
PR2Y 
YBus 
lOll 
PRI 
I 
11111 
R31 
RAM Reg 31 


Instruction 
B/W 
Quad 
Mask (S) 
Source (R) 
RAM Address/Destination 


O=B 
1000 
PRA 
ACC 
0011 
PR3R 
RAM 
0סס oo 
ROO 
RAM Reg 00 
PRT3 
1= 
W 
10 
1010 
PRZ 
0 
0100 
PR3A 
ACC 
lOll 
PRI 
I 
0110 
PR3D 
D 
11111 
R31 
RAM Reg 31 


Instruction 
B/W 
Quad 
Mask(S) 
Source (R) 
Destination 


O=B 
1000 
PRA 
ACC 
0100 
PRTA 
ACC 
0סס oo 
NRY 
Y Bus 
PRTNR 
1= 
W 
11 
1010 
PRZ 
0 
OlIO 
PRTD 
Dסס oo1 
NRA 
ACC 
1011 
PRI 
I 


• 


(fA'.. 
. 
CYPRESS 


. 
SEMlCONDUcrOR 


CY7C9115 
CY7C9116/CY7C9117 


Instruction 
Opcode 
B/W 
V-Bus 
Flag3 
Flag2 
Flag! 
LINK 
OVR 
N 
C 
Z 


Yi +- CODE (SCRn'maskn); 
PRT1 
1 =W 
Ym +- 0; i = 0 to 4 and n = 0 to 15 
NC 
NC 
NC 
NC 
0 
U 
0 
U 


PRT2 
m = 5 to 15 


PRT3 
Yi +- CODE (SCRn'maskn); 


PRTNR 
O=B 
Ym +- 0; i = 0 to 3 and n = 0 to 7 
NC 
NC 
NC 
NC 
0 
U 
0 
U 


m =4to 
15 


QLINK 
IS loaded with the shIfted out bit from the checksum regIster. 


SRC ~ Source 
0 ~ Reset 


U ~ Update 
1 = Set 


NC = No Change 
i = 0 to 15 when not specified 


CRC Instruction 


The single designator 
for this instruction 
is the address of 


the RAM location that is used as the check sum register. 
Two CRC instructions, 
CRC Forward 
and CRC Reverse, 


are available. These instructions 
give the procedure 
for de- 


termining 
the check bits in a CRC calculation. 
Since the 


CRC standards 
do not specify which data bit is transmitted 


first, the MSB or the LSB, both Forward 
and Reverse op- 


tions are available to the user. The process for generating 
the check bits for the CRC Forward 
and Reverse opera- 
tions are illustrated 
in the figures below. The ACC is used 


as a polynomial 
mask while the RAM contains the partial 
sum and eventually 
the final check sum. The serial input 


comes from the QLINK 
bit of the Status Register. 
Status 


Register bits OVR and C are forced to zero while LINK, 
N 


and Z bits are updated. 


1514 


CRCF~I 


CRCR~ 


Cyclic-Redundancy-Check 
Definitions 
1312 
98 
54 
0 


Quadrant 
I 
0110 
I 
0011 
[RAM Address I 


Quadrant 
I 
0110 
I 
1001 
I 
RAM Address 
I 


CRC Forward 
Function 


~ 
CY7C9115 


.nEM~DUCfOR 
====================================C=Y=7=C=9=1=1=6=1=C=Y=7=C=9=1=.1_7. 


Instruction 
B/W 
Quad 
RAM 
Address 


0CXXl0 
ROO 
RAM 
Reg 00 
CRCF 
1 
10 
OlIO 
0011 
.. 
. . 


11111 
R31 
RAM 
Reg 31 


Instruction 
B/W 
Quad 
RAM 
Address 


0CXXl0 
ROO 
RAM 
Reg 00 
CRCR 
1 
10 
0110 
1001 
.. 


11111 
R31 
RAM 
Reg 31 


Instruction 
Opcode 
B/W 
V-Bus 
Flag3 
Flag2 
Flag! 
LINK 
OVR 
N 
C 
Z 


Yi +- 
[(QLINK 
Ell RAM,s)' 
ACCi] 


CRCF 
1 =W 
Ell RAMi 
- 
, for i = 
15 to 1 
NC 
NC 
NC 
RAM IS' 
0 
U 
0 
U 


YO +- 
[(QLINK 
Ell RAMls)' 
ACeo] 
Ell0 


Yi +- 
[(QLINK 
EllRAMo)' 
Accd 


CRCR 
1 =W 
EllRAMi 
+ ,fori 
= 
14toO 
NC 
NC 
NC 
RAMo' 
0 
U 
0 
U 


YIS +- 
[(QLINK 
EllRAMo)' 
ACCIS] 
Ell0 
I 


*QLINK 
is loaded 
with the shifted 
out bit from the checksum 
register. 


U = Update 
0 = Reset 


NC ~ No Change 
I = Set 
i = 0 to 15 when 
not specified 


~ 
CY7C9115 


.REM~oocrOR ====================================C=Y=7=C=9=1=1=6=1=C=Y=7=C=9=1=17;;; 
Instruction Set (Continued) 


Status Instructions 


7 
6 
4 


Set Status: 
Specifies which bits in the Status Register are to 
be set. 
Reset Status: 
Specifies which bits in the Status Register are 
to be cleared. 
Store Status: 
Indicates 
byte or word and the destination 


into which the processor status is saved. The register is 
always stored in the low byte of the destination. 
The high 


byte is unchanged 
for RAM storage and is loaded with 


zeroes for ACC storage. 
Load Status: 
Imbedded 
in the Single- and Two-Operand 
Instructions. 
Test Status: Instructions 
specify which of the 12 possible 
test conditions 
are to be placed on the conditional 
test out- 
put. In addition 
to the 8 status bits, four logical functions 
may be selected: N 
Ell OYR, (N 
Ell OYR) + Z, Z + C, 
and LOW. These functions 
are useful in testing two's com- 


plement and unsigned number arithmetic 
operations. 


15 14 
13 12 


SETST 
0 
I 
Quad 
lOll 


RSTST I 
0 
I 
Quad 
1010 


SVSTR B 
Quad 
0111 


SVSTNR I B/W I 
Quad 
0111 


The status register may also be tested via the T bus as 
shown below. The instruction 
lines II thru 14 have bus 


priority for testing the status register on the CT output. 


T4 
T3 
T2 
TI 
Cf 


14 
13 
12 
II 


0 
0 
0 
0 
(N EllOVR) 
+ Z 


0 
0 
0 
1 
NEIl OVR 


0 
0 
1 
0 
Z 


0 
0 
1 
I 
OVR 


0 
I 
0 
0 
LOW 


0 
1 
0 
I 
C 


0 
I 
I 
0 
Z+C 


0 
1 
I 
I 
N 


I 
0 
0 
0 
LINK 


I 
0 
0 
I 
Flag1 


I 
0 
I 
0 
Flag2 


1 
0 
I 
I 
Flag3 


9 8 
5 4 
0 


I 
1010 
I 
Opcade 
I 


I 
1010 
I 
Opcade 
I 


I 
1010 
I 


RAM Address/ 


I 
Dest 
I 
1010 
I 
Destination 
I 


Instruction 
B/W 
Quad 
Opcode 


00011 
SONCZ 
Set OVR, N, C, Z 


00101 
SL 
Set LINK 
SETST 
0 
II 
1011 
1010 
00110 
SFI 
Set Flagl 
01001 
SF2 
Set Flag2 


01010 
SF3 
Set Fla~3 


Instruction 
B/W 
Quad 
Opcode 


00011 
RONCZ 
Reset OVR, N, C, Z 


00101 
RL 
Reset LINK 
RSTST 
0 
11 
1010 
1010 
00110 
RFI 
Reset Flagl 
01001 
RF2 
Reset Flag2 


01010 
RF3 
Reset Flag3 


Instruction 
BIW 
Quad 
RAM Address/Destination 


o ~ B 
0סס oo 
ROO 
RAM 
Reg 00 


SVSTR 
1 =W 
10 
0111 
1010 


11111 
R31 
RAM 
Reg 31 


Instruction 
B/W 
Quad 
Destination 


SVSTNR 
O~B 
11 
0111 
1010 
0סס oo 
NRY 
Y Bus 


1= 
Wסס oo1 
NRA 
ACC 


Instruction 
BIW 
Quad 
Opcode (Cf) 


0סס oo 
TNOZ 
Test (NEIlOVR) 
+ Z 


00010 
TNO 
Test NEIlOVR 
00100 
TZ 
Test Z 


00110 
TOVR 
Test OVR 
01000 
TLOW 
Test LOW 


Test 
0 
II 
1001 
1010 
01010 
TC 
TestC 


01100 
TZC 
Test Z + C 


01110 
TN 
Test N 


1סס oo 
TL 
Test LINK 
10010 
TFI 
Test Flagl 
10100 
TF2 
Test Flag2 


10110 
TF3 
Test Fla~3 


Instruction 
Opcode 
Description 
B/W 
V-Bus 
Flag3 Flag2 Flagl 
LINK 
OVR 
N 
C 
Z 


RONCZ 
Reset OVR, N, C, Z 
O=B 
Yi +- Ofori 
= Oto IS 
NC 
NC 
NC 
NC 
0 
0 
0 
0 


RL 
Reset LINK 
NC 
NC 
NC 
0 
NC 
NC NC NC 


RSTST 
RFI 
Reset Flagl 
NC 
NC 
0 
NC 
NC 
NC NC NC 


RF2 
Reset Flag2 
NC 
0 
NC 
NC 
NC 
NC NC NC 


RF3 
Reset Flag3 
0 
NC 
NC 
NC 
NC 
NC NC NC 


SONCZ 
Set OVR, N, C, Z 
0= 
B Yi +- Ifori=Otol5 
NC 
NC 
NC 
NC 
I 
I 
I 
I 


SL 
Set LINK 
NC 
NC 
NC 
I 
NC 
NC NC NC 


SETST 
SFI 
Set Flag I 
NC 
NC 
I 
NC 
NC 
NC NC NC 


SF2 
Set Flag2 
NC 
I 
NC 
NC 
NC 
NC NC NC 


SF3 
Set Flag3 
I 
NC 
NC 
NC 
NC 
NC NC NC 


SVSTR 
Save Status' 
0= 
B Yi +- Status fori +- 0 to 7; 
NC 
NC 
NC 
NC 
NC 
NC NC NC 
SVSTNR 
I =W 
Yi +- 0 for i = 8 to IS 


TNOZ 
Test (NEllOVR) + Z 0= 
B 
.. 
NC 
NC 
NC 
NC 
NC 
NC NC NC 


TNO 
Test (NEllOVR) 
NC 
NC 
NC 
NC 
NC 
NC NC NC 


TZ 
TestZ 
NC 
NC 
NC 
NC 
NC 
NC NC NC 


TOVR 
TestOVR 
NC 
NC 
NC 
NC 
NC 
NC NC NC 


TLOW 
Test LOW 
NC 
NC 
NC 
NC 
NC 
NC NC NC 


Test 
TC 
TestC 
NC 
NC 
NC 
NC 
NC 
NC NC NC 


TZC 
TestZ + C 
NC 
NC 
NC 
NC 
NC 
NC NC NC 


TN 
TestN 
NC 
NC 
NC 
NC 
NC 
NC NC NC 


TL 
Test LINK 
NC 
NC 
NC 
NC 
NC 
NC NC NC 


TFI 
Test Flagl 
NC 
NC 
NC 
NC 
NC 
NC NC NC 


TF2 
Test Flag2 
NC 
NC 
NC 
NC 
NC 
NC NC NC 


TF3 
Test Flag3 
NC 
NC 
NC 
NC 
NC 
NC NC NC• 


U = Update 
NC = No Change 
o ~ Reset 
1 = Set 
i = 0 to 15whennot specified 


'In bytemodeonlythe lowerbytefromtheY busis loadedintothe 
RAM or ACCand inwordmodeall 16-bitsfromthe Y busare loaded 
intothe RAMor ACe. 
··Y-Busis 
Undefined. 


No-Op Instruction 


The No-Op Instruction 
does not affect any internal regis- 


ters; the Status Register, RAM register and AC register are 
left unchanged. 
The 16-bit opcode is fixed. 


No Operation 
Field Definition 
IS 14 
1312 
98 
54 
0 


No-Op I 
0 
I 
II 
[ 
1000 
I 
1010 
[ 
0סס oo 
I 


No-Op Instruction 


Instruction 
BIW 
Quad 


I 
No-Op 
0 
II 
1000 
1010סס oo 


0= Rese. 
1 ~ Set 
i = 0 to 15 when 
not specified 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
VCC = Min. 
2.4 
V 
IOH = -1.6mA 
c 


VOL 
Output LOW Voltage 
Vcc = Min. 
0.4 
V 
IOL=16mA 


VIH 
Input HIGH Voltage 
2.0 
VCC 
V 


VIL 
Input LOW Voltage 
0.8 
V 


IIX 
Input Leakage Current 
VSS ,,;;VIN ,,;;Vcc 
-10 
+10 
JJ-A 
Vcc = Max. 


Ioz 
Output Leakage Current 
Vcc = Max. 
+10 
JJ-A 


VOUT = Vss to Vcc 
-10 
JJ-A 


Isc 
Output Short 
VCC = Max. 
-85 
mA 
Circuit Current [I] 
VOUT = OV 


IcdQI)12J 
Supply Current 
Commercial 
Vss ,,;;VIN ,,;;VIL or 
126 
mA 
(Quiescent) 
Military 
VIH ,,;;VIN ,,;;Vcc; OEy = HIGH 
145 


Supply Current 
Commercial 
VIN = Vcc or GND 
68 
mA 
IcdQ2) 
(Static) 
Military 
Vcc = Max. 
IOPER = 0 JJ-A 
78 
mA 


IcdMax.)[2] 
Supply Current 
Commercial 
Vcc = Max., fCLK = 10 MHz 
145 
mA 


Military 
OEy = HIGH 
166 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25'C, f = IMHz 
10 
pF 
COUT 
Output Capacitance 
Vcc = 5.0V 
10 


Notes: 
1. Not more 
than one output 
should 
be tested 
at a time. 
Duration 
of the short circuit 
should 
not be more than one second. 
2.To calculateIce al anygivenfrequency,useIeclQt) + IeclA.C.) whereIeclQI) isshownaboveand IeclA.C.) = 1.9mA/MHz x ClockFrequency 
for the Commercial 
temperature 
range. 
IcdA.C.) 
= 2.1 mA/MHz 
X Clock 
Frequency 
for Military 
temperature 
range. 


3. Tested 
on a sample 
basis. 


Rl = 11411 
vour o-----'I/II'v-- 
2.22V 


0085-16 


Notes: 


1. CL = 
50 pF includes 
scope 
probe, 
wiring 
and stray capacitance. 
2.CL = 5 pF foroUlputdisablelests. 


~ 
CY7C9115 


.nEM~NDUcrOR =====================================C==Y=7=C=9=1=1=61=C==Y=7=C=9=1=1=7 


Commercial Switching Characteristics 


Guaranteed 
Commercial Range A.C. Performance 
Characteristics 


(T A = O°C to + 70°C, Vcc = 4.5V to 5.5V, CL = 50 pF) 


Combinational 
Propagation 
Delays (ns) 


To Output 
YO-IS 
TI-4 
CT 
From Input 


CY7C9116 
35 
45 
65 
35 
45 
65 
35 
45 
65 
CY7C9117 


10-4 
35 
45 
65 
35 
52 
73 
(AD DR) 


10-15 
35 
45 
65 
35 
52 
73 
(DATA) 


10-15 
35 
45 
65 
35 
52 
73 
20 
29 
30 
(lNST) 
. 


DLE' 
20 
32 
55 
30 
32 
55 


TI-4 
15 
25 
27 


CP 
30 
32 
60 
30 
32 
66 
25 
25 
37 


YO-IS 
20 
32 
53 
30 
32 
53 


lEN 
15 
25 
25 


Enable 
Disable 


From 
To 
TpZH 
TpZL 
TpHZ 
TPLZ 
Input 
Output 
35 
45 
65 
35 
45 
65 
35 
45 
65 
35 
45 
65 


OEy 
YO-YI5 
18 
20 
22 
18 
20 
22 
18 
20 
22 
18 
20 
22 


OET 
TI-T4 
15 
20 
22 
15 
20 
22 
15 
20 
22 
15 
20 
22 


Input 
Minimum Low Time 
Minimum High Time 


35 
45 
65 
35 
45 
65 


CP 
15 
15 
20 
15 
15 
15 


OLE 
15 
15 
15 


IEN 
15 
15 
20 
• 


~ 
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WnWNDUCfOR 
;;;=====================================C=Y=7=C=9=1=1=6=/C==Y=7=C=9=1=1;;:7 


With 
High 
to Low 
Low to High 
[5] 
Input 
Respect 
Transition 
Transition 
Comments 


To 
Set-up 
Hold 
Set-up 
Hold 


CY7C9116 
and CY7C9117 
35 
45 
65 
35 
45 
65 
35 
45 
65 
35 
45 
65 


1 
10-4 
CP 
12 
13 
13 
0 
0 
0 
Single 
Addr 


(RAM 
Addr) 
(Source) 


2 
10-4 
CP& 
5 
5 
5 
+- 
Do Not Change 
-+ 
0 
2 
0 
Two Addr 


(RAM 
Addr) 
IEN 
(Destination) 


3 
10-15 
CP 
40 
43 
60 
0 
0 
0 
(Data) 


4 
10-4 
!EN 
15[IJ 
18[1] 
24[1] 
4[1] 
5[1] 
10[1] 
Two Addr 
(RAM 
Addr)[2] 
(Immediate) 


5 
10-15 
CP 
15[1] 
18[1] 
24[1] 
4[1] 
5[1] 
10[1] 
40 
43 
60 
0 
0 
0 
(Instr)[3] 


6 
IEN[2] 
CP 
8 
8 
8 
Two Addr 
(Immediate) 


7 
IENHIGH 
CP 
5 
5 
5 
0 
1 
2 
Disable 


8 
!ENLOW 
CP 
10 
10 
10 
0 
1 
I 
Enable 


9 
!ENLOW 
CP 
5 
5 
5 
1 
1 
0 
Note 
I 


10 
SRE 
CP 
12 
12 
12 
0 
2 
0 


11 
y[4] 
CP 
32 
32 
42 
0 
0 
0 


12 
y[4] 
DLE 
6 
6 
6 
5 
5 
5 


13 
DLE 
CP 
20 
25 
43 
0 
0 
0 


Notes: 
1. Timing for immediate instruction for first cycle. 
2. CY7C9117 only. 
3. CY7C9115 and CY7C9116 only. 
4. Y ~ D for CY7C9117. 
5. tsx and tHK referenced on the waveforms are looked up on this table by x = line number on the left. Ex: tSI = 13 os for - 53 os devices. 


Military 
Switching Characteristics 


Guaranteed 
Military 
Range A.C. Performance 
Characteristics 


(TA = - 55°C 
to + 125°C, 
Vcc = 4.5V 
to 5.5V, 
CL = 50 pF) 


Combinational 
Propagation 
Delays (ns) 


To Output 
YO-IS 
TI-4 
CT 
From 
Input 


CY7C9116 
40 
65 
79 
40 
65 
79 
40 
65 
CY7C9117 
79 


10-4 
40 
65 
79 
40 
65 
79 
(AD DR) 


10-15 
40 
65 
79 
40 
65 
79 
(DATA) 


10-15 
40 
65 
79 
40 
65 
79 
22 
26 
29 
(INST) 


DLE' 
20 
52 
62 
30 
52 
62 


TI-4 
15 
26 
29 


CP 
30 
57 
67 
35 
65 
75 
33 
33 
39 


YO-IS 
20 
52 
60 
30 
52 
60 


IEN 
20 
26 
29 


~ 
CY7C9115 
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Military 
Switching Characteristics 
(Continued) 


Enable/Disable 
Times (ns) (CL 
= 5 pF, 
Disable 
Only) 


Enable 
Disable 


From 
To 
TpZH 
TpZL 
TpHZ 
TpLZ 
Input 
Output 
40 
65 
79 
40 
65 
79 
40 
65 
79 
40 
65 
79 


OEy 
YO-YIS 
18 
22 
25 
18 
22 
25 
18 
18 
25 
18 
18 
25 


OET 
TI-T4 
18 
18 
20 
18 
18 
20 
15 
15 
20 
15 
15 
20 


Input 
Minimum 
Low Time 
Minimum 
High 
Time 


40 
65 
79 
40 
65 
79 


CP 
15 
20 
25 
15 
15 
15 


OLE 
15 
15 
15 


IEN 
15 
15 
15 


With 
High 
to Low 
Low to High 


[5] 
Input 
Respect 
Transition 
Transition 
Comments 
To 
Set-up 
Hold 
Set-up 
Hold 


CY7C9116 
and CY7C9117 
40 
65 
79 
40 
65 
79 
40 
65 
79 
40 
65 
79 


1 
10-4 
CP 
12 
12 
12 
0 
I 
1 
Single 
Addr 
(RAM 
Addr) 
(Source) 


2 
10-4 
CP& 
5 
7 
7 
+- 
Do Not Change 
--+ 
0 
0 
0 
Two Addr 
(RAM 
Addr) 
!EN 
(Destination) 


3 
10-ls 
CP 
43 
56 
65 
0 
0 
0 
(Data) 


4 
10-4 
!EN 
15[1] 
25 
27[J] 
5[J] 
12 
12[JI 
Two Addr 


(RAM 
Addr)[2] 
(Immediate) 


5 
10-1 S (Instr)13] 
CP 
15[1] 
25 
27[1] 
5[J] 
12 
12[J] 
45 
56 
65 
0 
2 
2 


6 
!EN[2] 
CP 
8 
8 
8 
Two Addr 
(Immediate) 


7 
IENHIGH 
CP 
5 
5 
5 
0 
2 
2 
Disable 


8 
IEN 
LOW 
CP 
10 
10 
12 
0 
3 
3 
Enable 


9 
IENLOW 
CP 
7 
7 
7 
0 
3 
3 
Note 
I 


10 
SRE 
CP 
10 
10 
12 
0 
I 
1 


11 
y[4] 
CP 
39 
45 
53 
0 
0 
0 


12 
y[4] 
OLE 
7 
7 
7 
3 
3 
3 


13 
OLE 
CP 
20 
46 
54 
0 
0 
0 


• 


Notes: 
1. Timing for immediate instruction for first cycle. 
2. CY7C91 17 only. 
3. CY7C91 15 and CY7C9116 only. 


4. Y = D for CY7C9117. 
5. tsx and lHX referenced on the waveforms are looked up on this table 
by x = line number on the left. Ex: t5l = 24 os for - 
79 os devices. 
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High to Low 
Low to High 
[1] 
Transition 
Transition 


Set-up 
Hold 
Set-up 
Hold 


I 
tSI 
thl 


2 
IS2 
th2 


3 
tS3 
th3 


4 
tS5 
Ih5 


5 
tS4 
th4 
tSI3 
thl3 


6 
th6 


7 
IS7 
th7 


8 
tS8 
th8 


9 
tSI4 
thl4 


10 
tS9 
th9 
II 
tSlO 
thlO 


12 
tS11 
thll 


13 
tSI2 
thl2 


Speed 
Ordering Code 
Package 
Operating 
(ns) 
Type 
Range 


35 
CY7C9115-35JC 
J69 
Commercial 


45 
CY7C9115-45JC 
J69 


65 
CY7C9l15-65JC 
J69 


Speed 
Ordering Code 
Package 
Operating 


(ns) 
Type 
Range 


35 
CY7C9116-35LC 
L69 
Commercial 


CY7C9116-35JC 
J81 


CY7C9116-350C 
028 


45 
CY7C9116-45LC 
L69 


CY7C9116-45JC 
J8l 


CY7C9116-450C 
028 


65 
CY7C9116-65LC 
L69 


CY7C9116-65JC 
J81 


CY7C9116-65DC 
028 


40 
CY7C9116-40LMB 
L69 
Military 


CY7C9116-400MB 
028 


65 
CY7C9116-65LMB 
L69 


CY7C9ll6-650MB 
028 


79 
CY7C9116-79LMB 
L69 


CY7C9116-790MB 
028 


Speed 
Ordering Code 
Package 
Operating 


(ns) 
Type 
Range 


35 
CY7C9117-35GC 
G68 
Commercial 


CY7C9117-35JC 
J81 


CY7C9117-35LC 
L81 


45 
CY7C9117-45GC 
G68 


CY7C9117-45JC 
J8l 


CY7C9117-45LC 
L81 


65 
CY7C9117-65GC 
G68 


CY7C9117-65JC 
J81 


CY7C9117-65LC 
L8l 


40 
CY7C9117-40GMB 
G68 
Military 


CY7C9117-40LMB 
L81 


65 
CY7C9117-65GMB 
G68 


CY7C9117-65LMB 
L81 


79 
CY7C9117-79GMB 
G68 


CY7C9117-79LMB 
L81 


CY7C911S 
CY7C9116/CY7C9117 


Military Specifications 
Group A Subgroup Testing 


DC Characteristics 


Parameters 
Subgroups 


VOH 
1,2,3 


VOL 
1,2,3 


VIH 
1,2,3 


VIL Max. 
1,2,3 


IIX 
1,2,3 


IOZ 
1,2,3 


Isc 
1,2,3 


Icc(Q1) 
1,2,3 


IcC<Max) 
1,2,3 


Parameters 
Subgroups 


IO_4(Addr) 
7,8,9,10,11 


IO_ls(Dala) 
7,8,9,10,11 


IO-ls(Instr) 
7,8,9,10,11 


DLE 
7,8,9,10,11 


11-4 
7,8,9,10,11 


CP 
7,8,9,10,11 


YO-IS 
7,8,9,10,11 


IEN 
7,8,9,10,11 


OEy 
7,8,9,10,11 


OET 
7,8,9,10,11 


CP 
7,8,9,10,11 


PRODUCT 
• 
INFORMATION 


STATIC RAMS 
• 


PROMS 
• 


EPLDS 
• 


FIFOS 
••• 


MODULES 
• 


ECL 
III 


BUS INTERFACE PRODUCTS 
:. 


MILITARY 
- 


DESIGN AND 
•• 
PROGRAMMING TOOLS 


QUALITY AND 
• 
RELIABILITY 


PACKAGES 
-- 


Device Number 
CY7C601A 
CY7C602A 
CY7C604A 
CY7C605A 
CY7C611A 


Page Number 


........................................................................................ 
7-1 


Description 
32-Bit RISC Processor 
7-6 


Floating-Point 
Unit 
7-14 
Cache Controller and Memory Management 
Unit 
7-20 
Cache Controller and Memory Management 
Unit 
7-29 


32-Bit RISC Controller 
................................•........................... 
7-39 


• 


Introduction to RISe 


This section provides an overview of the basic concepts and advan- 
tages of RISC computer architectures in general and a brief sum- 
mary of the specific features of Cypress's CY7C600 family of 
SPARC® 
RISC microprocessors. 


Scalable Processor 
Architecture 


The Cypress CY7C600 family is an implementation 
of the SPARC 
architecture. SPARC, an acronym for Scalable Processor ARChi- 
tecture, is the only open, multi-vendor RISC architecture, 
and it 


has quickly become an industry standard. The term "scalable" re- 
fers to the the fact that SPARC's inherent simplicity allows it to 
be manufactured 
in a variety of semiconductor technologies. This 
characteristic 
not only enables the CY7C600 SPARC family to 
scale down in size as process technologies mature, but lends itself 
to a wide range of system designs. Already, applications for the 
CY7C600 range from massively parallel multiprocessing 
super- 


computers to desktop and laptop workstations and personal com- 
puters, as well as embedded control. 


What is RISC? 


RISC, an acronym for Reduced Instruction 
Set Computer, 
is a 
computer 
architecture 
emphasizing 
simplicity 
and efficiency. 
RISC designs begin with a necessary and sufficient instruction set. 
Typically, a few simple operations account for almost all computa- 
tions. RISC machines are about two to five times faster than ma- 
chines with traditional complex instruction set architectures. Also, 
RISC's simpler designs are easier to implement, resulting in short- 
er design cycles. 


RISC architectures are a response to the evolution from assembly 
language to high-level languages. Assembly language programs 
occasionally 
employ 
elaborate 
machine 
instructions, 
whereas 
high-level language compilers rarely do. For example, most C com- 
pilers use only about 30% of the available instructions on CISC 
machines. Studies show that approximately 80% of a typical pro- 
gram's computations 
require only about 20% of a processor's in- 


struction set. 


RISC is to hardware what thc UNIX® operating system is to soft- 
ware. The UNIX system proves that operating systems can be both 
simple and useful. Hardware studies lead to the same conclusion. 
As advances in semiconductor 
technology reduce the cost of pro- 


cessing and memory, complex instruction sets become a perform- 
ance liability. The designers ofRISC machines strive for hardware 
simplicity, with close cooperation 
between machine architecture 


SPARC is a registered tradcmark of SPARC International, 
Inc. 
Sun-4 '., and NFS ,. are trademarks 
of Sun Microsystems, Inc. 
UNIX is a registered trademark of AT&T I3e1lLaboratories. 
VAX is a registered trademark of Digital Equipment 
Corporation. 


and compiler design. At each step, computer architects must ask: 
to what extent does a feature improve or degrade performance and 
is it worth the cost of implementation? 
Each additional feature, 


no matter how useful it is in an isolated instance, makes all others 
perform more slowly by its mere presence. 


The goal of RISC architecture is to maximize the effective speed 
of a design by performing infrequent functions in software, includ- 
ing hardware-only features that yield a net performance gain. Per- 
formance gains are measured by conducting 
detailed studies of 


large high-level language programs. RISC improves performance 
by providing the building blocks from which high-level functions 
can be synthesized without the overhead of general but complex 
instructions. 


RISC Architecture 


The following characteristics are typical ofRISC architectures, in- 
cluding thc CY7C600 design: 


• 
Single-cycle execution. 
Most instructions 
are executed 
in a 
single machine cycle. 
• 
Non-destructive 
three-address 
architecture. 
Holding source 
7 


and destination operands in registers after an operation is com- 
pleted allows compilers to better utilize the processor's pipeline 
by more efficiently scheduling instructions to reuse operands. 


• 
Hardwired control with no microcode. Microcode adds a level 
of complexity and raises the number of cycles per instruction. 


• 
Load/store, 
register-to-register 
design. All computational 
in- 
structions involve registers. Memory accesses are made with 
only load and store instructions. 


• 
Simple fixed-format instructions 
with few addressing 
modes. 
All instructions are one word long (typically 32 bits) and have 
few addressing modes. 


• 
Pipelining. The instruction set design allows for the processing 
of several instructions at the same time. 


• 
High-performance 
memory. RISC machines have a large num- 


ber of general-purpose 
registers (the 7C60lA has 136)and large 
cache memories. 


• 
Migration 
of functions 
to software. Only those features that 


measurably improve performance 
are implemented 
in hard- 
ware. Programs contain sequences of simple instructions for ex- 
ecuting complex functions rather than the complex instructions 
themselves. 


• 
Simple, efficient instruction 
pipeline visible to compilers. For 
example, branches take effect after execution of the following 
instruction, permitting a fetch of the next instruction during ex- 
ecution of the current instruction. 


The real keys to enhanced performance are single-cycle execution 
and keeping the cycle time as short as possible. Many characteris- 
tics ofRISC architectures, such as load/store and register-to-regis- 
terdesign, facilitate single<ycle execution. Simple fIxed-format in- 
structions, on the other hand, permit shorter cycles by reducing 
decoding time. 


Note that some of these features, particularly pipelining and high- 
performance 
memories, have been used in super-eomputer 
de- 


signs for many years. The difference is that in RISC architectures 
these ideas are integrated into a processor with a simple instruc- 
tion set and no microcode. 


Moving functionality from run time to compile time also enhances 
performance. Functions calculated at compile time do not require 
further calculating each time the program runs. Furthermore, opti- 
mizing compilers can rearrange pipelined instruction sequences 
and arrange register-to-register 
operations to reuse computational 


results. 


A new set of simplifIed design criteria has emerged: 


• 
Instructions should be simple unless there is a good reason for 
complexity. To be worthwhile, a new instruction that increases 
cycle time by 10% must reduce the total number of cycles ex- 
ecuted by at least 10%. 
• 
Microcode isn't any faster than sequences of hard wired instruc- 
tions. Moving software into microcode does not make it better, 
it just makes it more diffIcult. 


• 
Fixed-format instructions and pipelined execution are more im- 
portant than program size. As memory gets cheaper and faster, 
the space/time 
tradeoff 
resolves in favor of time. Reducing 
space no longer decreases time. 
• 
Compiler technology should use simple instructions to generate 
more complex instructions. 
Instead of substituting 
a compli- 


cated microcoded instruction 
for several simple instructions, 


which compilers did in the 19705, optimizing compilers can 
form sequences of simple, fast instructions outof complex high- 
level code. Operands can be kept in registers to increase speed 
even further. 


RISC's Speed Advantage 


Using any given benchmark, 
the performance 
(P) of a particular 
computer is inversely proportional 
to the product of the bench- 


mark's instruction count (I), the average number of clock cycles per 
instruction (C), and the inverse of the clock speed (S). Assuming 
that a RISC machine runs at the same clock speed as a correspond- 
ing traditional machine, S is identicaL The number of clock cycles 
per instruction (C), is around 1.3 to 1.7 for RISC machines, and 
between 4 and 10for traditional machines. This makes the instruc- 
tion execution rate ofRISC machines about 3 to 6 times faster than 
traditional machines. But because traditional machines have more 
powerful instructions, RISC machines must execute more instruc- 
tions for the same program, typically about 10% to 30% more. 
Since RISC machines execute 10% to 30% more instructions 3 to 
6 times faster, they are about 2 to 5 times faster than traditional 
machines for executing typical large programs. 


1 


IxCx 
~ 


Compiled programs on RISC machines are somewhat larger than 
compiled programs on traditional machines because several sim- 
ple instructions replace one complex instruction resulting in de- 
creased code density. All SPARC instructions 
are 32 bits wide, 
whereas some instructions on traditional machines are narrower. 


But the number of instructions 
actually executed may not be as 


great as the increased program size would indicate. A windowed 
register fIle, for example, simplifIes cal1/return sequences so that 
context switches become less expensive. 


CY7C600 Architecture 


The CY7C600 family of 32-bit SPARC microprocessors 
has been 
partitioned 
to offer a complete 
solution 
for high-performance 


computer and embedded applications. 


The SPARC CPU is comprised of the CY7C60lA 
integer unit 


(lU), the CY7C602A floating-point unit (FPU), the CY7C604N 
CY7C605A 
cache control1er and memory 
management 
units 


(CMU and CMU-MP), 
and the CY7C157A cache storage unit 
(CSU). The CY7C60lA communicates 
with the CY7C602A and 


the CY7C604A via a 32-bit address bus and a 32-bit instruction/da- 
ta bus. The CY7C604A also interfaces to Mbus, the SPARC-stan- 
dard 64-bit multiplexed 
address/data 
bus that provides a high 


bandwidth path to main memory. 


The CY7C604NCY7C605A 
provide uni- and multiprocessing 


memory management 
and cache control functions 
that, when 


combined with the CY7C157A 
SRAMs, provide up to 256K of 
zero-wait-state cache memory. 


The CY7C61lA is a derivative of the CY7C60lA, but has been op- 
timized for embedded control applications. 


The CY7C60lA and CY7C602A operate concurrently. The FPU 
performs all floating-point calculations with its own set of registers 
and ALU logic. 


Instruction 
Categories 


The 
CY7C600 architecture 
has 62 basic integer 
instructions. 
CY7C600 instructions fal1into seven basic categories: 


• 
Load and store instructions 
(the only way to access memory). 


These instructions use two registers or a register and a constant 
to calculate the memory address involved. Half-word accesses 
must be aligned on 2-byte boundaries, word accesses on 4-byte 
boundaries, 
and double-word 
accesses on 8-byte boundanes. 


These alignment restrictions grcatly speed up memory access. 


• 
Arithmetic/logical/shift 
instructions. 
These instructions com- 


pute a result that is a function of two source operands and then 
place the result in a register. They perform arithmetic, logical, 
or shift operations. 


• 
Floating-point 
and coprocessor 
instructions. 
These 
include 


floating-point calculations, operations on floating-point 
regis- 


ters, and instructions inVOlvingthe optional coprocessor. Floa- 
ting-point operations execute concurrently with IU instructions 
and with other floating-point operations when necessary. This 
concurrency is transparent 
to the programmer. 


• 
Control 
transfer 
instructions. 
These 
include jumps, 
calls, 


traps, and branches. Control transfers are usual1y delayed until 
after execution of the next instruction so that the pipeline is not 
emptied every time a control transfer occurs. Thus compilers 
can be optimized for delayed branching. 


• 
Read/write 
control 
register 
instructions. 
These 
include in- 


structions to read and write the contents of various control reg- 
isters. General1y the source or destination is implied by the in- 
structions. 


• 
Artificial intelligence 
instructions. 
These include the tagged 


arithmetic 
instructions 
Tagged Add 
and Tagged 
Subtract. 


Tagged instructions are useful for implementing 
artifIcial intel- 


ligence languages such as LISp, because tags can automatically 
indicate to software interpreters 
the data type of arithmetic op- 
erands. 


• 
Multiprocessing 
instructions. 
These include two instructions 


for implementing semaphores 
in memory: Atomic Load/Store 


Unsigned Byte, which loads a byte from memory and then sets 
the location to all Is, and SWAP, which exchanges the contents 
of a register and memory location. Both of these instructions 
are "atomic" or ininterruptible. 


Register Windows 


A unique feature contributing 
to the high performance 
of the 


CY7C600 design is its register windows. Because of overlapping 
registers between adjoining windows, results left in registers by a 
calling routine automatically become available operands for the 
called routine, reducing the need for load and store instructions 
to memory. 


According to the architectural 
specification, 
there may be any- 


where between 2 and 32 register windows, each window having 24 
working registers, plus 8 global registers. The CY7C60lA 
has 8 


register windows with 24 registers each plus 8 global registers, for 
a total of 136 registers. This windowed register model simplifies 
compiler design, speeds procedure 
calls, and efficiently supports 


AI programming 
languages such as Prolog, USP, and Smalltalk. 
In addition, they can be alternately 
configured for fast context 


switching. 


Traps and Interrupts 


The CY7C600 design supports a full set of traps and interrupts. 
They are handled by a table that supports 128 hardware and 128 
software traps. Even though floating-point 
instructions 
can ex- 


ecute concurrently 
with integer instructions, floating-point 
traps 


arc precise because the FPV supplies (from the table) the address 
of the instructions that failed. 


Protection 


Some CY7C600 instructions 
are privileged and can only be ex- 


ecuted while the processor is in supervisor mode. This instruction 
execution protection 
ensures that user programs cannot acciden- 


tally alter the state of the machine with respect to its peripherals. 


The CY7C600 design also provides memory protection, which is 
essential for smooth multitasking operation. 
Memory protection 


makes it impossible for user programs to corrupt the system, other 
user programs, or themselves. 


Advantages of Open Architecture 


The CY7C600 design is the first open RISC architecture, and one 
of the few open CPV architectures. 
Standard products are more 


beneficial than proprietary ones because standards allow users to 
acquire that most cost-effective hardware and software in a com- 
petitive multivendor 
marketplace. 
Integrated 
circuits come from 


several 
competing 
semiconductor 
vendors, 
while software 
is 


supplied by systems vendors. This advantage is lost when users are 
limited by a processor with proprietary 
hardware and software. 


RISC architectures, 
and the CY7C600 design in particular, are 


easy to implement because they are relatively simple. Since they 
have short design cycles, RISC machines can absorb new tech nolo- 
gies almost immediately, unlike more complicated computer ar- 
chitectures. 


CY7C600 Machines and Other RISC Machines 


The CY7C600 design has more similarities to Berkeley's RISC-II 
architecture than to any other RISC architecture. Like the RISC- 
II architecture, it uses register windows in order to reduce the num- 
ber of load/store instructions. The CY7C600 architecture 
allows 


32 register windows, but the initial implementation 
has 8 windows. 


The tagged instructions are derived from SOAR, the "Smalltalk 
On A RISC" processor developed at Berkeley after implementi 
g 


RISC-II. 


CY7C600 systems are designed for optimal 
floating-point 
per- 


formance and support single-, double-, and extended-precision 
op- 
erands and operations, as specified by the ANIS/IEEE 
754 floa- 


ting-point standard. High floating-point performance 
results from 


concurrency of the IV and FPu. The integer unit loads and stores 
floating-point 
operands, 
while the floating-point 
unit performs 


calculations. If an error (such as a floating-point exception) occurs, 
the floating-point 
unit specifies precisely where the trap took 


place; execution is expediently resumed at the discretion of the in- 
teger unit. Furthermore, 
the floating-point unit has an internal in- 


struction queue; it can operate while the integer unit is processing 
unrelated functions. 


CY7C600 systems deliver very high levels of performance. 
The 


flexibility of the architecture makes future systems capable of de- 
livering performance 
many times greater than the performance of 


the initial implementation. 
Moreover, the openness of the archi- 


tecture makes it possible to absorb technological advances almost 
as soon as they occur. 


CY7C600 Product 
Family 


CY7C60lA Integer Unit 
~ 


The IU is the basic processing engine that executes all of the in- 
- 
struction set except for floating-point operations. The CY7C60 lA 
IV contains a large 136x 32 triple-port register file, which isdivided 
into 8 windows. Each window contains 24 working registers and 
has access to the same 8 global registers. A current window pointer 
(CWP) filed in the processor state register keeps track of which 
window is currently active. The CWP is decremented 
when the 


processor calls a subroutine and is incremented 
when the proces- 


sor returns. 


The registers in each window are divided into ins, outs, and locals 
Each window shares its ins and outs with adjacent windows. The 
outs of the previous window are the ins of the current window, an 
the outs of the current window are the ins of the next window. The 
globals are equally available to all windows and the locals are 
unique to each window. The windows are joined together in a cir- 
cular stack where the outs of the last window are the ins of the first 
window. 


The IV supports a multitasking operating system by providing user 
and supervisor modes. Some instructions 
are privileged and can 


only be executed while the processor is in supervisor mode. Chang- 
ing from user to supervisor mode requires taking a hardware inter- 
rupt or executing a trap instruction. 


The IV supports both asynchronous 
traps (interrupts) 
and syn- 


chronous 
traps (error conditions 
and trap instructions). 
Traps 
transfer control to an offset within a table. The base address of the 
table is specified by a trap base register and the offset is a function 


of the trap type. Traps are taken before the current instruction 
causes any changes visible to the programmer 
and can therefore 


be considered to occur between instructions. 


CY7C602A Floating-Point 
Unit 


The 
CY7C602A 
FPU 
provides 
high-performance, 
IEEE 
STD-754-1985-compatible 
single- and double-precision 
floating- 


point calculations for 7C600 systems and is designed to operate 
concurrently with the CY7C60lA. All address and control signals 
for memory 
accesses by the CY7C602A 
are supplied 
by the 
CY7C60lA. 
Floating-point 
instructions 
are 
addressed 
by the 
CY7C60lA, and are simultaneously latched from the data bus by 
both the CY7C60lA and CY7C602A. Floating-point 
instructions 
are concurrently decoded by the CY7C60lA and the CY7C602A, 
but do not begin execution in the CY7C602A until after the in- 
struction is enabled by a signal from the CY7C60lA. Pending and 
currently executing FP instructions are placed in an on-chip queue 
while the IU continues to execute non-floating-point 
instructions. 


The CY7C602A has a 32 x 32-bit data register file for floating- 
point operations. The contents of these registers are transferred 
to and from external memory under control of the CY7C60lA us- 
ing floating-point 
load/store instructions. Addresses and control 


signals for data accesses during a floating-point 
load or store are 


supplied by the CY7C60lA, while the CY7C602A supplies or re- 
ceives data. Although the CY7C602A operates concurrently with 
the CY7C601A, a program 
containing 
floating-point 
computa- 
tions generates results as if the instructions were being executed 
sequentially. 


CY7C604A Cache Controller 
and Memory Management 
Unit 


The CY7C604A Cache Controller 
and Memory Management 
Unit (CMU) provides hardware support for a demand-paged virtu- 
al memory 
environment 
for the 
CY7C60lA 
processor. 
The 


CY7C604A conforms to the standard SPARC architecture defini- 
tion for memory management. Page size is fixed at 4 kilobytes. The 
CMU translates 32-bit virtual addresses from the processor into 
36-bit physical addresses and provides both write-through 
and 
buffered copy-back cache policies. The on-chip context register al- 
lows support of up to 4096 contexts. 


High-speed address look-up is provided by an on-chip translation 
lookaside buffer (TLB). Each entry contains the virtual to physical 
mapping of a 4-kbyte page. If a virtual address match is detected 
in one of the TLB entries, the physical address translation con- 
tained in that entry will be delivered to the outputs of the CMU. 
If the virtual address from the processor has no corresponding 
entry in the CMU, the CMU will automatically perform address 
translation for the virtual address using on-chip hardware to access 
a main memory resident three-level page table. Each "matched" 
TLB entry is checked for protection 
violation automatically and 


violations are reported to the Integer Unit as memory exceptions. 


The CMU also provides storage for 2048 cache address tags for a 
64-kbyte cache with a 32-byte line size. The tag entries can be di- 
rectlywritten or read by the processor. In normal operation, eleven 
!ow-Qrder bits (15-5) of the virtual address from the processor are 
used to select one of the tag entries in the CY7C604A and its 16-bit 


contents are compared on chip with the 16 high-Qrder processor 
address bits to determine 
if the cache contains the required data 


or instruction. This cache hit/miss comparison is then qualified by 
various built-in protection 
checks. Pipelined accesses are sup- 
ported via on-chip registers that capture both address and data 
from the processor. 


The CY7C604A also contains the logic required in a system to im- 
plement the byte and half-word write capabilities provided in the 
SPARC instruction set. Cache tag update is also simplified by an 
automatic page update on miss feature, which eliminates the need 
for processor accesses during tag update. 


CY7C605A Cache Controller and Memory Management 
Unit for 
Multiprocessor 
Systems 


The CY7C605A Cache Controller 
and Memory 
Management 
Unit is an extension of the CY7C604A for use in multiprocessor 
systems. The CY7C605A provides the same SPARC reference 
MMU as the CY7C604A, but adds an enhanced cache controller 
that incorporates bus snooping and cache coherency protocol re- 
quired to maintain a multiprocessor 
cache. The CY7C605A pro- 


vides a dual-cache tag memory, which allows the CY7C605A to 
perform bus snooping while it simultaneously supports cache ac- 
cesses by the CY7C60lA. The CY7C605A cache coherency proto- 
col is based on the IEEE Futurebus, which has been recognized 
as a superior protocol for maintaining cache consistency without 
degrading processor performance. 


The CY7C605A supports direct data intervention, which is the ca- 
pability of a CY7C605A-based 
cache to directly supply modified 


data to another requesting cache without requiring main memory 
intervention. 
In 
addition 
to 
direct 
data 
intervention, 
the 


CY7C605A also supports memory reflection. Memory reflection 
allows a memory system to automatically update itself during a di- 
rect data intervention 
operation. This feature allows a multipro- 


cessing system to update 
both 
a requesting 
cache and main 


memory in a single bus operation. The CY7C605A is pin-compat- 
ible with the CY7C604A. This feature allows a system to be up- 
graded from uniprocessor to multiprocessor by modifying the op- 
erating system and replacing the CY7C604A with the CY7C605A. 


CY7C157A Cache Storage Unit 


The CY7C157A 16K x 16 CSU is designed to interface easily to 
and provide maximum performance 
for the CY7C600 processor. 


The RAM has registered address inputs and latched data inputs 
and outputs as well as a self-timed write pulse that greatly simpli- 
fies the design of cache memories for the CY7C60lA Integer Unit. 
The device has a single clock that controls loading of the address 
register, data input latches, data output latches, pipeline control 
latch, and chip enable register. The chip enable is clocked into a 
register and pipelined through a control register to condition the 
output enable. This pipelined design allows a cache that works as 
an extension of the internal instruction pipeline of the CY7C601A 
integer unit, thereby maximizing performance. 
The write enable 


is edge-activated and self-timed, thereby eliminating the need for 
the user to generate accurate write pulses in external logic. A sepa- 
rate asynchronous 
output enable is provided to disable outputs 


during a write or to allow other devices access to the bus. 
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Features 


• 
Reduced Instruction 
Set Computer 


(RISe) Architecture 
- 
Simple format instructions 
- 
Most instructions 
execute in a 


single cycle 


• 
Very high performance 
- 
25-, 33-, and 40-MHz clock speeds 
yield 18, 24, and 29 MIPS sus- 
tained throughput 
respectively 


- Very fast interrupt 
response 


- 
Four-stage pipeline 


• 
Large windowed register file 
- 
136 general-purpose 
32-hit regis- 


ters 


- 
Registers can he used as eight win- 
dows of 24 registers each for low 
procedure 
overhead 


- 
Registers can also be used as reg- 
ister banks for fast context switch- 
ing 


• 
Multiprocessing 
support 


• 
Large virtual address space 
- 
32-bit virtual address bus 
- 
8-bit address space identifier bus 


• 
Hardware pipeline interlocks 


• 
Multitasking 
support 
- 
User/supervisor 
modes 


- 
Privileged instructions 


• 
Artificial intelligence support 


• 
High-performance 
coprocessor 
inter- 


face for user-defined 
coprocessor 


Maximum Operating Current (mA) 


SPARC is a registered trademark of SPARC International, 
Inc. 


• 
FPU interface allows concurrent 
ex- 


ecution of floating-point 
instructions 


• 
O.8-micron CMOS technology 


• 
207-pin grid array package 
Overview 


The CY7C60lA 
integer 
unit is a high- 
speed 
CMOS 
implementation 
of 
the 


SPARC® 
32-bit RISC processor. 
The 


RISC architecture makes possible the cre- 
ation of a processor that can execute in- 
structions at a rate of one instruction per 
processor clock. The CY7C601A supports 
a tightly coupled floating-point 
interface 


and coprocessor interface that allow.;con- 
current execution of floating-point, copro- 
cessor, and integer instructions. 
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Overview 
(continued) 


The CY7C601A SPARC processor provides the following fea- 
tures: 


Simple instruction 
format. 
All instructions are 32-bits wide and 


aligned on 32-bit boundaries in memory. The three basic instruc- 
tion formats feature uniform placement of opco<le and address 
fields. 


Register intensive architecture. 
Most instructions operate on 


either two registers or one register and a constant, and place the 
rcsult in a third register. Only load and store instructions access 
off-chip memory. 


Large windowed register 
file. 
The processor has 136 on-chip 


32-bit registers configured as eight overlapping sets of 24 registers 
each and eight global registers. This scheme allows compilers to 
cache local values across subroutine calls and provides a register 
based parameter 
passing mechanism. 


Delayed control transfer. 
The processor always fetches the next 


instruction after a control transfer, and either executes it or annuls 
it depending on the state of a bit in the control transfer instruc- 
tion. This feature allows compilers to rearrange code to place a 
useful instruction 
after a delayed control transfer and thereby 


take better advantage of the processor pipeline. 


Concurrent 
floating-point. 
Floating-point 
instructions can exe- 


cute concurrently with each other and with non-floating-point 
in- 


structions. 


Fast interrupt 
response. 
Interrupt inputs are sampled on every 


clock cycle and can be acknowledged in one to three cycles. The 
first instruction of an interrupt 
service routine can be executed 


within 6 to 8 cycles of receiving the interrupt request. 


The 7C600 Family 


The SPARC processor family consists of a CY7C60lA 
integer 


unit 
to 
perform 
all 
non-floating-point 
operations 
and 
a 


CY7C602A floating-point 
unit (FPU) to perform floating-point 


arithmetic concurrent 
with the CY7C60lA. Support is also pro- 


vided for a second generic coprocessor interface. The CY7C60lA 
communicates with external memory via a 32-bit address bus and 
a 32-bit data/instruction 
bus. In typical data processing applica- 


tions, the CY7C601A and CY7C602A are combined with a high- 
performance 
CY7C604A memory management 
unit and cache 


controller 
and a cache memory implemented 
with CY7C157A 


16-Kbytex 16cache RAMS. In many dedicated controller applica- 
tions the CY7C60lA can function by itself WIthonly high-speed 
local memory. 


Coprocessor 
Interface 


The CY7C60lA 
is the basic processing engine that executes all 


of the instruction set except for floating-point 
operations. 
The 


CY7C601A 
and 
CY7C602A 
operate 
concurrently. 
The 


CY7C602A 
recognizes 
floating-point 
instructions 
and places 


them in a queue 
while the CY7C601A continues 
to execute 


non-floating-point 
instructions. If the CY7C602A encounters an 


instruction that will not fit in its queue, the CY7C602A holds the 
CY7C601A until the instruction can be stored. The CY7C602A 
contains its own set of registers on which it operates. The contents 
of these registers are transferred to and from external memory un- 
der control of the CY7C60lA 
via floating-point 
load/store 
in- 


structions. Processor interlock hardware hides floating-point con- 
currency from the compiler or assembly language programmer. 
A program containing floating-point computations 
generates the 


same results as if instructions were executed sequentially. 


Registers 


The CY7C60lA contains a large 136x 32 triple-port register file 
which is divided into 8 windows, each with 24 working registers 
and each having access to the same 8 global registers. A current 
window pointer (CWP) field in the processor state register keeps 
track of which window is currently active. The CWP is decreme- 
nted when the processor calls a subroutine 
and is incremented 


when the processor returns. The registers in each window are di- 
vided into ins, outs, and locals. The eight global registers are 
shared by all windows and appear as registers 0-7 in each window. 
Registers 8-15 serve as outs, registers 16-23 as locals, and 24-31 
serve as ins. Each window shares its ins and outs with adjacent 
windows. The outs of the previous window are the ins of the cur- 
rent window, and the outs of the current window are the ins of the 
next window. The globals are equally available to all windows and 
the locals are unique to each window. The windows are joined to- 
gether in a circular stack where the outs of window 7 are the ins 
ofwindowO. 


Multitasking 
Support 


The CY7C601A supports a multitasking operating system by pro- 
viding user and supervisor modes. Some instructions 
are privi- 


leged and can only be executed while the processor is in supervisor 
mode. Changing from user to supervisor mode requires taking a 
hardware interrupt or executing a trap instruction. 


Interrupts 
and Traps 


The CY7C60lA 
supports both asynchronous 
traps (interrupts) 


and synchronous 
traps (error conditions and trap instructions). 


Traps transfer control to an offset within a table. The base address 
of the table is specified by a trap base register and the offset is a 
~ 
function of the trap type. Traps are taken before the current in- 
_ 
struction causes any changes visible to the programmer 
and can 


therefore be considered to occur between instructions. 


Instruction 
Set Summary 


Instructions fall into five basic categories as follows: 


I. Load and store instructions. 
Load and store are the only in- 


structions 
which 
access 
external 
memory. 
They 
use 
two 


CY7C601A registers or one CY7C601A register and a signed im- 
mediate value to generate the memory address. The instruction 
destination 
field specifies 
either 
an 
CY7C601A 
register, 
a 
CY7C602A register, or a coprocessor register as the destination 
for a load or source for a store. Integer load and store instructions 
support 8-, 16-, 32-, and 64-bit transfers while floating-point and 
coprocessor instructions support 32- and 64-bit accesses. 


2. Arithmetic/logical/shift. 
These instructions compute a result 


that is a function of two source operands and write the result into 
a destination 
register or discard it. They perform 
arithmetic, 


tagged arithmetic, 
logical, and shift operations. 
An instruction 


SETHI, useful in creating 32-bit constants 
in two instructions, 


writes a 22-bit constant into the high order bits of a register and 
zeroes the remaining bits. The contents of any register can be 
shifted left or right any number of bits in one clock cycle as speci- 
fied by a register or the instruction itself. The tagged instructions 
are useful in artificial intelligence applications. 


3. Control transfer. 
Control transfer instructions include jumps, 


calls, traps and branches. Control transfer is usually delayed so 
that the instruction 
immediately 
following the control transfer 


(called the delay instruction) is executed before control is trans- 
ferred to the target location. The delay instruction is always 


Instruction 
Set Summary (continued) 


fetched, however, a bit in the control transfer instruction can 
cause the delay instruction 
to be nullified if the branch is not 


taken. This flexibility increases the likelihood that a useful in- 
struction can be placed after the control transfer thereby filling 
an otherwise unused hole in the processors pipeline. Branch and 
call instructions use program counter relative displacements. A 
jump and link instruction uses a register indirect displacement 
computing its target address as either the sum of two registers or 
the sum of a register and a 13-bit signed immediate value. The 
branch instruction provides a displacement 
plus or minus 8 mega- 
bytes, and the call instructions 3D-bitdisplacement allow.;transfer 
to almost any address. 


4. Read/write control registers. 
The processor provides special 


instructions to read and write the contents of the various control 
registers within the machine. These registers include the multiply 
step register, processor state register, window invalid mask regis- 
ter, and trap base register. 


S. Floating-point/coprocessor 
instructions. 
These instructions 


include all floating-point conversion and arithmetic operations as 
well as future coprocessor instructions. These instructions involve 
operations only on the contents of the register file internal to the 
CY7C602A or coprocessor. 


The instruction set of the processor is summarized in Table 1. 


Registers 


The following sections provide an overview of the CY7C60lA 
registers. The CY7C60lA has two types of registers; working reg- 
isters (r registers), and control registers. The r registers provide 
storage for processes, and the control registers keep track of and 
control the state of the CY7C60lA. 


r Registers. 
The r registers (Figure 1) consist of eight 32-bit global 
registers, and 8 window.;, each having twenty-four 32-bit registers. 
Each two adjacent window.; are overlapped 
in eight registers. 


This results in a total of 136 32-bit general purpose registers on 
the chip. 


CY7C601A Control Registers. 
The CY7C601A control registers 


contain various addresses and pointers used by the system to con- 
trol its internal state. They include the program counters (PC and 
nPC), the processor state register (PSR), the window invalid mask 
register (WIM), the trap base register (TBR), and the Y register. 
The following paragraphs briefly describe each: 


Processor 
Status Register (PSR). 
The processor status register 


contains 
fields that 
describe 
and 
control 
the 
state 
of the 


CY7C60lA 
(see Figure 2). 


IU 
Implementation 
and 
IU 
Version Numbers 
(IMPL 
field, 


PSR < 31:28 >; VER field, PSR < 27:24». 
These are read-<lnly 


fields in the PSR. The version number and the implementation 
number are each set to "ODD 1". 


Integer Condition Codes (PSR <23:20». 
The integer condition 
codes consist of four flags: negative, zero, overflow, and carry. 
These flags are set by the conditions occurring during integer logic 
and arithmetic operations. 


Enable Coprocessor (EC bit, PSR < 13 ». 
This bit is used to en- 


able the coprocessor. 
If a coprocessor operation 
(CPop) is en- 


countered and the EC bit is cleared (i.e., coprocessor disabled), 
a coprocessor disabled trap is generated. 


Enable Floating Point Unit (EF bit, PSR < 12 ». 
This bit is used 


to enable the floating point unit. 
If a floating point operation 


(FPop) is encountered 
and the EF bit is cleared (i.e., FPU dis- 
abled), a floating point disabled trap is generated. 


ProcessorIntem/pt Level (PIL field, PSR < 11:8 ». 
This four bit 


field sets the CY7C601A interrupt 
level. 
The CY7C6D1A will 
only acknowledge interrupts greater than the level indicated by 
the PIL field. Bit 11 is the MSB; bit 8 is the LSB. 


Supervisor Mode (S bit, PSR < 7». 
S = 1 indicates that the 
CY7C601A is in supervisor mode. Supervisor mode can only be 
entered by a software or hardware trap. 
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Number 
(Impl) 
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1 
4 
1 
4 I 
4 
1 
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11111 
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23 
22 
21 
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Current 


Window 


Pointer 
(CWPj 


5 I 


Inputs 
Operation 
Cycles 


LDSB(LDSBA *) 
Load Signed Byte 
(from Alternate 
Space) 
2 
LDSH(LDSHA *) 
Load Signed Halfword 
(from Alternate 
Space) 
2 
LDUB(LDUBA*) 
Load Unsigned Byte 
(from Alternate 
Space) 
2 
LDUH(LDUHA*) 
Load Unsigned Halfword 
(from Alternate 
Space) 
2 
LD(LDA*) 
Load Word 
(from Alternate 
Space) 
2 
LDD(LDDA*) 
Load Doubleword 
(from Alternate 
Space) 
3 


LDF 
Load Floating Point 
2 
LDDF 
Load Double Floating Point 
3 


'" 
LDFSR 
Load Floating Point State Register 
2 
e.~ 
LDC 
Load Coprocessor 
2 
'":l 
LDDC 
Load Double Coprocessor 
3 
~ 
LDCSR 
Load Coprocessor State Register 
2 
..5 


STB(STBA*) 
Store Byte 
(into Alternate 
Space) 
3 
••... 
STH(STHA*) 
Store Halfword 
(into Alternate 
Space) 
3 
S 
'" 
ST(STA*) 
Store Word 
(into Alternate 
Space) 
3 
..• 
STD(STDA*) 
Store Doubleword 
(into Alternate 
Space) 
4 
e 
'" 
STF 
Store Floating Point 
3 
... 
'" 
STDF 
Store Double Floating Point 
4 
oS 
STFSR 
Store Floating Point State Register 
3 
STDFQ* 
Store Double Floating Point Queue 
4 


STC 
Store Coprocessor 
3 
STDC 
Store Double Coprocessor 
4 
STCSR 
Store Coprocessor State Register 
3 
STDCO* 
Store Double Coprocessor Queue 
4 


LDSTUB(LDSTUBA 
*) 
Atomic Load/Store 
Unsigned Byte 
(in Alternate 
Space) 
4 
SWAP(SWAPA *) 
Swap r Register with Memory 
(in Alternate 
Space) 
4 
ADD(ADDce) 
Add 
(modify ice) 
1 
ADDX(ADDXce) 
Add with Carry 
(modify ice) 
1 
TADDcc(TADDceTV) 
Tagged Add and modify ice 
(and Trap on overflow) 
1 


SUB(SUBcc) 
Subtract 
(modify ice) 
1 
SUBX(SUBXce) 
Subtract with Carry 
(modify ice) 
1 
4:: 
TS UBcc(TS UBccTV) 
Tagged Subtract and modify ice 
(and Trap on overflow) 
1 
:c 
'" 
MULSce 
Multiply Step and modify ice 
1 
:; 
'" 
AND(ANDce) 
And 
(and modify ice) 
1 
's;, 
ANDN(ANDNce) 
And Not 
(and modify ice) 
1 
oS 
~ 
OR(ORce) 
Inclusive Or 
(and modify ice) 
1 
ORN(ORNce) 
Inclusive Or Not 
(and modify ice) 
I 
.. 
XOR(XORce) 
Exclusive Or 
(and modify ice) 
1 
e 
-5 
XNOR(XNORce) 
Exclusive Nor 
(and modify ice) 
1 


';: 
SLL 
Shift Left Logical 
1 
...: 
SRL 
Shift Right Logical 
1 
SRA 
Shift Right Arithmetic 
I 
SETHI 
Set High 22 Bits of r Register 
1 
SAVE 
Save Caller's window 
1 
RESTORE 
Restore Caller's window 
1 
... 
Bice 
Branch on Integer Condition Codes 
1** 
~ 
FBice 
Branch on Floating Point Condition Codes 
1** 
e 
CBccc 
Branch on Coprocessor Condition Codes 
1** 
~ 
CALL 
Call 
1** 
~ 
JMPL 
Jump and Link 
2** 
.:: 
e 
RETT 
Return from Trap 
2** 
0U 
Tice 
Trap on Integer Condition Codes 
1 (4 if Taken) 


III 


Inputs 
Operation 
Cycles 


kDY 
Read Y Register 
1 
RDPSR 
Read Processor State Register 
1 
~ 
RDWIM 
Read Window Invalid Mask 
1 
.. 
1 
..- 
RDTBR 
Read Trap Base Register 


~.~ 
WRY 
Write Y Register 
1 
~::z: 
WRPSR* 
Write Processor State Register 
1 
""- 
",0 
WRWIM* 
Write Window Invalid Mask 
1 
•.... 
::z:= 
WRTBR* 
Write Trap Base Register 
1 
0u 
UNIMP 
Unimplemented 
Instruction 
1 


IFLUSH 
Instruction Cache Flush 
1 
=-=:~ 
FPop 
Floating Point Unit Operations 
1 to Launch 
~80 
CPop 
Coprocessor Operations 
1 to Launch 


Processor 
Status Register (continued) 


Previous Supervisor Mode (PS bit, PSR< 6 ». 
This bit indicates 


the state of the supervisor bit before the most recent trap. 


TrapEnable (ET bit, PSR<5 ». 
This bit enables or disables the 


CY7C601A traps. This bit is automatically set to 0 (traps disabled) 
upon entering a trap. When ET = 0, all asynchronous traps are 
ignored. 
If a synchronous 
trap occurs when 
ET 
= 0, the 


CY7C60lA enters error mode. 


Current Window Pointer (CWP field, PSR < 4:0 ». 
The r registers 


are addressed by the current window pointer (CWP), a field of the 
processor status register (PSR), which points to the 24 active local 
registers. It is incremented 
by a RESTORE 
instruction 
and 


decremented 
by a SAVE instruction. Note that the globals are al- 


ways accessible regardless of the Cwp' 
In the overlapping con- 


figuration each window shares its ins and outs with adjacent win- 
dows. The outs from a previous window (CWP + 1) are the ins of 
the current window, and the outs from the current window are the 
ins for the next window(CWP -1). In both the windowed and reg- 
ister bank configurations globals are equally available and the lo- 
cals are unique to each window. 


Program 
Counters 
(PC and nPC). 
The program counter (PC) 


holds the address of the instruction being executed, and the next 
program counter (nPC) holds the address of the next instruction 
to be executed. 


Trap Base Register (TBR). 
The trap base register contains the 
base address of the trap table and a field that provides a pointer 
into the trap table. 


Trap 
Base Address 
Trap Type 
(It) 


1~ __ 
2_0 
1__ 
8 __ 
~ 


31 
12 11 
4 3 
0 


Window Invalid Mask Register (WIM). 
The window invalid 


mask register determines which windows are valid and which win- 
dow accesses cause window_overflow 
and window_underflow 


traps. 


WindowOl 


Window 1 
,"~=~lll 
1 
R_e_se_rv_ed 
I~ 
~ 
0 


Y register. 
The Y register is used to hold the partial product dur- 


ing execution of the multiply-step instruction (MULSCC). 


Pin Description 


The integer unit's external signals fall into three categories: (1) 
memory 
subsystem 
interface 
signals, (2) floating-point 
uniV 


coprocessor interface signals, and (3) miscellaneous I/O signals. 
These are described in the following sections. Paragraphs 
after 


the tables describe each signal. Signals that are active LOW are 
marked with an overcomer; all others are active HIGH. 
For ex- 
ample, WE is active LOW, while RD is active HIGH. 


Memory Subsystem 
Interface 
Signals 


A[3I:O). 
These 32 bits are the addresses of instructions or data 


and they are sent out "unlatched" 
by the integer unit. Assertion 
of the MAO signal during a cache miss will force the integer unit 
to put the previous (missed) address on the address bus. A[31:0] 
pins are three-stated 
if the AOE or TOE signal is deasserted. 


ASI[7:0). 
These 8 bits are the address space identifier for an in- 


struction or data access to the memory. ASI[7:0] are sent out "un- 
latched" by the integer unit. The value on these pins during any 
given cycle is the address space identifier corresponding 
to the 


memory address on the A[31:0] pins at that cycle. Assertion of 
the MAO signal during a cache miss will force the integer unit to 
put the previous address space identifier on the ASI[7:0] pins. 
ASI[7:0] pins are three-stated 
if the AOE or TOE signal is deas- 


serted. Nonnally, 
the encoding of the ASI bits is as shown in 


Table 2. The remaining codes are software generated. 


Address Space Identifier 
(ASI) 
Address Space 


00001000 
User Instruction 


00001010 
User Data 


00001001 
Supervisor Instruction 


00001011 
Supervisor 
Data 


0[31 :0). D[31:0] is the bidirectional data bus to and from the inte- 
ger unit. The data bus is driven by the integer unit during the exe- 
cution of integer store instructions and the store cycle of atomic 
load/store instructions. 
Similarly, the data bus is driven by the 


floating-point 
unit only during the execution of floating-point 


store instructions. 
The store data is sent out unlatched and must 


be latched externally before it is used. Once latched, store data 
is valid during the second data cycle of a store single access, the 
second and third data cycle of a store double access, and the third 
data cycle of an atomic load store access. The alignment for load 
and store instructions isdone inside the processor. A double word 
is aligned on an 8-byte boundary, a word is aligned on a 4-byte 
boundary, and a half word is aligned on a 2-byte boundary. D(31) 
corresponds to the most significant bit of the least significant byte 
of the 32-bit word. If a double word, word, or half word load or 
store instruction generates an improperly aligned address, a mem- 
ory address not aligned trap will occur. Instructions and operands 
are always expected to be fetched from a 32-bit wide memory. 


SIZE[I:O]. 
These two bits specify the data size associated with 


a data or instruction fetch. Size bits are sent out "unlatched" 
by 


the integer unit. 
The value on these pins at any given cycle is the 


data size corresponding 
to the memory address on the A[31:0] 


pins at that cycle. SIZE[1:0] remains valid on the bus during all 
data cycles of loads, stores, 
load doubles, 
store doubles and 


atomic 
load stores. 
Since all instructions 
are -32-bits long, 
SIZE[1:0] is set to "10" during all instruction fetch cycles. Encod- 
ing of the SIZE[I:0] bits is shown in Table 3. 


Size 1 
Size 0 
Data Transfer lYPe 


0 
0 
Byte 
. 


0 
1 
Halfword 


1 
0 
Word 


1 
1 
Word (Load/Store 
Double) 


MHOLDA and MHOLDB. 
The processor pipeline will be frozen 


while MHOLDA 
or MHOLDB 
is asserted and the CY7C60lA 


outputs will revert to and maintain the value they had at the rising 
edge of the clock in the cycle before MHOLDA or MHOLDB was 
asserted. MHOLDNB 
is used to freeze the clock to both the inte- 


ger and floating point units during a cache miss (for systems with 
cache) or when a slow memory is accessed. This signal must be 
presented to the processor chip at the beginning of each processor 
clock cycle and be stable during the high time of the processor 
clock. Either MHOLDA 
or MHOLDB can be used for stopping 


the 
processor 
during 
a cache 
miss or 
memory 
exception. 
MHOLDB has the same definition as MHOLDA. The processor 
hardware uses the logical "OR" of all hold signals (i.e., MHOL- 
DA, MHOLDB 
and BHOLD) to generate a final hold signal for 


freezing the processor pipeline. All HOLD 
signals are latched 


(transparent 
latch) in the CY7C60lA before they are used. 


BHOLD. 
BHOLD is asserted by the I/O controller when an ex- 
ternal bus master requests the data bus. Assertion of this signal 
will freeze the processor pi~line. 
External logic should guaran- 
tee that after deassertion ofBHOLD, 
the data at all inputs to the 


chip is the same as what it was before BHOLD was asserted. This 
signal must be presented 
to the processor chip at the beginning 


of each processor clock cycle and be stable during the high time 
of the 
processor 
clock since 
the 
CY7C601A 
processes 
the 


BHOLD 
input through 
a transparent 
latch before 
it is used. 


BHOLD should be used only for bus access requests by an exter- 
nal device since the MDS and MEXC signals are not recognized 
while this input is active. BHOLD should not be deasserted while 
LOCK is asserted. 


MOS. 
Assertion of this signal will enable the clock inpu t to the 


on-chip instruction register (during an instruction fetch) or to the 
load result register (during a data fetch). In a system with cache, 
MDS is used to signal the processor when the missed data (cache 
miss) is ready on the bus. In a system with slow memories, MDS 
is used to signal the processor when the read data is available on 
the bus. MDS must be asserted only while the processor is frozen 
by either 
the MHOLDA 
or MHOLDB 
input signals. 
The 


CY7C60lA samples the MDS signal via an on-chip transparent 
latch before it is used. The MDS signal is also used for strobing 
memory exceptions. 
In other words, MDS should be asserted 


whenever MEXC is asserted (see MEXC definition). 


MEXC. This signal is asserted by the memory (or cache) control- 
ler to initiate an instruction (or data) exception trap. MEXC is 
latched in the processor at the rising edge of CLK and is used in 
the following cycle. If MEXC is asserted during an instruction 
7 


fetch cycle an instruction 
access exception is generated, 
and if 


MEXC is asserted during a data fetch cycle, a data access excep- 
tion 
trap 
is generated. 
The 
MEXC 
signal is used during 


(MHOLD) in conjunction with the MDS signal to indicate to the 
CY7C601A that the mel!!Q!Y..systemwas unable to~ 
valid 


instruction 
or data. 
If MDS is applied without 
MEXC, 
the 


CY7C60lA accepts the contents of the data bus as valid informa- 
tion but when MDS is applied with MEXC an exception trap is 
generated 
and the contents 
of the data bus is ignored by the 


CY7C60lA (i.e., MHOLD 
and MDS must be low when MEXC 


is asserted). MEXC must be deasserted in the same clock cycle in 
which MHOLD 
is released. 


AOE. 
Deassertion of this signal will three-state all output drivers 


associated with A[31:0] and ASI[7:0] outputs. 
AOE is connected 


directly to the output drivers of the address and ASI signals and 
must be asserted during nonnal operations. 
This signal should 


be deasserted only when the bus is granted to another bus master 
(i.e., when either BHOLD, MHOLDA or MHOLDB is asserted). 


DOE. Deassertion of this signal will three-state all output drivers 
of the data D[31:0] bus. DOE is connected directly to the data 
bus output drivers and must be asserted during normal opera- 
tions. 
This signal should be de asserted only when the bus is 


granted 
to another 
bus master 
(i.e., when 
either 
BHOLD, 


MHOLDA 
or MHOLDB 
is asserted). 


COE. 
Deassertion of this signal will three-state all output drivers 
associated with SIZE[I:0], RD, WE, WRT, LOCK, LDSTO and 
DXFER outputs. COE is connected directly to the output drivers 
and must be asserted during 
nonnal 
operations. 
This signal 


should be deasserted only when the bus is granted 
to another bus 


master (i.e., when either BHOLD, MHOLDA, 
or MHOLDB 
is 


asserted). 


RD. 
This signal specifies whether the current memory access is 


a read or write operation. 
It is sent out "unlatched" by the mteger 
unit and must be latched externally before It lSused. 
RD ISset 


to "0" only during address cycles of store instructions including 
the store cycles of atomic load store instructions. This signal when 
used in conjunction with SIZE[I:0], ASI[7:0], and LDSTO, can 
be used to check access rights of bus transactIOns. In addItion, the 
RD signal may be used to turn off the output drivers of data 
RAMs during a store operation. 
For atomIc load store mstruc- 


tions the RD signal is" 1"during the first address cycle (read cycle) 
and "0" during the second and third address cycles (wnte cycle). 


WE. This signal is asserted by the integer unit during the second 
address cycle of store single instructions, the second and thIrd ad- 
dress cycles of store double instructions, and the third address cy- 
cle of atomic load/store instructIons. The WE sIgnal ISsent out 
"unlatched" and must be latched externally before it is used. The 
WE signal may be externally qualified by HOLD 
signals (i.e., 


MHOLDA 
and MHOLDB) 
to avoid writing into the memory 


during memory exceptions. 


WRT. 
This signal is asserted (set to "1") by the processor during 


the first address cycle of single or double mteger store mstruc- 
tions, the first address cycle of single or double floating-point 
store instructions, and the second address cycle of atomic load/ 
store instructions. 
WRT is sent out "unlatched" 
and must be 


latched externally before it is used. 


LDSTO. This signal is asserted by the integer unit during the data 
cycles of atomic load store operations. 
LDSTO is sent out "un- 
latched" by the integer unit and must be latched externally before 
it is used. 


LOCK. This signal is set to "1" when the processor needs the bus 
for multiple cycle transactions such as atomic load/store, double 
loads and double stores. 
LOCK signal is sent "unlatched" 
and 


should be latched externally before it is used. The bus may not 
be granted to another bus master as long as LOCK signal is as- 
serted (i.e., BHOLD should not be asserted in the following proc- 
essor clock cycle when LOCK = 1). 


DXFER. This signal is asserted by the processor at the beginning 
of all bus data 
transfer 
cycles. DXFER 
is "unlatched" 
and 


DXFER 
= 1 indicates a data cycle. 


INULL. 
Assertion of INULL indicates that the current memory 


access (whose address is held in an external latch) is to be nullified 
by the processor. INULL is intended to be used to disable cache 
misses (in systems with cache) and to disable memory exception 
generation for the current memory access (i.e., MDS and MEXC 
should not be asserted for a memory access when INULL = 1).IN- 
ULL is a latched output and is active during the same cycle as the 
address, which it nullifies (the address is not on the bus, but is 
latched externally). INULL is asserted under the following condi- 
tions: During the second cycle of a store instruction, or whenever 
the CY7C601A address is invalid due to an external or internal 
exception. If a floating-point 
unit or coprocessor unit is present 


in the system, INULL should be ORed with the FNULL and 
CNULL signals from these units. 


1FT. 
The state of thi~n 
determines 
the behavior of the 


IFLUSH instruction. 
If 1FT = I, then IFLUSH executes like a 
NOP with no side effects. 
If 1FT = 0, then IFLUSH causes an 


unimplemented 
instruction trap. 


Floating-Point/Coprocessor 
Interface Signals 


FP. This signal indicat~whether 
or not a floating-point unit ex- 


ists in the systcm. The FP signal is normally pulled up to VDD 
by a resistor. It is grounded when the FPU chip is present. 
The 


integer unit generates a floating-point disable trap if FP = 1dur- 


mg the executIon ot a 1I0atmg-pomt mstructIon, rUlcc mstructlon 
or floating-point 
load, and store instructions. 


CPo This signal indicates whether or not a coprocessor exists in 
the system. The CP signal is normally pulled up to VDD by a re- 
sistor. It is grounded when the coprocessor chip IS"p!'esent. 
The 


integer unit generates a coprocessor disable trap IfCP = 1dunng 
the execution of a coprocessor mstructIon, CBccc mstructlon or 
coprocessor load and store instructions. 
FCC[I:O). These bits are taken as the current condition code bits 
of the FPU. They are considered valid if FCCV = 1. Dunng the 
execution of the FEfcc instruction, 
the processor uses these bIlS 


to determine 
whether 
the 
branch 
should 
be taken 
or not. 


FCC[I:0) are latched by the processor before they are used. 


CCC[l:O). These bits are taken as the current condition code bits 
of the coprocessor. They are considered valid if CCCV = 1. Dur- 
ing the execution of the CBccc instruction, 
the processor uses 


these bits to determine 
whether the branch should be taken or 


not. CCC[I:0) are latched by the processor before they are used. 


FCCV. 
This signal should be asserted only when the FCC[I:0) 


bits are valid. The floating-point unit deasserts FCCV If pendmg 
floating-point 
compare 
instructions 
exist in the floatmg-pomt 


queue. FCCV is reasserted when the compare mstructIOn ISco'?- 
pleted and the floating-pomt condition codes FCC[I:0) are vahd. 
The integer unit will enter a walt state IfFCCV ISde asserted (I.e., 
FCCV = "0"). The FCCV signal is latched (transparent 
latch) m 


the CY7C60lA before it is used. 


CCCV. 
This signal should be asserted only when the CCC[I:0] 


bits are valid. The 
coprocessor 
deasserts 
CCCV 
If pendmg 


coprocessor compare instructions exist in the coprocessor queue. 
CCCV is reasserted when the compare instruction 
is completed 


and the coprocessor condition codes CCC[ 1:0)are valid. The in- 
tegerunit will enter a wait state ifCCCV isde asserted (!.C., CCCV 
= "0"). The CCCV signal is latched (transparent 
latch) m the 


CY7C601A before it is used. 


FHOLD. This signal is asserted by the floating-point unit if a situ- 
ation arises in which the FPU cannot contmue executIOn. The 
floating-point unit checks all dependencies 
in the decode stage of 


the instruction 
and asserts FHOLD 
(if necessary) in the next 


cycle. This signal is used by the integer unit to freeze the instruc- 
tion pipeline in the same cycle. The FPU must e~entually de assert 
FHOLD 
in order to unfreeze the mteger umt s pIpelIne. 
The 


FHOLD 
signal is latched (transparent 
latch) in the CY7C601A 


before it is used. 


CHOLD. 
This signal is asserted by the coprocessor if asituation 


arises in which the coprocessor cannot contmue executIon. 
The 


coprocessor checks all dependencies in the decode stage of the in- 
struction and asserts CHOLD (if necessary) m the next cycle. ThIS 
signal is used by the integer unit to freeze the instruction pipeline 
in the same cycle. The coprocessor 
must eventually 
deassert 


CHOLD 
in order to unfreeze the integer unit's pipeline. 
The 


CHOLD 
signal is latched (transparent 
latch) in the CY7C601A 


before it is used. 


FEXC. 
Assertion of this signal indicates that a floatin~-point ex- 
ception has oceurred. FEXC must remain asserted until the mte- 
ger unit takes the trap and acknowledges the FPU VIaFXACK sIg- 
nal. 
Floating-point 
exceptions 
are 
taken 
only 
dunng 
the 


execution of floating-point 
instructions, 
FEfcc instruction 
and 


floating-point load, and store instructions. 
FEXC is latched in the 


integer unit before it is used. The FPU should deassert FHOLD 
if it detects an exception while FHOLD 
is asserted. 
In thiS case 


FEXC should be asserted a cycle before FHOLD 
is deasserted. 


CEXC. 
Assertion of this signal indicates that a coprocessor ex- 


ception has occurred. This signal must remain asserted until the 
integer unit takes the trap and acknowledges the coprocessor via 
CXACK signal. Coprocessor exceptions are taken only during the 
execution 
of coprocessor 
instructions, 
CBccc instruction 
and 


coprocessor load and store instructions. 
CEXC is latched in the 


integer unit before it is used. 
The coprocessor should deassert 


CHOLD 
if it detects an exception while CHOLD is asserted. 
In 


this case CEXC should be asserted a cycle before CHOLD is deas- 
serted. 


INST. 
This signal is asserted by the integer unit whenever a new 


instruction is being fetched. It is used by the FPU or coprocessor 
to latch the instruction on the D[31:0] bus into the FPU or copro- 
cessor instruction buffer. The FPU (or coprocessor) needs two in- 
struction buffers (D 1 and D2) to save the last two fetched instruc- 
tions. 
When INST is asserted a new instruction enters into the 


Dl buffer and the old instruction in Dl enters into the D2 buffer. 
FLUSH. 
This signal is asserted by the integer unit and is used 
by the FPU or coprocessor to flush the instructions in its instruc- 
tion registers. This may happen when a trap is taken by the inte- 
ger unit. Instructions that have entered into the floating-point (or 
coprocessor) queue may continue 
their execution if FLUSH is 


raised as a result of a trap or exception other than floating-point 
(or coprocessor) exceptions. 


FINSl. 
This signal is asserted by the integer unit during the de- 


code stage of an FPU instruction if the instruction is in the D 1 
buffer of the FPU chip. The FPU uses this signal to latch the in- 
struction in Dl buffer into its execute stage instruction register. 


FINS2. 
This signal is asserted by the integer unit during the de- 


code stage of an FPU instruction if the instruction is in the D2 
buffer of the FPU chip. The FPU uses this signal to latch the in- 
struction in D2 buffer into its execute stage instruction register. 
CINSl. 
This signal is asserted by the integer unit during the de- 


code stage of a coprocessor instruction if the instruction is in the 
D 1 buffer of the coprocessor chip. The coprocessor uses this sig- 
nal to latch the instruction in Dl buffer into its execute stage in- 
struction register. 


CINS2. 
This signal is asserted by the integer unit during the de- 


code stage of a coprocessor instruction if the instruction is in the 
D2 buffer of the coprocessor chip. The coprocessor uses this sig- 
nal to latch the instruction in D2 buffer into its execute stage in- 
struction register. 


FXACK. 
This signal is asserted by the integer unit in order to 


acknowledge to the FPU that the current FEXC trap is taken. 
The FPU must deassert FEXC after it receives an asserted level 
ofFXACK 
signal so that the next floating-point instruction does 
not cause a "repeated" 
floating-point exception trap. 


CXACK. 
This signal is asserted by the integer unit in order to 


acknowledge to the coprocessor that the current CEXC trap is 
taken. The coprocessor must deassert CEXC after it receives a 
asserted level of CXACK signal so that the next coprocessor in- 
struction does not cause a "repeated" coprocessor exception trap. 


Miscellaneous 
I/O Signals 


IRL[3:0]. 
The data on these pins defines the external interrupt 
level. IRL{3:0] =ססoo indicates that no external 
interrupts 
are 


pending. The integer unit uses two on-chip synchronizing latches 
to sample these signals on the rising edge of CLK. A given inter- 
rupt level must remain valid for at least two consecutive cycles to 
be recognized by the integer unit. IRL{3:0] = 1111 signifies an 
non-maskable 
interrupt. 
All other interrupt levels are maskable 


by the PIL field of the processor state register (PSR). 
External 
interrupts should be latched and prioritized by the external logic 
before they are passed to the integer unit. The external interrupt 
latches should keep the interrupts pending until they are taken 
(and acknowledged) by the integer unit. External interrupts can 
be acknowledged by software or by the Interrupt 
Acknowledge 


(lNTACK) output. 


INTACK. 
This signal is asserted by the integer unit when an ex- 


ternal interrupt is taken. 
RESET. 
Assertion of this pin will reset the integer unit. The RE- 


SET signal must be asserted for a minimum of eight processor 
clock cycles. After a reset, the integer unit will start fetching from 
address O. The RESET signal is latched by the integer unit before 
it is used. 


ERROR. 
This signal is asserted by the integer unit when a trap 


is encountered 
while traps are disabled via the ET bit in the PSR. 


In this situation the integer unit saves the PC and nPC registers, 
• 
sets the tt value in the TBR, enters into an error state, asserts the 
ERROR 
signal and then halts. The only way to restart the proc- 


esso~ 
in the error state, is to trigger a reset by asserting 


the RESET signal. 


TOE. 
This signal is used to force all output drivers of the proces- 


sor chip into a high-impedance state. It is used to isolate the chip 
from the rest of the system for debugging purposes. 


FPSYN. 
This pin is a mode pin which is used to allow execution 


of additional instructions in future designs. It should be normally 
kept de asserted (FPSYN =0) to disable the execution of these in- 
structions. 


CLK. 
CLK is a 50% duty-cycle clock used for clocking the 


CY7C60lA's 
pipeline registers. 
It is HIGH during the first half 


of the processor cycle, and LOW during the second half. The ris- 
ing edge of CLK defines the beginning of each pipeline stage in 
the CY7C60lA chip. 
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Maximum Supply Current (mA) 
Commercial 


SPARC is a registered trademark of SPARC International, 
Inc. 


Features 


• 
Direct interface to CY7C601 integer 
unit 
• 
Direct interface to CY7C157 Cache 
Storage Unit (CSU) 
• 
Full compliance with ANSI/IEEE-754 
standard 
for binary floating-point 
arithmetic 
• 
Supports 
single and double precision 
floating-point 
operations 
• 
6.15 MFWPs 
peak double- 
precision performance 
at 40 MHz 
• 
SPARC-compatible 
interface allows 
concurrent 
execution of integer and 
floating-point 
instructions 


INSTRUC· 
TION 
PIPE 


~ 
OA2 


Floating-Point 
Unit 


• 
Hardware interlocks synchronize in- 
teger unit and floating-point 
unit op- 


erations 
• 
64-bit multiplier 
and divide/square 
root unit 


• 
64-bitALU 
• 
16 64-bit registers or 32 32-bit regis- 
ters in a three-port 
floating-point 
reg- 
ister file with an independent 
load/ 
store port. 


• 
144-pin PGA package 
• 
Available in speeds of 25, 33, and 40 
MHz 


Description 


The CY7C602A is a high-speed SPARC@- 
compatible floating-point unit for use with 
the 
CY7C60lA 
integer 
unit. 
The 


CY7C602A floating-point unit allows floa- 
ting-point instructions to execute concur- 
rently with CY7C60lA 
integer 
unit in- 
structions. 
The CY7C602A interfaces di- 
rectly to the CY7C60lA integer unit with- 
out glue logic. The CY7C602A provides a 
peak 6.15 MFLOPS 
of double-precision 
perforrnance 
at 40 MHz. 
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CY7C60lA - CY7C602A Hardware Interface 


The SPARC floating-point/integer 
unit interface provides con- 


current execution of integer and floating-point 
instructions. The 


CY7C60lA integer unit fetches all instructions for both itself and 
the CY7C602A FPU, providing all addressing and control signals. 
The CY7C602A floating-point 
unit latches all integer and floa- 


ting-point instructions in parallel with the CY7C60lA. When the 
CY7C60lA 
decodes a floating-point 
instruction, 
it signals the 


CY7C602A with the FlNS1 or FlNS2 signal. This starts the ex- 
ecution of the floating-point instruction by the CY7C602A. 


Functional 
Description 


The CY7C602A floating-point unit is a high-performance, 
single- 


chip implementation 
of the SPARC reference floating-point unit. 


The CY7C602A FPU directly interfaces with the CY7C601A In- 
teger unit, providing concurrent 
floating-point 
and integer in- 


struction execution. The Cypress 7C600 chipset, comprised of the 
CY7C60lA 
integer 
unit, 
CY7C602A 
floating-point 
unit, 


CY7C604A cache controller and memory management unit, and 
two CY7C157A CSUs, constitutes a high-performance 
CPU re- 


quiring no interface logic. The Cypress 7C600 chip-set is available 
in speeds up to 40 MHz, providing a sustained 29 MIPS of integer 
unit performance 
and over 6 MFLOPS of double-precision floa- 


ting-point performance. 


The CY7C602A supports single and double precision f1oating- 
point operation. 
Double precision floating-point is efficiently ex- 


ecuted in the CY7C602A using a 64-bit internal datapath. 
The 


floating-point 
datapath 
circuitry contains a 64-bit multiplier, a 


64-bit ALU, and a 64-bit divide/square-root 
unit. The CY7C602A 


provides thirty-two 32-bit floating-point 
registers, which can be 


concatenated for use as 64-bit registers. The CY7C602A complies 
with the ANSIIIEEE-754 
floating-point standard. 


The CY7C602A supports the execution of SPARC floating-point 
instructions. 
These instructions 
are separated 
into two groups: 
floating-point 
load/store and floating-point operate instructions 


(FPops). Floating-point 
load/store instructions are used to trans- 


fer data to and from the data registers (f registers). FP load/store 
instructions also allow the CY7C60lA 
integer unit to read and 


write the floating-point status register (FSR) and to read the front 
entry of the floating-point queue. Floating-point 
operate instruc- 


tions (FPops) include basic numeric operations 
(add, subtract, 


mUltiply, and divide), conversions between data types, register to 
register moves, and floating-point number comparison. FPops op- 
erate only on data in the floating-point registers. Floating-point 
branch instructions are executed by the IU on the basis ofFP con- 
dition codes, and are not executed by the FPu. 
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CY7C602A Registers 


The CY7C602A has three types of user-accessible registers: the 
f registers, the FP queue, and the floating-point 
status register 


(FSR). 
The f registers are the CY7C602A data registers. 
The 


FSR is the CY7C602A status and operating mode register. 
The 


FP queue contains the CY7C602A instructions that have started 
execution and are awaiting completion. 
The following section de- 


scribes these registers in detail. 


f Registers 


The CY7C602A provides 32 registers for floating-point 
opera- 


tions, referred to as f registers. 
These registers are 32 bits in 


length, which can be concatenated 
to support 64-bit double words. 


Integer and single precision data requires a single 32-bit f register. 
Double precision data requires 64 bits of storage and occupIes an 
even-<>ddpair of adjacent f registers. Extended precision data re- 
quires 128bits of storage and occupies a group of four consecu tive 
f registers, always starting with register m, f4, 18, £12,£20,f24, or 
£28. 


The CY7C602A forces register addressing to match the data type 
specified by the floating-point 
instruction. 
This ensures data 


alignment in the f register file for double and extended precision 
data. Figure 2 illustrates how the CY7C602A uses the five register 
address bits in a floating-point instruction for the different types 


of data. Single data word transfers (integer, single-precision floa- 
ting-point) can be stored in any register. 
Consequently, 
all five 


bits of the register address specified in the floating-point instruc- 
tion are valid. Double-precision 
data must reside in an even-odd 


pair of adjacent registers. By ignoring the LSB of the register ad- 
dress for a FPop requiring a register pair, the CY7C602A ensures 
data alignment. 
In a similar manner, the two LSBs of the register 


address are ignored in a SPARC FPU that supports extended pre- 
cision data. 


~ 


rd,rs1.~or rs2 field 
of FP instruction 
CIIIIJ 


all five bits of 
register address 
are used 


double precision data CIIIIJ 
LSB is ignored 


FP Queue 


The CY7C602A maintains a floating-point queue of instructions 
that have started execution, but have yet to complete execution. 
The FP queue is used to accommodate the multiple clock nature 
of floating-point instructions. 
It also allows the CY7C602A to op- 


timize execution through the use of data forwarding. 
Data for- 


warding allows FPop results to be used by a subsequent FPop be- 
fore the results have been stored in its destination register. This 
saves one clock of execution time for each instruction that uses 
this feature. 
The other purpose of the FP queue is to support the handling of 
FP exceptions. 
When the CY7C602A encounters 
an exception 


case, it enters pending exception mode and waits for the next FP 
instruction to be executed. 
When the CY7C60lA decodes a FP 
instruction following the exception, it asserts the FINS 1or FINS2 
signal. The CY7C602A then enters exception mode and asserts 
FEXC to signal a floating-point exception. When the CY7C602A 
enters the exception mode, floating-point execution halts until the 
FP queue is emptied. This allows the CY7C601A to store the floa- 
ting-point instructions under execution when the exception case 
occurred. 
Emptying the FP queue frees the CY7C602A for use 
by the trap handler without losing the pre-exception state of the 
CY7C602A. 
Nter 
the 
trap 
handler 
finishes execution, 
the 


CY7C60lA 
again fetches the FPop instructions previously stored 
in the FP queue, thus bringing the CY7C602A back to its previous 
state. 


The FP queue contains the 32-bit address and 32-bit FPop instruc- 
tion of up to three instructions under execution. Only FPop in- 
structions are queued. The top entry of the FP queue is accessible 
by executing the store double floating-point queue (STDFQ) in- 
struction. 
A load FP queue instruction does not exist, as the FP 
queue must be re-initialized by launching the queued instructions. 


Floating-Point 
Status Register (FSR) 


The following paragraphs describe the bit fields of the Floating- 
point status register (FSR). Figure 3 illustrates the bit assignments 


for the FSR. Refer to Table 1 (following page) for bit assignments 
for the FSR fields. 
RD FSR(31:30). 
Rounding Direction: 
These two bits define the 


rounding direction used by the CY7C602A during an FP arithme- 
tic operation. 
RP FSR(29:28). 
Rounding Precision: These two bits define the 


rounding precision to which extended results are rounded. 
This 


is in accordance with the ANSI/IEEE 
STD-745-1985. 


TEM 
FSR(27:23). 
Trap Enable Mask: These five bits enable 


traps caused by FPops. 
These bits are ANDed (1 = enable, 0 = 
disable) with the bits of the CEXC (current exception field) to de- 
terrnine which traps will force a floating-point 
exception to the 


CY7C60lA. 
All trap enable fields correspond 
to the similarly 


named bit in the CEXC field (see below). The TEM field only 
affects which bits in the CEXC field will cause the FEXC signal 
to be asserted. ALL trap types, regardless of the state of the TEM 
field, are reported in the AEXC and CEXC fields. 


NS FSR(22). 
Non-Standard 
Floating Point: 
This bit enables 


non-standard 
floating-point operations 
in the CY7C602A. 


version FSR(19:17). 
The version number is used to identify the 


SPARC floating-point processor type. This field is set to 011 (3H) 
for the CY7C602A, and is read-only. 


I<-TTFSR(l6:14). 
Floating-point Trap Type: This field identifies 


the floating-point trap type of the current FP exception. This field 
can be read only. 


QNE FSR(13). 
Queue Not Empty: This bit signals whether the 


FP queue is empty. 
(0 = empty, 1= not empty) 


FCC FSR(11:10). 
Floating-point 
Condition Codes: 
These two 


bits report the FP condition codes (see Table 1 below). 


AEXC FSR(9:5). 
Accumulated 
EXCeptions: 
This field reports 


the accumulated FP exceptions. 
All exception cases, masked or 


unmasked, are ORed with the contents of the AEXC and accu- 
mulated as status. All accumulated fields have the same definition 
as the corresponding 
field for CEXC (see below). This field can 


be read and written, and must be cleared by software (see Table 1). 


CEXC FSR(4:0). 
Current EXCeptions: 
This field reports the cur- 
rent FP exceptions. 
This field is automatically cleared upon the 


execution of the next floating-point instruction. 
CEXC status is 


not lost upon assertion of a floating-point exception, since instruc- 
tions 
following 
a valid exception 
are 
not 
executed 
by the 


CY7C602A. 
The following defines the five CEXC bits: 


nvc = 1 
indicates invalid operation exception. This is defined 


as an operation 
using an improper operand value. 
An example 


of this is 0/0, 00, or -00. 


ofc = 1 
indicates overflow exception. 
The 
rounded 
result 


would be larger in magnitude than the largest normalized number 
in the specified format. 


ufc = 1 
indicates underflow exception. 
The rounded result is 


inexact, and would be smaller in magnitude than the smallest nor- 
malized number in the indicated forrnat. 


dzc = 1 
indicates division-by-zero, XlO, where X is subnormal 


or normalized. 
Note that % 
does not set the dzc bit. 


nxc = 1 
indicates inexact exception. 
The rounded result dif- 


fers from the infinitely precise correct result. 


R FSR21, 20, and 12. 
Reserved - always set to O. 
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Loadable by 
Field 
Values 
FSR bits 
Description 
LDFSR 


RD 
o - Round to nearest (tie-even) 
31:30 
Rounding Direction 
yes 


1- Round to 0 
2 - Round to + 00 
3 - Round to - 00 


RP 
o - Extended precision 
29:28 
Extended Rounding Precision 
yes 


1 - Single precision 
2 - Double precision 
3 - Reserved 


TEM 
o - Disable trap 
27:23 
Trap Enable Mask 
yes 


1 - Enable trap 
NVM 
27 
invalid operation trap mask 


OFM 
26 
overflow trap mask 


UFM 
25 
underflow trap mask 


DZM 
24 
divide by zero trap mask 
NXM 
23 
inexact trap mask 


NS 
0- Disable 
22 
Non-standard 
Floating-point 
yes 


1- Enable 


version 
0-7 
19:17 
FPU version number 
no 


FTT 
o -None 
16:14 
Floating-point 
trap type 
no 


1 - IEEE Exception 
2 - Unfinished FPop 
3 - Unimplemented 
FPop 


4 - Sequence Error 
5 - 7 Reserved 


QNE 
o - queue empty 
13 
Queue Not Empty 
no 


FCC 
0- = 
11:10 
Floating-point 
Condition Codes 
yes 


1- < 
2- > 
3 - Unordered 


AEXC 
9:5 
Accrued Exception Bits 
yes 


NVA 
9 
accrued invalid exception 


OFA 
8 
accrued overflow exception 
UFA 
7 
accrued underflow exception 


DXA 
6 
accrued divide by zero exception 
NXA 
5 
accrued inexact exception 


CEXC 
4:0 
Current Exception Bits 
yes 
NVC 
4 
current invalid exception 


OFC 
3 
current overflow exception 
UFC 
2 
current underflow exception 


DZC 
1 
current divide by zero exception 
NXC 
0 
current inexact exception 


r 
Always set to 0 
21,20,12 
reserved bits 
no 
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Integer Unit Interlace 
Signals: 


FP active-low output. 
Floating-point 
Present: 
This signal indi- 


cates to the CY7C60lA 
that a FPU is present in the system. In 


the absence of a FPU, this signal is pulled up to VCC by a resistor. 
This is a static signal; it always asserts a low o\.!!£ut. 
The 


CY7C60lA generates a floating-point disable trap if FP is not as- 
serted during the execution of a floating-point instruction. 


FCC(I:O) 
output. 
Floating-point 
Condition 
Codes: 
The 
FCC(1:0) bits indicate the current condition code of the FPU, and 
are valid only if FCCV is asserted. FBfcc instructions use the val- 
ue of these bits during the execute cycle if they are valid. If the 
FCC bits are not valid, then FCCV is released, which halts the 
CY7C60lA until the FCC bits become valid. 


FCCl 
FCCD 
Condition 


0 
0 
equal 


0 
1 
Opl 
< Op2 


1 
0 
Opl 
> Op2 


1 
1 
Unordered 


Table 2. FCC(l:0) Condition Codes 


FCCV output. 
Floating-point 
Condition 
Codes Valid: 
The 
CY7C602A asserts the FCCV signal when the FCC represent a 
valid condition. 
The FCCV signal is deasserted when a pending 


floating-point 
compare 
instruction 
exists in the floating-point 


queue. FCCV is reasserted when the compare instruction is com- 
pleted and FCC bits are valid. 


FHOLD output. 
Floating-point 
HOLD: 
The FHOLD signal is 


asserted by the CY7C602A if it cannot continue execution due to 
a resource or operand dependency. 
The CY7C602A checks for 
~dencies 
in the decode stage, and if necessary, asserts 


FHOLD 
in the next cycle. The FHOLD 
signal is used by the 


CY7C60lA 
to freeze 
its pipeline 
in the 
same cycle. 
The 


CY7C602A 
must eventually 
deassert 
FHOLD 
to release the 


CY7C60lA pipeline. 


FEXC output. 
Floating-point EXCeption: 
The FEXC is asserted 
if a floating-point exception has occurred. It remains asserted un- 
til the CY7C60lA acknowledges that it has taken a trap by assert- 
ing FXACK. Floating-point exceptions are taken only during the 
execution of a floating-point 
instruction. 
The CY7C602A re- 


leases FEXC when it receives FXACK. 


FXACK input. 
Floating-point 
eXception ACKnowledge: 
The 


FXACK signal is asserted by the CY7C60lA 
to acknowledge to 
the CY7C602A that the current FP trap is taken. 


INST input. 
INSTruction fetch: The INST signal is asserted by 
the CY7C60lA 
whenever a new instruction is being fetched. 
It 
is used by the CY7C602A to latch the instruction on the D(31:0) 
bus into the FPU instruction buffer. The CY7C602A has two in- 
struction buffers (D1 and D2) to save the last two fetched instruc- 
tions. When INST is asserted, the new instruction enters the D1 
buffer and the old instruction in D1 enters the D2 buffer. 


FINSI input. 
Floating-point INStruction in buffer 1: The FINS 1 


signal is asserted by the CY7C601A during the decode stage of a 
FPU instruction if the instruction is stored in the D1 buffer of the 
CY7C602A. 
The CY7C602A uses this signal to launch the in- 
struction in the D 1 buffer into its execute stage instruction regis- 
ter. 


FINS2 input. 
Floating-point INStruction in buffer 2: The FINS2 


signal is asserted by the CY7C601A during the decode stage of a 
FPU instruction if the instruction is stored in the D2 buffer of the 
CY7C602A. 
The CY7C602A uses this signal to launch the in- 
struction in the D2 buffer into its execute stage instruction regis- 
ter. 


FLUSH input. 
Floating-point 
instruction fLUSH: The FLUSH 


signal is asserted by the CY7C60lA 
to signal to the CY7C602A 


to flush the instructions in its instruction registers. This may hap- 
pen when a trap is taken by the CY7C601A. The CY7C601A will 
restart the flushed instructions 
after returning 
from the trap. 


FLUSH has no effect on instructions in the floating-point queue. 
In addition to freezing the FPU pipeline, the CY7C602A uses 
FLUSH to shut off D bus drivers during store. To ensure correct 
operation of the CY7C602A, FLUSH must not change state more 
than once during a clock cycle. 


Coprocessor 
Interlace 
Signals: 


CHOLD input. 
Coprocessor HOLD: 
The CHOLD signal is as- 


serted by the coprocessor ifit cannot continue execution. The c0- 
processor must check all dependencies 
in the decode stage of the 


instruction and assert the CHOLD signal, if necessary, in the next 
cycle. The coprocessor must eventually deassert this signal to un- 
freeze the CY7C60lA and CY7C602A pipelines. 
The CHOLD 


signal is latched with a transparent 
latch in the CY7C602A before 


it is used. 


CCCV input. 
Coprocessor Condition Codes Valid: The copro- 


cessor asserts the CCCV signal when the CCC(1:0) represent a 
valid condition. 
The CCCV signal is deasserted when a pending 


floating-point 
compare 
instruction 
exists in the 
coprocessor 


queue. CCCV is reasserted when the compare instruction is com- 
pleted and CCC bits are valid. The CY7C602A will enter a wait 
state if CCCV is deasserted. 
The CCCV signal is latched with a 


transparent 
latch in the CY7C602A before it is used. 


System/Memory 
Interlace 
Signals: 


A(31:0) input. 
Address bus (31:0): 
The address bus for the 


CY7C602A is an input-only bus. The CY7C601A supplies all ad- 
dresses for instruction and data fetches for the CY7C602A. The 
CY7C602A captures addresses of floating-point instructions from 
the A(31:0) bus into the DDA register. 
When INST is asserted 


by the CY7C60lA, the contents of the DDA is transferred to the 
DA1 register. 


0(31:0) input/output. 
Data bus (31:0): The D(31:0) bus is driven 


by the FPU only during the execution of floating-point 
store in- 


structions. 
The store data is sent out unlatched 
and must be 


latched externally before it is used. Once latched, store data isval- 
id during the second data cycle of a store single access and on the 
second and third data cycle of a store double access. The data 
alignment for load and store instructions is done inside the FPu. 
A double word is aligned on an eight-byle boundary. 
A single 


word is aligned on a four-byte boundary. 


DOE input. 
Data Output Enable: The DOE signal is connected 


directly to the data output drivers and must be asserted during 
normal operation. 
deassertion of this signal tri-states all output 


drivers on the data bus. 
This signal should be deasserted 
only 


when the bus is granted to another bus master, i.e, when either 
BHOLD, MHOLDA, 
or MHOLDB 
is asserted. 


MHOLDA, MHOLDB 
input. 
Memory 
HOLD: 
Asserting 


MHOLDA 
or MHOLDB 
freezes the CY7C602A pipeline. 
Ei- 
ther MHOLDA or MHOLDB is used to freeze the FPU (and the 


IU) pipelines during a cache miss (for systems with cache) or when 
slow memory is accessed. 


BHOLD input. 
Bus HOLD: 
This signal is asserted by the sys- 


tem's 110 controller 
when an external bus master requests the 


data bus. Assertion of this signal will freeze the FPU pipeline. 
External 
logic 
should 
guarantee 
that 
after 
deassertion 
of 


BHOLD, the state of all inputs to the chip is the same as before 
BHOLD was asserted. 


MDS input. 
Memory Data Strobe: 
The MDS signal is used to 


load data into the FPU when the internal FP~ine 
is frozen 


by assertion of MHOLDA, 
MHOLDB, 
or BHOLD. 


FNULL output. 
Fpu NULLify cycle: This signal signals to the 


memory system when the CY7C602A is holding the instruction 
pipeline of the system. This hold would occur when FHOLD or 


FCCV is asserted. 
This signal is used by the memory system in 


the same fashion as the integer unit's !NULL signal. The system 
needs this signal because the IU's !NULL does not take into ac- 
count holds requested by the FPu. 


RESET input. 
RESET: 
Asserting the RESET signal resets the 


pipeline and sets the writable fields of the floating-point 
status 


register (FSR) to zero. The RESET signal must remain asserted 
for a minimum of eight cycles. After a reset, the IU will start 
fetching from address O. 


eLK input. 
CLOCK: 
The CLK signal is used for clocking the 


FPU's pipeline registers. It is high during the first half of the pro- 
cessor cycle and low during the second half. The rising edge of 
CLK defines the beginning of each pipeline stage in the FPU. 
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SEMICONDUCTOR 
Cache Controller 
and 
Memory Management 
Unit 


Description 


The CY7C604A consists of a cache con- 
troller 
with 
on-chip 
cache 
tag 
and 
a 


memory management 
unit. It is a high- 
speed 
CMOS 
implementation 
of 
the 


SPARC reference 
memory management 


architecture, 
combined 
with a cache tag 


and 
cache 
memory 
controller. 
The 


CY7C604A 
directly 
connects 
to 
the 


CY7C601A 
integer 
unit microprocessor 


and CY7C157A cache storage unit with- 
out any external circuitry. 
When 
combined 
with 
two CY7C157A 


16-Kbyte by 16 cache storage units, the 
CY7C604A 
forms a complete, 
no wait- 
state, 
64-Kbyte, 
direct-mapped 
virtual 
cache. The cache size can be scaled up to 
256-Kbyte and the number ofTLB entries 
increased to 256 with the use of additional 
CY7C604As and CY7C157As. 


Features 


• 
Fully conforms to the SPARC® Ref- 
erence Memory Management 
Unit 


(MMU) Architecture 
• 
Support for virtual memory 
• 
Supports context switChing 
- 
4096 contexts for TLB entries 
- 
4096 contexts for cache tag 


• 
On-Chip Translation 
Lookaside 
Buffer (TLB) 
- 
64 fully associative entries 
- 
Multi-level TLB flush 
- 
TLB probe support 
- 
Lockable entries 
- 
Random TLB replacement 
- 
Supports 
multi-level address map- 
ping (4-Kbyte, 256-Kbyte, 
16-Mbyte, and 4-Gbyte). 


• 
Page-level memory access protection 
- 
Read/Write/Execute 
- 
User/supervisor 
modes 


• 
Hardware table walk 
• 
Large address space support 
- 32-bit virtual address 
- 
36-bit physical address 


• 
2048 cache tag entries 
• 
32-byte cache line size 
• 
Address and data latches for virtual 
bus 
• 
Lockable cache 
• 
Write-through 
and copy-back cache 
polices 
• 
32-byte read line buffer 
• 
32-byte copy-back write line buffer 
• 
32-byte write-through 
buffer 
• 
Conforms to SPARC Reference Mbus 
Level 1 specification 


• 
Aliasing detection 
• 
Byte write generation 
• 
0.8-micron CMOS technology 
• 
2.2 walts typical power dissipation 
at 
33 MHz 
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The CY7C604A (CMU) is a combined memory management unit 
(MMU) and cache controller 
with on-<:hip cache tag memory. 
The CY7C604A 
IS desIgned as part of a system solution for 


high-performance 
computing using the Cypress SPARC chip set. 


This 
chIp set consIsts 
of the 
CY7C60lA 
integer 
unit, 
the 


CY7C602A floating-point 
unit, the CY7C604A CMU, and two 
CY7C157A cache storage units. 
The Cypress SPARC chip set 


compnses a five ChIp, hIgh-performance 
CPU requiring no addi- 


tional glue logic. As part of this chip set, the CY7C604A provides 
support for large addressing spaces with virtual to physical address 
translation. 
In addition to an MMU, the CY7C604A provides 


2048 cache tag entries and logic to control a 64-Kbyte virtual 
cache. The CY7C604A is a high-performance, 
high-ingetration 


solution to virtual memory and cache support for the CY7C600 
family. 


The CY7C604A is designed to be 'used in conjunction with the 
CY7C157 A cache storage unit. Two 16-Kbyte x 16-bit CY7C157s 
and one CY7C604A constitute a 64-Kbyte cache. The combina- 
tion of a CY7C604A and two CY7C157As may be cascaded to 
provide up to 256 Kbytes of cache. 


The MMU portion of the CY7C604A provides translation from 
a 32-bit virtual address range (4 gigabytes) to a 36-bit physical ad- 
dress (64 gigabytes), as provided in the SPARC reference MMU 
specification. 
Virtual address translation is further extended with 


the use of a context register, which is used to identify up to 4096 
contexts or tasks. The cache tag entries and TLB entries contain 
context numbers to identify tasks or processes. 
This minimizes 


unnecessary cache tag and TLB entry replacement 
during task 


switching. 


The MMU features a 64-entry translation lookaside buffer (TLB). 
The TLB acts as a cache for address mapping entries used by the 
MMU to map a VIrtual address to a physical address. These map- 
pIng entnes, referred to as page table entries or PTEs, allow one 
of four levels of address mapping. 
A PTE can be defined as the 
address mappin~ for a single 4-Kbyte page, a 256-Kbyte region, 
a 16-Mbyte regIon, or a 4-Gbyte region. 
The TLB entries are 
lockable, allowing important TLB entries to be excluded from re- 
placement. 
The use of multiple CY7C604As in a system allows 


the number ofTLB entries to increase from 64 up to a maximum 
of 256. 


The MMU performs its address translation task by comparing a 
VIrtualaddress supplIed by the CY7C60lA (integer unit) to the ad- 
dress tags in the TLB entries. If the virtual address and the value 
of the context register match a TLB entry, a TLB "hit" occurs. 
When thiS occurs, the physical address stored in the TLB is used 
to translate the virtual address to a physical address. The access 
type (read/write of data or instruction) and privilege level (user/ 
SUpeTVlSOr)are checked during translation. 
If a TLB hit occurs 


but access level protection is violated, the MMU signals an excep- 
tion and the operation ends. 


If the virtual address or context does not match any valid TLB 
entry, a TLB "miss" occurs. This causes a table walk to be per- 
formed by the MMU. 
The table walk is a search performed by 
the MMU through the address translation 
tables stored in main 


memory. The MMU searches through several levels of tables for 
the PTE corresponding 
to the virtual address. 
Upon finding the 


PTE, the MMU translates the address and selects a TLB entry for 
replacement, 
where it then stores the PTE. 


The 64-Kbyte virtual cache is organized into 2048 lines of 32 bytes 
each. The term "virtual cache" refers to the direct addressing of 
the cache by the integer unit (CY7C60lA) with the virtual address 
bus. Virtual address bits (VA(15:5» select the cache line, and vir- 
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Figure 1. Virtual 64.Kbyte Cache 


tual address bits (VA(4:2» select the 32-bit word of the cache line, 
as illustrated in Figure 1. The CY7C604A provides access control 
for the cache by checking the context and virtual address against 
the cache tags. 
If the virtual address, access level, and context 


match the cache tag for the cache line addressed, a cache hit oc- 
curs and the access is enabled. 
If the virtual address or context 


do not match the cache tag for the cache line, a cache miss occurs 
and the cache controller accesses main memory for the required 
data. 


The CY7C604A provides cache locking, which prevents the data 
stored in the cache from being replaced. 
The entire cache is 


locked by setting the cache lock bit (CL) in the System Control 
Register (SCR). 


The 
cache 
controller. 
supports 
two 
modes 
of 
caching: 


wrIte-through WIthno wnte allocate and copy-back with write al- 
locate. Write-through 
mode is a simpler style of cache manage- 


ment that causes write accesses to the cache to be written through 
to maIn memory upon each write access. The advantage of this 
method 
is that the cache always remains coherent 
with main 


memory. Its disadvantage is that each write to the cache is echoed 
to main memory, which increases 
traffic on the system bus. 


Another 
disadvantage 
to write-through 
is that the processor is 


delayed by the time required to arbitrate the system bus and write 
the 
data 
to main 
memory. 
However, 
in the 
case of the 


CY7C604A, this disadvantage is largely offset by the inclusion of 
write buffers. The write buffers can store up to four double-word 
accesses, allowing the CY7C60lA 
to continue 
execution while 


data is written to main memory. 


Copy-back cache mode causes write accesses to be written to the 
cache only. This causes the cache line to become modified. Modi- 
fied cache lines are automatically written back to main memory 
only when the cache line is no longer needed. 
Copy-back mode 


prOVIdes substantIal 
system performance 
improvements 
over 


write-through 
due to decreased traffic on the system bus. 


A 32-byte write buffer and a 32-byte read buffer are provided in 
the CY7C604A to fully buffer the transfer of a cache line. This 
feature allows the CY7C604A to simultaneously read a cache line 
from main memory as it is flushing a modified cache line from the 
cache. This feature is also used in write-through 
cache mode for 


write accesses to main memory. 
The write buffer avoids stalling 


the CY7C60lA on writes to main memory by storing the write 


• 


data until the physical bus becomes available. 
The write buffer 


writes the data to memory as a background task. 
The CY7C604A supports the SPARC Mbus standard bus inter- 
face. The Mbus is a peer level, high-speed, 64-bit, multiplexed ad- 
dress and data bus which supports a full peer level protocol (i.e., 
multiple bus masters). The Mbus transfers data in either burst or 
non-burst mode, depending upon size. 
Data transactions larger 
than eight bytes (one doubleword) are transferred in burst mode, 
which consists of an address phase followed by four data phases 
(32 bytes total). 
Non-burst 
transactions 
consist of an address 


phase followed by one data phase, and are used for data transac- 
tions less than eight bytes. 
Bus mastership is granted and con- 


trolled by an external bus arbiter. The bus arbiter sets bus priori- 
ties, and grants access to a bus master. 


Memory Management 
Unit 


The MMU provides virtual to physical address translation with 
the use of an on-ehip translation 
lookaside buffer (TLB). 
The 
translation lookaside buffer is in reality a full Address Translation 
Cache (ATC) for address translation entries stored from tables in 
main memory. These entries, referred to as page table entries or 
PTEs, contain the mapping information 
used by the MMU to 


translate the virtual addresses. Addresses presented to the MMU 
for translation are compared against the set of PTEs stored in the 
TLB. All entries in the TLB are simultaneously accessed through 
the use of advanced content addressable memory (CAM) technol- 
ogy. If a match for the virtual address and context is found in a 
valid TLB entry and the access protection is not violated, a TLB 
hit occurs and the address is translated. A virtual address and con- 
text that matches a valid TLB entry but violates the memory ac- 
cess protections will cause the CY7C604A to generate a memory 
exception to the CY7C60lA. 
If the TLB entries do not match the 


address and context, or the TLB entry is invalid, then a TLB miss 
occurs. The MMU responds to the TLB miss by initiating a table 
walk to find the correct PTE stored in main memory for the virtual 
address. 


The MMU uses a tree-structured 
table walk algorithm to find 


page table entries not found in the TLB. 
The table walk is a 


search through a series of tables in main memory for the PTEcor- 
responding to a virtual address. 
The table walk uses a series of 


four tables. These tables are: the context table, the level 1 table, 
the level 2 table, and the level 3 table. 
The table walk uses the 


context pointer register as a base register and the context number 
as an offset to point to an entry in the context table. At any ad- 
dress, the MMU finds either a PTE, which terminates its search, 
or a page table pointer (PTP). A PTP is a pointer used in conjunc- 
tion with a field in the virtual address to select an entry in the next 
level of tables. The table walk continues searching through levels 
of tables as long as PTPs are found pointing to the next table. The 
table walk terminates when a PTE is found, or an exception is gen- 
erated if a PTE is not found after accessing the level 3 table. An 
exception is also generated if the table walk finds an invalid or re- 
served entry in the page tables. 


Upon finding the PTE, the CY7C604A stores it in an available 
TLB entry and translates the corresponding virtual address. The 
table walk processing is implemented 
in the CY7C604A hard- 


ware. It is self-initiated, and is transparent 
to the user. 


Cache Controller 


The cache controller provides cache memory access control for 
a 64-Kbyte direct mapped virtual cache. The cache controller is 
designed to use two CY7C157A cache storage units for the cache 
memory. 
These cache RAMs are 16-Kbyte x 16 SRAMs with 


on-ehip 
address 
and data 
latches 
and timing control. 
The 


CY7C60lA cache can be expanded to a maximum of 256 Kbytes 
by adding 
additional 
groups 
of 
one 
CY7C604A 
and 
two 


CY7CI57As. 
Using multiple CY7C604As to expand the cache is 


referred to as a multichip configuration 
for the CY7C604A, and 


is described in the CY7C604A Multichip Configuration 
section 


in the SPARC RISC User's Manual. 


The cache is organized as 2048 cache lines of 32 bytes each. The 
CY7C604A has 2048 cache tag entries on-chip, one tag entry for 
each cache line. Addressing for the virtual cache is provided di- 
rectly from the virtual address bus. 
The virtual address field 


(VA(15:5» selects one of the 2048 lines of the cache. This address 
field also selects one of the corresponding cache tag entries in the 
CY7C604A. A cache hit occurs when the upper sixteen bits of the 
virtual address and the context register match with the virtual ad- 
dress and context stored in the selected cache tag entry. The low- 
est five bits of the virtual address bus (VA(4:0» select one of the 
32 bytes in the cache line. Cache data replacement is always per- 
formed by replacing cache lines. 


The cache is designed to provide data with every read access as- 
serted on the virtual bus, regardless of the cache controller. 
The 


CY7C604A controls cache read access by holding the CY7C60lA 
if a cache hit is not detected by the cache controller. 
The cache 


controller then reads the new cache line from main memory, and 
supplies the correct data to the CY7C60lA. 
After the correct data 


is latched into the CY7C60lA 
by strobing the MDS signal, the 


CY7C60lA is released and execution proceeds normally. 
Writes to the cache are controlled by the CY7C604A, which de- 
codes the lowest two bits of the virtual address, the SIZE(I:0) sig- 
nal, and checks for a cache hit to enable the correct cache byte 
write enable signals. If a cache write hit occurs, the CY7C604A 
decodes the correct CBWE signals for the write access, and out- 
puts these to the CY7C157 cache RAM write enables. If the cache 
mode is set to write-through 
(see Cache Modes), the write data 


is also written to main memory. 
If a write cache miss occurs for 


write-through 
cache mode, the data is written to main memory 


and the cache is not updated. If the write cache miss occurs during 
copy-back cache mode (see Cache 
Modes), the cache line is 


fetched from main memory. If the cache line stored in the cache 
when the write cache miss occurred has been modified, the old 
cache line is written to main memory before the cache line is re- 
placed by the new data. After the cache line has been replaced, 
the write access is enabled by the CY7C604A. 


Cache Tag 


The CY7C604A features 2048 direct-mapped 
cache tag entries. 


The on-ehip cache tag and the TLB are accessed simultaneously. 
Each entry in the cache consists of 16 bits of virtual address 
(VA(31:16», a 12-bit context number (CXN(ll:O», 
one valid bit 


(V) and one modified bit (M). The valid bit (V) is set or cleared 
to indicate the validity of the cache tag entry. 
The modified bit 


(M)ofa cache tag entry is set during copy-back mode after a write 
access to the cache line. This indicates that the cache line has 
been 
modified. 
The 
modified 
bit 
has 
no 
meaning 
for 


write-through cache mode. The cache line select field (VA(15:5» 
is used to select a cache line entry and its corresponding cache tag 
entry. The address field (VA(31:16» and context register are com- 
pared against the virtual address and the context fields of the se- 
lected cache tag entry. If a match occurs, then a cache hit is gener- 
ated. If a match is not found, then a cache miss is generated. 
To 


complete an access successfully, both the cache tag and the TLB 
must be hit with appropriate access level permission. 
Upon pow- 


er-on reset (POR), all cache tag entries are invalidated (all V bits 
are cleared). 


A supervisor bit (S) is included in the cache tag entry. For cache 
tag entries which are accessible by the supervisor only (access level 
field 6 or 7), the S bit is set. During a cache tag look up, if the ac- 
cess is supervisor mode and the the S bit is set, the context number 
comparison is ignored and the context match is forced. This oper- 
ation is similar to a TLB look up with access level field set to either 
6 or 7. 


Cache Modes 


The virtual cache can be programmed 
for either write-through 


with no write allocate or copy-back with write allocate. The two 
cache modes 
differ in how they treat 
cache write accesses. 
Write-through 
cache mode causes write hits to the cache to be 
written to both cache and main memory. 
Write-through 
write 


cache misses will only update main memory and invalidate the 
cache tag, but will not modify the cache. 


A write access in copy-back mode will modify the cache only. The 
writing of the modified cache line to main memory is deferred un- 
til the cache line is no longer required. 
Copy-back cache mode 


has the advantage of reducing traffic on the system bus. Bus traf- 
fic is reduced since all updates to memory are deferred and are 
perforrned subsequently only as absolutely required. 
In addition, 


all such data transfers are made utilizing the more efficient burst 
mode. 


CY7C604A Registers 


All values in all control registers are read/write (with the excep- 
tion of the implementation 
and version fields of the SCR). Con- 


trol registers are accessible by use of the alternate space load or 
store instructions with ASI = 4. 
Programmer's Note: To ensure software compatibility with future 
versions of the CY7C604A, reserved fields in a register should be 
written as zeros and masked out when read. 


System Control Register (SCR) 


The system control register, as shown in Figure 2, defines the op- 
eration modes for the cache controller and MMU. The following 
describes the functions of the bit fields in the SCR. 


CE. 
Cache-enable 
bit (SCR(8» 
indicates whether 
the virtual 


cache is enabled or not. This bit is set to 1 to enable the cache 
controller. 


CL. 
Cache-lock 
bit (SCR(9» indicates whether the entire cache 


is locked or not. This bit is set to 1 to lock the cache. 


CM. 
Cache-mode 
bit (SCR(lO» indicates whether the cache is 


operating 
under 
write-through 
no 
write 
allocate 
policy or 


copy-back write allocate policy. 
This bit is set to 1 to enable 


copy-back 
cache 
mode. 
Setting 
this 
bit 
to 0 will enable 


write-through 
cache mode. 


C. Cacheable bit (SCR(13» indicates whether the access is cache- 
able or not when the MMU is disabled. 
This bit is set to 1 if ac- 


cesses on the physical bus (with the MMU disabled) are to be con- 
sidered cacheable. 


HM. 
Boot-mode 
bit (SCR(14» indicates the system is in boot 


mode. This bit isset to 1to indicate boot mode and is automatical- 
ly set upon power-on reset. 


MCA(l:O). 
Multichip 
address field (SCR(23:22» provides the ad- 


dress field in multichip configuration. 
For more inforrnation, re- 


fer to the CY7C604A Multichip Configuration 
section in the 


SPARC RISC User's Manual. 


MCM(l:O). 
Multichip 
mask field (SCR(21:20» provides a mask- 


ing facility to mask certain multichip address (MCA) bits in order 
to provide a facility to build systems with a different number of 
CY7C604As (from 1 to 4). 


MY. Multichip configuration 
valid bit (SCR(19» indicates that the 


MCA and MCM fields are valid. 


NF. No-fault bit (SCR(I» prevents supervisor data accesses from 
signaling data faults to the CY7C60lA. 
When the NF bit is set, 


exception-generating 
logic (in both the TLB and the table walk) 


does not indicate supervisor data faults to the CY7C60lA 
(via 


MEXC), but status and address inforrnation 
is recorded in the 


SFSR and SFAR registers as in norrnal data access operations. 
When the NF bit is not set, the CY7C604A reports the supervisor 
data exceptions. 


ME. 
MMU-enable 
bit (SCR(O» indicates whether the MMU is 
enabled or not. This bit is set to 1 to enable the MMU. 


The implementation 
number (SCR(31:28» and the version num- 


ber (SCR(27:24» fields are hardwired; they are read only fields 
and writes to those fields are ignored. 


Implementation 
number field: 0001 
Version number field: 0001 
On power-on reset, all writeable control bits except the BM bit 
are cleared. 
This sets the CY7C604A into the following state: 


cache disabled (CE = 0), cache unlocked (CL = 0), write-through 
mode (CM = 0), non-cacheable (C = 0), boot-mode enabled (BM 
= 1), multichip disabled (MY = 0), no fault disabled (NF = 0), 
and MMU disabled (ME = 0). 


MPL = Specific Implementation 
of the MMU 


VER = Version of Specific Implementation 
(typically mask revision) 


MCA (0:1) = Multichip Address 


MCM (0:1) = Multichip Mask 


MV = Multichip Valid 


8M = Boot Mode 


C = Cacheable (when MMU disabled) 


NF ME 


o 


CM = Cache Mode 


CL = Cache Lock 


CE = Cache Enable 


NF = No Faun 


ME = MMU Enable 


RSV = Reserved 


• 


Context Table Pointer Register (CTPR) 


The context table pointer points to the context table in physical 
memory. The table is indexed by the contents of the context regis- 
ter. The context table pointer appears on bits 35 through 14 of 
the Mhus (MAD(35: 14» during the first fetch of TLB miss pro- 
cessing. Once the root pointer is cached in the PTPC (page table 
pointer cache), no fetching of the root pointer is required until the 
context is changed (see Figure 3). 


CTP = Context Table Pointer 
RSV = Reserved 


Figure 3. Context Table Pointer Register 


Context Register (CXR) 


The context register defines a virtual address space associated 
with the current process. 
The CXR is a twelve bit register that 
supports 4096 contexts. This register is used to define the current 
context for the CY7C604A. Nearly all CY7C604A operations are 
dependent upon matching the value of this register to a cache tag 
entry or TLB entry. 


CXN = Context Number 
RSV= Reserved 


Figure 4. Context Register 


Reset Register (RR) 


The RR register contains information 
regarding whether watch 
dog reset (WDR), software internal reset (SIR), or software exter- 
nal reset (SER) occurred. This is a read/write register, and setting 
the software internal reset bit (SIR) or the software external reset 
(SER) causes the corresponding reset. Upon power-on reset, the 
WDR, SIR, and SER bits in the RR will be cleared. Reading the 
RR will also clear these bits. 


________ 
R_SV 
••~ 


31 
3 
2 
1 
0 


RSV= Reserved 
WDR = Watchdog Reset 
SIR = Software Internal Reset 
SER = Software ExternalReset 


Figure 5. Reset Register 


Root Pointer Register (RPR) 


The RPR is the context-level table page table pointer (PTP) and 
is cached in the page table pointer cache. 


_______ 
R_P 
I 
RSV 


31 
6 
5 
o 
o 


RP = Root Pointer 
RSV = Reserved 
V = Valid 


Figure 6. Root Pointer Register 


On power-on reset, the V bit is cleared. When the current context 
is changed by writing to the context pointer register (CXR), the 
V bit of the RPR is cleared. 
The V bit is also cleared when the 


CTPR register is written. 


Instruction 
access PTP (IPTP) 


The IPTP is the instruction access level 2 table page table pointer 
(PTP) and is part of the page table pointer cache. Upon power-on 
reset, the V bit is cleared. 


_______ 
IP_T_P 
R_S_V 
__ 0 


31 
4 
3 
0 


IPTP = Instruction Access PTP 
RSV= Reserved 
V = Valid 


Figure 7. Instruction 
Access PTP Register 


Data access PTP (DPTP) 


The DPTP is the data access level 2 table page table pointer (PTP) 
and is a register in the page table pointer cache. Upon power-on re- 
set, the V bit is cleared. 


RSV 
~ 


4 
3 
1 
0 


DPTP = Data Access PTP 
RSV= Reserved 
V = Valid 


Figure 8. Data Access PTP Register 


Index Tag Register (ITR) 


The ITR contains the tag (indexl and index2) fields of the IPTP 
and DPTP entries. 


___ 
IT_A_G 
__ 
•...•El 
D_T_AG EJ 


31 
18 
17 
16 
15 
2 
1 
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RSV = Reserved 
ITAG= Instruction Access PTP Tag 
DTAG= Data Access PTP Tag 


TLB Replacement 
Control Register (TRCR) 


The TRCR contains the replacement counter (RC) and initial re- 
placement 
counter 
(IRC) fields as shown in Figure 10. 
These 


fields are used in order to support random replacement 
and to 


support locking capabilities of the TLB. On power-on reset, both 
the RC and IRC fields are initialized to zero. 


____ 
R_S_V 
R_C__ 
~ 
IRC 
I 


31 
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5 
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RSV = Reserved 


RC = Replacement Counter 


IRC = Initial Replacement Counter 


Figure 10. TLB Replacement 
Control Register 


Synchronous 
Fault Status Register (SFSR) 


The synchronous fault status register, illustrated in Figure 11, con- 
tains fault-associated 
information 
for synchronous 
faults. 
Syn- 


chronous faults are faults that occur during an integer unit access 
of memory. Synchronous faults include almost all possible faults 
for the CY7C604A. This type of fault issynchronous to the opera- 
tions of the CY7C60lA. 
For the CY7C604A, this fault type covers 


all cases except those caused by delayed writes of data stored in 
the write buffers. These faults are asynchronous to the operation 
of the CY7C60lA, 
and are named asynchronous faults. 


An example of a synchronous 
fault is a privilege violation fault 


caused by attempting an unauthorized 
memory access. Upon en- 


countering 
a synchronous 
fault, the CY7C604A 
asserts the 


MEXC signal, along with MHOLD 
and MDS.~hronous 


faults are the only exception type that assert the MEXC signal. 


The CBT bit indicates that a translation error occurred during a 
table walk for the flush of a modified cache line of a copy-back 
mode cache miss. 
The SFAR will contain the address of the 


missed cache access, not the modified cache line address causing 
the translation error. 
When this type of error occurs, the cache 


tag remains valid, and the cache line remains modified. 


The uncorrectable 
error (UE), timeout error (TO), and bus error 


bits ~rt 
error status as encoded in the MERR, MRTY, 
and MRDY signals. (Refer to the section on Mhus for further in- 
formation.) 
The level bits (L) describe the level in a table walk 


process at which the fault occurred (if applicable). 


RSV = Reserved 


UC = Uncorrectable 
Error 


TO = TIme Out Error 


BE = Bus Error 


CBT = Copy-back Translation Error 


L 
Level 


AT = Access Type 


FT = FaultType 


FV = Fault Address Valid 


OW = Over Write 


Figure 11. Synchronous 
Fault Status Register 


The access type bits (AT(2:0» describes the access type that 
caused the fault. This field specifies user/supervisor 
access and 


whether the access is load or store of data or instruction. 
The 
fault type bits (FT) describe the fault type. The fault address valid 
bit is set when the address in the synchronous fault address regis- 


ter (SFAR) is a valid fault address. The over-write bit (OW) is sel 
in the case of a double fault where the fault status stored in the 
SFSR does not correspond with the fault first trapped on by the 
CY7C60lA. 


Synchronous 
Fault Address Register (SFAR) 


The synchronous fault address register contains the faulted virtual 
address. 


__________ 
S_FA 
, 


31 
0 


SFA = Synchronous 
Faun Address 


Figure 12. Synchronous 
Falut Address Registers 


Asynchronous 
Fault Status Register (AFSR) 


Asynchronous faults are those faults caused by a delayed memory 
access initiated by the CY7C604A. This type of error can only be 
caused by a delayed write to main memory initiated by the write 
buffer. 
Asynchronous 
faults cause the CMER signal to be as- 


serted, which can be used as an interrupt 
to the CY7C60lA. 


The UC, TO, and BE bits are identical to those in the SFSR. 
They 
are se.!....QL!!le information 
encoded 
into the MERR, 


MRTY, and MRDY signals of the Mhus. The asynchronous fault 
address bits provide the upper four bits of the physical address nOI 
captured 
in the asynchronous 
fault address 
register (AFAR), 


which is a thirty-two bit register. 


RSV 
~ 
AFA(35:32) 
~ 


31 
13 12 
11 
109 
87 
4 
3 
1 
0 • 


RSV = Reserved 


UC = Uncorrectable 
Error 


TO = TIme Out Error 


BE = Bus Error 


AFA = Asynchronous 
Faun Address 


AFO = Asynchronous 
Fault 
Occurred 


Figure 13. Asynchronous 
Falut Status Register 


The asynchronous fault occurred bit (AFO)is set when an asynch- 
ronous fault is encountered. 
Once the asynchronous 
fault oc- 


curred (AFO) bit is set, no further asynchronous 
faults are re- 
corded until the AFO bit is cleared, which is accomplished by 
reading the asynchronous 
fault address register (see Figure 13). 


On power-on reset, the UC, TO, BE, and AFO bits in the AFSR 
will be cleared. Reading the AFSR will also clear these bits. 


Asynchronous 
Fault Address Register (AFAR) 


The AFAR contains bits 31 - 0 of the physical address for a 
asynchronous faults (bus errors). 
Asynchronous 
faults can occur 


during delayed write accesses or during background 
cache line 


flush operations in copy-back mode (see Figure 14). The address 
in the AFAR is concatenated with the four AFA bits in the AFSR 
to define the entire 36-bit physical address. 
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Figure 15. CY7C604A Pin Configuration 


Pin Definitions 


The 
functional 
pinout 
is shown in Figure 15. 
Note that all 
three-state output signals are driven to their inactive state before 
they are released to three-state. 


I/O 
Description 


Virtual Address bus. 
A(31:16) 
are input sig- 


nals during normal readlwrite 
accesses 
and 


are latched into the CY7C604A 
on the ris- 


ing edge of clock. 


110 
Virtual Address bus. 
Three-state 
input/out- 
put signals. 
A(15:2) are input signals during 
normal readlwrite accesses and are latched 
into the CY7C604A 
on the rising edge of 
the clock. 
They are output 
signals during 
cache line loads into the cache RAM and 
modified cache-line 
reads from the cache 
RAM. 


Virtual Address bus. 
A(I:0) 
are input sig- 


nals during normal readlwrite 
accesses 
and 
are latched on the rising edge of clock. 


Address Space Identifiers. 
The ASI bits are 
used to: 
1. Identify various types of accesses (user/ 
supervisor, instruction/data) 
2. Access CY7C604A 
registers 
3. Initiate 
MMU flush/probe 
operation 
4. Identify cache flush operations 
5. Recognize diagnostic operations 
6. Recognize 
pass physical address space 


I/O 
Description 


110 
Virtual Data bus. 
Three-state 
input/output 
signals. 
D(31:0) are input signals during 


CY7C601A 
normal write accesses, modified 


cache-line reads from the cache RAM, 
CY7C604A 
register writes or CY7C604A 


diagnostic accesses. 
They arc output signals 


during cache line loads into cache RAM, 
CY7C604A 
register reads or CY7C604A 


diagnostic accesses. 


Error (active LDW) signal from the 
CY7C601A. 
When this signal is asserted, 
it 
indicates the CY7C601A 
has halted due to 


entering 
the error state. 
The CY7C604A 


reads this signal and initiates a watchdog 
re- 
set. 


Floating point unit NULLification 
cycle (ac- 


tive HIGH). 
When FNULL 
is active, the 


current access will be ignored. 


Integer 
unit NULLification 
cycle (active 


HIGH). 
When INULL 
is active, the current 
access will be ignored. 
o 
Integer 
unit Output 
Enable (active LDW). 


This signal is continually 
driven~ 
or low. 
This signal is connected 
to the AOE and 


DOE inputs of the CY7C601A. 
When as- 


serted, 
the IOE will place the address 


(A(31:0», 
address space identifiers 
(ASI(7:0)), 
and data (D(31:0» 
drivers of the 
CY7C601A 
in a three-state 
condition. 


o 
Integer 
unit Reset (active LDW) is asserted 


to reset integer unit. This signal is continu- 
ally driven high or low. 


Load Store Atomic operation 
indicator 
(ac- 


tive HIGH). 
Asserted 
by the CY7C601A 


during atomic load store cycles and is 
sampled by the CY7C604A 
on the rising 


edge of the clock. 
o 
Memory Data Strobe (active LDW) is as- 
serted for one clock to strobe data into the 
CY7C601A 
durin~che 
miss. MHOLD 


must be low when MDS is asserted. 
It is 


driven off of the falling edge of the clock. 
This is a three-state output. 


o 
Memory Exception 
(active LDW) is asserted 
for one clock whenever a I'rivilege or protec- 
tion violation 
is detected. 
MHOLD 
and 


MDS must be low when MEXC is asserted. 
This is a three-state 
output. 


o 
Memory Hold (active LDW) is asserted by 
the CY7C604A 
whenever 
it requires 
addi- 
tional 
time to complete 
the current 
access 


such as during cache miss etc. 
It is driven 
off of the falling edge of the clock. 


Signal 
Signal 
Name 
I/O 
Description 
Name 
I/O 
Description 


RD 
Read cycle indicator 
(active HIGH). 
As- 
MAD(45) 
(MBL) Mbus Boot ModelLocal 
serted by the CY7C601A 
during read cycles. 
indicator. 
MBL is high during the address 


Is sampled by the CY7C604A 
on the rising 
phase of boot mode transactions. 
The in- 
edge of the clock. 
This signal is also used to 
struction 
fetch and data accesses to the 


generate 
cache output 
enable (CROE). 
Mbus while the MMU is disabled in boot 
mode are considered 
B<X>T MODE 
transac- 
SIZE(1:0) 
SIZE of access indicator. 
Specifies the data 
tions. The data transactions 
on the Mbus 


width of the CY7C601A 
access and is 
required 
for LoadlStore 
Alternate 
instruc- 
sampled by the CY7C604A 
at the rising 
tions with ASI = 1 are considered 
LOCAL 


edge of the clock. 
transactions. 


SNULL 
System NUllification 
cycle (active LOW). 
MAD(63:46) 
Reserved 
during address phase 


When SNULL 
is active, the current 
access 
(Driven high). 
will be ignored. 


WE 
Write Enable to indicate write cycle (active 
During the data phase of the transaction 
the 


MAD{63:0) 
lines contain the 64 bits of data 


LOW). 
Asserted 
by the CY7C601A 
during 
being transferred. 
write cycles and is sampled by the 
MAS 
CY7C604A 
on the rising edge of the clock. 
0 
Mbus Address Strobe (active LOW). 
As- 
This signal is also used to generate 
cache 
serted by the bus master during the first 
byte write enables (CBWE(3:0)). 
cycle of every bus transaction 
to indicate the 


Mbus Signals 
address phase of that transaction. 
This is a 


three-state 
output. 


Signal 
MBB 
I/O 
Mbus Bus Busy (active LOW). 
Asserted 
by 


Name 
I/O 
Description 
the current 
Mhus master during an entire 
transaction 
and, if required, 
during both the 


CMER 
0 
CMU Error 
(active LOW). 
This signal is 
read and write transactions 
of indivisible ac- 
asserted 
if any bus error has occurred 
during 
cesses. The potential 
bus master devices sam- 
writes to main memory. 
A system can use 
pie MBB in order 
to obtain bus mastership 
this signal to cause an interrupt. 
This signal 
as soon as the current 
master releases the • 


has the same timing specifications 
as the 
bus. 
This is a three-state 
output. 


Mbus control 
signals and remains asserted 
MBG 
Mbus Bus Grant (active LOW). 
Asserted 
by 
until the AFAR is read. This signal is a 
three-state 
signal. 
external arbiter when the Mbus is granted 
to 


a master. 
This signal is continually 
driven. 


MAD 
I/O 
Mbus Address and Data (three-stated 
bus). 
(63:0) 
During the address phase of a transaction 
MBR 
0 
Mbus Bus Request 
(active LOW). 
Asserted 
MAD(35:0) 
contains the physical address 
by potential 
Mbus master devices to acquire 


PA(35:0). The remaining 
signals 
bus mastership. 
This signal is continually 
MAD(63:36) 
during the address phase of the 
driven. 
transaction 
contains 
the transaction 
asso- 
MERR 
Mbus Error (active LOW). 
Asserted 
or de- 
ciated information 
as shown below: 
asserted by an Mbus slave during every data 


MAD<39'361 
TransactioQ 
1)r.pe 
phase of a transaction. 
This signal is to be 


OH 
Mbuswrite 
three-stated 
when released. 
1H 
Mbus read 
MRDY 
2-FH 
Reserved 
Mbus Ready (active LOW). 
Asserted 
or de- 
asserted by an Mbus slave during every data 


MAD(4NO\ 
Transaction 
Sin: 
phase of a transaction. 
This signal is to be 


0 
Byte (8 bits) 
three-stated 
when released. 


1 
Hallword 
(16 bits) 
MRST 
2 
Word (32 bits) 
0 
Mbus Reset (active LOW). 
Asserted 
for 


3 
Doubleword 
(64bits) 
1024 clock cycles by only one source on the 


4 
16 Bytes· 
Mbus to initialize all devices on the Mbus. 


5 
32 Bytes 
This signal is continually 
driven. 


6 
64 Bytes· 
MRTY 
Mbus Retry (active LOW). 
Asserted 
or de- 
7 
128 Bytes· 
asserted by an Mbus slave during every data 
• Not supported 
by the CY7C604A. 
phase of a transaction. 
This signal is to be 


MAD(43) 
(MC) Mbus Cacheable 
(active 
three-stated 
when released. 


HIGH). 
Indicates 
the current 
Mbus transac- 
tion is cacheable. 


Mbus Signals 
(continued) 


I/O 
Description 


MERR 
MRDY 
MRTY 
Action 


H 
H 
H 
Nothing 
H 
H 
L 
Relinquish 
and Retry 
H 
L 
H 
Data 
Strobe 
H 
L 
L 
Reserved 
L 
H 
H 
Bus Error 
L 
H 
L 
Time Out 
L 
L 
H 
Uncorrect- 
able Error 
L 
L 
L 
Retry 


Power-On 
Reset (active LOW). 
The POR 
initializes the necessary on-chip logic to a 
known state, invalidates all the TLB entries, 
and all cache tag entries. It must be asserted 
for a minimum of 8 clocks. 
It also causes 
the CY7C604A 
to assert IRST to reset the 
CY7C601A. 


Cache Storage 
Unit Signals 


I/O 
Description 


o 
Cache Byte Write Enables (active LOW). 
During normal write operations. 
certain byte 


enable signals are asserted depending 
upon 
the size and A(l:O) inputs. 
During a cache 


line load all four byte enable signals are as- 
serted. 
These signals can also be driven by 
using a store alternate 
instruction 
with ASI 
= F H. This feature 
is supported 
for diag- 
nostic purposes. 
This outl'ut 
is continually 
driven (not three-stated). 
CBWEO controls 
the most significant byte (MSB) and CBWEJ 
controls 
the least significant byte (LSB). 
o 
Cache RAM Output 
Enable (active LOW). 


Asserted 
during normal read operations 
with 
ASI = 8, 9, A, B and during modified cache 
line read operations. 
This signal is also as- 


serted during cache data read operations 
with ASI = F for diagnostic 
purposes. 
This 
signal is continually 
driven. 


Signal 
Name 


CLK 


Description 


System Clock. 
This is the same clock used 


by the 7C601A 
integer unit. 


Chip Select (active LOW). 
In multi-CMU 


systems, CSEL on each CY7C604A 
is con- 


nected to different 
address lines (anyone 


from A(31:16)) 
to initialize the multichip 


configuration. 
In single-CMU 
systems, 


CSEL should be connected 
to ground 
in or- 
der to permanently 
enable the CY7C604A. 


In multi-CMU 
systems, CSEL should be 


connected 
to ground 
or VCC through a re- 
sistor during Power-On 
Reset. This is re- 


quired 
in order to enable only one boot 


modeCMU. 
o 
Cache Status. 
This pin provides the status of 


cache. 
In write-through, 
the CSTA indicates 


whether 
the write transaction 
on the Mbus 


has cache hit or not. For read transaction 
on 


the Mbus in either write-through 
or 


copy-back 
mode, the CSTA indicates wheth- 
er it is replacing a valid cache line entry or 
not. 


This signal has the same timing specifications 
as the Mbus signals such as MC and has 
meaning only in the address phase of Mbus 
transactions. 
This signal is continually 
driven 


HIGH 
or LOW. 


CACHE 
CSTA 
CONDITION 


MODE 


Writc- 
1 
read and valid cache line 


through 
renlacement 


0 
read and invalid cache line 
reolacement 


1 
write and cache hit 


0 
write and cache miss 


Copy- 
1 
read and valid cache line 


back 
replacement 


0 
read and invalid cache line 
replacement 


undef. 
write 


Test Output 
Enable (active LOW). 
This sig- 
nal is used (when high) to three-state 
all out- 
put drivers of the CY7C604A. 
TOE 


SHOUW 
BE TIED 
LOW DURING 
NOR- 


MAL OPERATION. 
It is used to isolate the 


CY7C604A 
from the rest of the system for 


debugging 
purposes. 
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Features 


• 
Multiprocessing 
support 
• 
Pin-compatible 
with CY7C604A 
• 
Cacbe coherency protocol modeled 
after IEEE Futurebus 
• 
Separate virtual and physical cache 
tag memories 
- 
Each cache tag memory holds 
2048 cache entries 
- Allows concurrent 
bus snooping 
without stalling processor 


• 
Large address space support 
- 
32-bit virtual address 
- 
36-bit physical address 


• 
32-byte cache line size 
• 
Byte write generation 
• 
Write-through 
and copy-back cache 
policies 
• 
32-byte read line buffer 
• 
32-byte copy-back write line buffer 


• 
32-byte write-through 
buffer 
• 
Fully conforms to SPARC Reference 
Mbus Level-2 specification 


Cache Controller and 


Memory Management 
Unit 


Description 


The CY7C605A is a combined cache con- 
troller and memory management 
unit op- 


timized for multiprocessing systems. It is 
a high-speed 
CMOS implementation 
of 
the SPARC® reference memory manage- 
ment architecture, combined with a cache 
memory controller and on-chip virtual and 
physical 
cache 
tag 
memories. 
The 
CY7C605A 
supports 
the SPARC refer- 
ence Mhus level-2 protocol for multipro- 
cessing systems. 


The CY7C605A is a functional superset of 
the CY7C604A, and is pin-compatible 
to 


the CY7C604A. 
The CY7C605A directly 
connects to the CY7C60lA 
integer unit 


microprocessor 
and 
CY7C157A 
cache 
storage unit without any external circuitry. 
When 
combined 
with 
two CY7C157A 
16-Kbyte x 16 cache storage 
units, the 
CY7C605A 
forms 
a 
complete, 
no 


wait-state, 64-Kbyte direct-mapped 
virtual 
cache system. 


• 
Fully conforms to the SPARC refer- 
ence Memory Management 
Unit 


(MMU) architecture 
• 
On-chip Translation 
Lookaside 
Buffer (TLB) 
- 64 fully associative entries 
- 
Multilevel TLB flush 


- 
TLB probe support 


- 
Lockable entries 


- 
Random TLB replacement 
- 
Supports multilevel address map- 
ping (4-Kbyte, 256-Kbyte, 
16-Mbyte, and 4-Gbyte) 


• 
Supports context switChing 
- 
4096 contexts for TLB entries 


- 
4096 contexts for cache tag 


• 
Page-level memory access protection 
- 
Read/write/execute 
- 
User/supervisor 
modes 


• 
Hardware table walk 
• 
0.8-micron CMOS technology 
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Functional 
Description 


The 
CY7C605A 
represents 
the 
evolution 
of 
the 
Cypress 


CY7C600 
family 
into 
the 
realm 
of 
multiprocessing. 
The 


CY7C605A is a combined memory management unit (MMU) and 
cache controller with on-chip cache tag memory. 
A superset of 
the CY7C604A, the CY7C605A is designed to support the re- 
quirements of multiprocessing systems. The CY7C605A provides 
two separate cache tag memories as compared to the single cache 
tag memory used on the CY7C604A. 
The second cache tag 
memory 
allows concurrent 
bus snooping 
without stalling the 


CY7C601A. This allows the CY7C605A to maintain cache coher- 
ency with other cache systems without degrading CPU perform- 
ance. The CY7C605A supports the Mbus cache coherency proto- 
col, which is modeled after the acclaimed IEEE Futurebus. 
The 
CY7C605A is pin-compatible 
with the CY7C604A. 
This allows 
a CY7C604A-based CPU to be used in a multiprocessor system 
by substituting the CY7C605A. 


The CY7C605A is designed 
as part of a system solution for 
high-performance 
multiprocessor 
computing using the Cypress 


SPARC chip set. This chip set consists of the CY7C60lA integer 
unit, the CY7C602A floating-point 
unit, the CY7C605A CMU, 


and two CY7C157A cache RAMs. The Cypress SPARC chip set 
comprises a five chip, high-performance 
CPU requiring no addi- 
tional glue logic. As part of this chip set, the CY7C605A provides 
support for large addressing spaces with virtual to physical address 
translation, and provides control for a 64-Kbyte virtual cache. As 
part of a multiprocessor 
system, the CY7C605A automatically 
maintains cache coherency with other multiprocessor CPUs shar- 
ing a common memory system. 


The MMU portion of the CY7C605A provides translation from 
a 32-bit virtual address range (4 gigabytes) to a 36-bit physical ad- 
dress (64 gigabytes), as provided in the SPARC reference MMU 
specification. 
Virtual address translation is further extended with 
the use of a context register, which is used to identify up to 4096 
contexts or tasks. The cache tag entries and TLB entries contain 
context numbers to identify tasks or processes. 
This minimizes 
unnecessary cache tag and TLB entry replacement 
during task 
switching. 


The MMU features a 64-entry translation lookaside buffer (TLB). 
The TLB acts as a cache for address mapping entries used by the 
MMU to map a virtual address to a physical address. These map- 
pmg entnes, referred to as page table entries or PTEs, allow one 
of four levels of address mapping. 
A PTE can be defined as the 


address mapping for a single 4-Kbyte page, a 256-Kbyte region, 
a 16-Mbyte region, or a 4-Gbyte region. 
The TLB entries are 
lockable, allowing important TLB entries to be excluded from re- 
placement. 


The MMU performs its address translation task by comparing a 
virtual address supplied by the CY7C60lA (integer unit) to the ad- 
dress tags in the TLB entries. If the virtual address and the value 
of the context register match a valid TLB entry, a TLB "hit" oc- 
curs. When this occurs, the physical address stored in the TLB 
is used to translate the virtual address to a physical address. The 
access type (read/write of data or instruction) and privilege level 
(user/supervisor) are checked during translation. 
If a TLB hit oc- 


curs but access level protection 
is violated, the MMU signals an 


exception and the operation ends. 


If the virtual address or context does not match any valid TLB 
entry, a TLB "miss" occurs. This causes a table walk to be per- 
formed by the MMU. 
The table walk is a search performed by 
the MMU through the address translation tables stored in main 
memory. The MMU searches through several levels of tables for 
the PTE corresponding 
to the virtual address. Upon finding the 


PTE, the MMU translates the address and selects a TLB entry for 
replacement, 
where it then stores the PTE. 


The 64-Kbyte virtual cache is organized into 2048 lines of 32 bytes 
each. The term "virtual cache" refers to the direct addressing of 
the cache by the integerunit(CY7C60lA)with 
the virtual address 


bus. Virtual address bits (VA(15:5» select the cache line, and vir- 
tual address bits (VA(4:2» select the 32-bit word of the cache line, 
as illustrated in Figure 1. The cache line selected by (VA(15:5» 
is associated with a cache tag entry for that cache line. 
The 


CY7C605A provides access control for the cache by checking the 
context and virtual address against the cache tag for the selected 
cache line. If the virtual address, access level, and context match 
the validated cache tag for the cache line addressed, a cache hit 
occurs and the access is enabled. 
If the virtual address or context 


do not match the cache tag, or if the cache tag entry has been in- 
validated, a cache miss occurs and the cache controller accesses 
main memory for the required data. 
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Figure 1. Virtual 64-Kbyte Cache 


The 
cache 
controller 
supports 
two 
modes 
of 
caching: 


write-through with no write allocate and copy-back with write al- 
locate. The difference between the two caching modes is in how 
they handle write accesses to the cache. 
Write-through 
mode 


causes write accesses to the cache to be wrillen through to both 
cache and main memory upon each write access. 
Copy-back 


cache mode causes write accesses to be wrillen to the cache only, 
which causes the caches lines to become modified with respect to 
main memory. 
Modified cache lines are automatically 
written 


back to main memory only when the cache line is no longer needed. 


Write-through has the disadvantage that each write to the cache 
increases traffic on the system bus. This disadvantage becomes 
of increasing 
importance 
as multiple 
processors 
contend 
for 


memory bus bandwidth. 
Write-through also has the disadvantage 


that the processor is delayed by the time required to arbitrate the 
system bus and write the data to main memory. 
However, in the 


case of the CY7C605A, this disadvantage is largely offset by the 
inclusion of write buffers. The write buffers can store up to four 
double-word accesses, allowing the CY7C60lA 
to continue ex- 


ecution while data is wrillen to main memory. 


Copy-back caching has long been recognized as providing higher 
system performance 
than write-through. Blocks of write accesses 


(typically occurring in context switching or data intensive opera- 


tions) cause a write-through 
cache system to stall the processor 


even with the inclusion of write buffers. 
This is a problem in- 


herent with write-through 
that is avoided by copy-back caching 


mode. 
However, copy-back caching in multiprocessing systems 


introduces the issue of data consistency. 
Since copy-back holds 
modified data until the processor no longer requires the data, 
main memory becomes 
inconsistent 
with the contents 
of the 


cache. 


Cache coherency protocols have been established to deal with the 
data consistency problem, but many cache designs have avoided 
copy-back caching due to the complexity of implementing the pro- 
tocol. The CY7C605A solves the problems of supporting cache 
consistency protocols and provides the multiprocessor 
designer 


with the performance 
of a true copy-back cache system 
The 
CY7C605A supports a cache coherency protocol modeled after 
the IEEE Futurebus, which has been acclaimed in the industry as 
a superior 
cache 
protocol. 
To support 
this protocol, 
the 
CY7C605A utilizes a dual cache tag memory to allow concurrent 
bus snooping. This enables the CY7C605A to monitor all bus ac- 
tivity without stalling the processor. The CY7C605A uses the bus 
activity information 
to maintain cache coherency, which it does 


automatically 
as a concurrent 
task without interfering with the 
cache operations 
for the processor. 
Therefore, 
the CY7C605A 
provides a multiprocessing 
system that allows a maximum per- 


formance copy-back cache without the problems of supporting a 
cache coherency protocol. 


A 32-byte write buffer and a 32·byte read buffer are provided in 
the CY7C605A to fully buffer the transfer of a cache line. This 
feature is used in copy-back cache mode to allow the CY7C605A 
to simultaneously 
read a cache line from main memory as it is 
flushing a modified cache line from the cache. This feature is also 
used in write-through 
cache mode for write accesses to main 


memory. 
The write buffer avoids stalling the CY7C60lA 
on 


writes to main memory by storing the write data until the physical 
bus becomes available. 
The write buffer then writes the data to 
memory as a background task. 


The CY7C605A supports the SPARC Mbus standard bus inter- 
face. The Mbus is a peer level, high-speed, 64-bit, multiplexed ad- 
dress and data bus that supports a full peer level protocol (i.e., 
multiple bus masters). 
The Mbus transfers data in transaction 


sizes from 1 to 128 bytes. These data transfers are performed in 
either burst or non-burst mode, depending upon size. Data trans- 
actions larger than eight bytes (one doubleword) are transferred 
in burst mode, which consists of an address phase followed by 
multiple data phases. 
Non-burst transactions 
consist of an ad- 


drcss phase followed by one data phase, and are used for data 
transactions less than eight bytes. Bus mastership is granted and 
controlled by an external bus arbiter. 
The bus arbiter sets bus 


priorities, and grants access to a bus master. 


Mbus is divided into two levels of implementation: 
levelland 


level 2. Level I, implemented 
on the CY7C604A, is the unipro- 


cessor version of Mbus. Levell 
is a subset of level 2, which is the 


multiprocessor version of Mbus. The CY7C605A supports level 2 
Mbus. Level 2 Mbus includes the IEEE Futurebus cache coher- 
ency protocol, which has been recognized in the industry as a su- 
perior method of supporting multiprocessing systems. 


The level 2 Mbus supports direct data intervention, which allows a 
cache system with the up-to-date version of a cache line to directly 
supply the data to another cache system without having to first up- 


date main memory. 
Direct data intervention 
provides a signifi- 


cant performance 
improvement 
over systems which do not sup- 


port this feature. In addition, the CY7C605A provides support for 
memory systems with reflective memory controllers. 
A memory 


system with reflective memory control can recognize a cache to 
cache data transaction and automatically update itself without de- 
laying the system. Secondary cache controllers are also supported 
by the CY7C605A, which provide a performance 
advantage over 


systems directly using main memory. 


Memory Management 
Unit 


The MMU provides virtual to physical address translation 
with 


the use of an on-chip translation 
lookaside buffer (TLB). 
The 


translation lookaside buffer is in reality a full address translation 
cache (ATe) for address translation entries stored from tables in 
main memory. These entries, referred to as page table entries or 
PTEs, contain the mapping information 
used by the MMU to 


translate the virtual addresses. Addresses presented to the MMU 
for translation are compared against the set of PTEs stored in the 
TLB. All entries in the TLB are simultaneously accessed through 
the use of advanced content addressable memory (CAM) technol- 
ogy. If a match for the virtual address and context is found in a 
valid TLB entry and the access protection 
is not violated, a TLB 


hit occurs and the address istranslated. A virtual address and con- 
text that matches a valid TLB entry but violates the memory ac- 
cess protections will cause the CY7C605A to generate a memory 
exception to the CY7C60lA. 
If the TLB entries do not match the 
address and context, or the TLB entry is invalid, then a TLB miss 
occurs. The MMU responds to the TLB miss by initiating a table 
walk to find the correct PTE stored in main memory for the virtual 
address. 


The MMU uses a tree-structured 
table walk algorithm 
to find 


page table entries not found in the TLB. 
The table walk is a 
search through a series of tables in main memory for the PTE cor- 
responding to a virtual address. 
The table walk uses a series of 


four tables. These tables are: the context table, the level 1 table, 
the level 2 table, and the level 3 table. 
The table walk uses the 


context pointer register as a base register and the context number 
as a offset to point to an entry in the context table. At any address, 
the MMU finds either a PTE, which terminates 
its search, or a 


page table pointer (pTP). A PTP is a pointer used in conjunction 
with a field in the virtual address to select an entry in the next level 
of tables. 
The table walk continues searching through levels of 


tables as long as PTPs are found pointing to the next table. The 
table walk terminates when a PTE is found, or an exception isgen- 
erated if a PTE is not found after accessing the level 3 table. An 
exception is also generated if the table walk finds an invalid or re- 
served entry in the page tables. 


Upon finding the PTE, the CY7C605A stores it in an available 
TLB entry and translates the corresponding 
virtual address. The 


table- walk processing is implemented 
in the CY7C605A hard- 


ware. It is self-initiated, and is transparent 
to the user. 


The cache controller provides cache memory access control for 
a 64-Kbyte direct-mapped virtual cache. The cache controller per- 
forms this task by comparing memory accesses against the address 
and status entries in a cache tag memory. 
The CY7C605A pro- 


vides two separate 
cache tag memories for access comparison. 


Cache memory accesses from the processor are compared against 
the processor virtual cache tag (pVTAG) memory. Bus snooping 
operations 
are compared 
against the Mbus physical cache tag 
(MPTAG) memory. 
The use of two cache tag memories allows 


• 


rently with bus snooping cache tag ~~~~s~~.-·Thj~f~;t-;;r;~f-ihe 
CY7C605A provides significant performance 
improvements over 


cache systems sharing a single cache tag memory between the pro- 
cessor cache access and the bus snooping operations. Single cache 
tag systems typically must stall the processor when a bus snooping 
operation is required, causing serious performance 
degradation. 


The cache controller 
is designed to use two CY7C157A cache 


storage units for the cache memory. 
These cache RAMs are 
16-Kbyte x 16 SRAMs with on-chip address and data latches and 
timing control. 
TwoCY7C157As 
andoneCY7C605A 
comprise 


an entire 64-Kbyte cache system with physical bus interface and 
read and write buffers. 


The cache is organized as 2048 cache lines of 32 bytes each. The 
CY7C605A has 2048 cache tag entries in both the PVTAG and 
MPTAG, one entry in each cache tag memory per cache line. Ad- 
dressing for the virtual cache is provided directly from the virtual 
address bus. The virtual address field (VA(15:5» selects one of 
the 2048 lines of the cache. 
This address field also selects the 


cache tag entry in the PVTAG dedicated to the selected cache 
line. A cache hit occurs when the upper sixteen bits of the virtual 
address and the context register match with the virtual address 
and context stored in the selected cache tag entry in PVTAG. The 
lowest five bits of the virtual address bus (VA(4:0» select one of 
the 32 bytes in the cache line. Cache data replacement 
is always 


performed by replacing cache lines. 


The cache is designed to provide data with every read access as- 
serted on the virtual bus, regardless of the cache controller. 
The 


CY7C605A controls cache read access by halting the CY7C601 
if a cache hit is not detected by the cache controller. 
The cache 


controller then reads the new cache line from main mcmory, and 
supplies the correct data to the CY7C601A. After the correct data 
is latched into the CY7C60lA 
by strobing the MDS signal, the 


CY7C60lA is released and execution proceeds normally. 
Writes to the cache are controlled by the CY7C605A, which de- 
codes the lowest two bits of the virtual address, the SIZE(1:0) sig- 
nal, and checks for a cache hit to enable the correct cache byte 
write enable signals. If a cache write hit occurs, the CY7C605A 
decodes the correct CBWE signals for the write access, and out- 
puts these to the CY7C157 cache RAM write enables. If the cache 
mode is set to write-through 
(see Cache Modes), the write data 
is also written to main memory. 
If a write cache miss occurs for 


write-through 
cache mode, the data is written to main memory 


and the cache is not updated. If the write cache miss occurs during 
copy-back cache mode (see Cache Modes), the cache line is 
fetched from main memory. 
If the cache line stored in the cache 


when the write cache miss occurred has been modified, the old 
cache line is written to main memory before the cache line is re- 
placed by the new data. After the cache line has been replaced, 
the write access is enabled by the CY7C605A. 
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The CY7C605A features two separate cache tag arrays: the pro- 
cessor virtual cache tag memory (pVTAG) and the Mbus physical 
cache tag memory (MPTAG). 
Cache controllers using only one 


cache tag array must delay the processor when bus snooping re- 
quires access to the cache tags. The inclusion of two independent 
cache tag memories allows the CY7C605A to support processor 
accesses to cache while simultaneously performing bus snooping 
on the Mbus. 


Cache Modes 


The cache can be programmed 
for either write-through 
with no 


write allocate or ropy-back with write allocate. 
The two cache 


modes 
differ 
in 
how 
they 
treat 
cache 
write 
accesses. 


Write-through 
cache mode causes write hits to the cache to be 


written to both cache and main memory. 
Write-through 
write 


cache misses will only update main memory and will not modify 
the cache. 
A write access in copy-back mode will modify the cache only. The 
writing of the modified cache line to main memory is deferred un- 
til the cache line is no longer requircd. 
Copy-back cache mode 


has the advantage of reducing traffic on the system bus. Bus traf- 
fic is reduced since all updates to memory are deferred and are 
subsequently performed only as absolutely required. 
In addition, 


all such data transfers are made utilizing the more efficient burst 
mode. 
The following describes the two cache modes in detail. 


Write-through 
mode with no Write Allocate 


For write-through cache mode, write access cache hits cause both 
the cache and main memory to be updated simultaneously. 
A 


write access cache miss causes only main memory to be updated 
(no write allocate). 
Write-through 
caching mode normally re- 
quires a processor to delay during a write miss while the data is 
written to main memory. The CY7C605A provides write buffers 
to prevent this delay in most cases. The write buffers store the 
write access and write the data to main memory as a background 
task. 


During read access cache hits, the cached data is read out and 
supplied to the CY7C60lA. 
In the case of a read access cache 


miss, a cache line is fetched from main memory to load into the 
cache and the required data is supplied to the CY7C601A. 


Copy-back mode with Write Allocate 


When the cache is configured for copy-back mode, only the cache 
is updated on write access cache hits (i.e., main memory is not up- 
dated). The modified bit of the cache tag for the cache line is set 
on a copy-back write access (write hit or after a write miss is cor- 
rected). 
During write access cache misses, if the selected cache 


line is clean (not modified), a cache line is fetched from main 
memory to load into the cache and only the cache is updated. 
If 


the selected cache line is modified, the selected cache line is 
flushed 
out 
to 
update 
main 
memory. 
The 
CY7C605A 


simultaneously fetches the new cache line from main memory and 
stores it into the read buffer as it flushes the modified cache line 
from the cache and stores it into its write buffer. After the modi- 
fied cache line has been flushed, the CY7C605A writes the modi- 
fied cache line out of its write buffer into main memory while the 
new cache line is stored into the cache memory from the read 
buffer. 


During read access cache hits, the cached data is read out and 
supplied to the CY7C601A. 
During read access cache misses, if 


the selected eache line is clean (not modified), a cache line is 
fetched from main memory to load into the cache. If the selected 


cache line is modified, the selected cache line is flushed out to the 
CY7C605A write buffer, and a new cache line is fetched from 
main memory and stored into the read buffer. The new cache line 
is then stored in the cache from the read buffer, while the modi- 
fied cache line stored in the write buffer is written out to main 
memory. 


Multiprocessing 
Support 


The CY7C605A is specifically designed to support multiproces- 
sing systems. The CY7C605A accomplishes this by providing fea- 
tures necessary to maintain cache coherency with a second-level 
memory system (typically main memory or a secondary cache) 
and other caChing systems on the shared bus. 
The CY7C605A supports two modes of caching: write-through 
and copy-back. 
Write-through 
caching mode modifies main 


memory with each write access to the cache. This avoids the issue 
of lack of coherency between the individual cache systems and 
main memory, but greatly increases memory bus traffic. The ef- 
fect of this increased bus traffic is a degrading of the performance 
of a multiprocessor system as the processing nodes compete for 
memory bus bandwidth. 
This problem is greatly reduced when 


copy-back caching mode is used. 


Copy-back mode holds all changes to a cache line until the line 
is flushed from the cache. This minimizes bus traffic to only those 
transactions necessary to maintain the cache. However, by allow- 
ing the cache line to be modified without updating main memory, 
a problem arises when other processing nodes require an up-to- 
date copy of that memory location. 
The problem of modified 


cache lines is solved by the enforcement of a cache coherency pro- 
tocol. 


The CY7C605A implements a cache coherency protocol specified 
by the SPARC reference standard Mbus level-2 interface. 
This 
protocol is modeled after that used by the IEEE Futurebus. 
In 


this protocol, each cache line is described by one of five states: 
Invalid (I), Exclusive Clean 
(Ee), 
Exclusive Modified 
(EM), 


Shared Clean (Se), and Shared Modified (SM). The following de- 
scribes these five cache states: 


Invalid (I): Cache line is not valid. 


Exclusive Clean (EC): Only this cache module has a valid copy of 
this cache 
line, other 
than 
the next level of memory (main 


memory or secondary cache). 
No other cache module on the 


same level of memory has a valid copy of this cache line. 


Exclusive Modified (EM): Only this cache module has a valid copy 
of this cache line. This cache module is the OWNER of the cache 
line, and has the responsibility to update the nextleve\ of memory 
(main memory or secondary cache) and also to supply data if any 
other cache references this memory location. 


Shared Clean (SC): The same cache line may exist in more than 
one cache module. The next level of memory mayor may not con- 
tain a valid copy of this cache line, depending upon whether this 
cache line has been modified in any other cache. 


Shared Modified (SM): The same cache line may exist in more 
than one cache module, but this cache module is the OWNER of 
the cache line. The next level of memory does not have a valid 
copy of this cache line, and this cache module has the responsibil- 
ity to update the next level of memory and to supply any other 
cache that may reference this same memory location. 


These five states are described by three state bits (valid (V), shared 
(SH), and modified(M» 
in each MPTAG cache tag entry. 
The 


PVTAG cache tag entries corresponding 
to the same cache lines 


have two state bits, valid (V) and shared (SH). 
Underwrite-through 
cache mode, only the valid and invalid states 


apply to either the MPTAG or PVTAG cache tag entries. 
The 


shared and modified bits in the MPTAG 
are ignored by the 


CY7C605A when in write-through 
mode. 


CY7C605A Registers 


All values in all control registers are read/write (with the excep- 
tion of the implementation 
and version fields of the SCR). Con- 


trol registers are accessible by use of the alternate space load or 
store instructions with ASI = 4. 


System Control Register (SCR) 


The system control register, as shown in Figure 2, defines the op- 
eration modes for the cache controller and MMU. The following 
describes the functions of the bit fields in the SCR. 


IMPL, VER- The implementation 
number (SCR(31:28» and the 


version number (SCR(27:24» fields are hardwired; they are read 
only fields and writes to those fields are ignored. 


Implementation 
number field: 0001 
Version number field: 1111 
• 


MID(3:0)-Module 
Identification number (SCR(1B:15» identifies 


the processor module during transactions on the Mbus. This four- 
bit module identification 
number is embedded 
in the Mbus ad- 
dress phase of all Mbus transactions initiated by the CY7C605A. 


BM-Boot-mode 
bit (SCR(14» 
indicates the system is in boot 


mode. This bit is set to Ito indicate boot mode. This bit is auto- 
matically set upon power-on reset. 


C-Cacheable 
bit (SCR(13» indicates whether the access iscache- 
able or not when the MMU is disabled. This bit is set to 1 if ac- 
cesses on the physical bus (with the MMU disabled) are to be con- 
sidered cache able. 


MR-Memory 
Reflection (SCR(11» indicates whether the main 


memory system on the Mbus supports memory reflection. 
MR 


affects the status of the MTAG cache tag bits. 


CM-Cache-mode 
bit (SCR(10» indicates whether the cache is 


operating 
under 
write-through 
no 
write 
allocate 
policy or 


copy-back write allocate policy. 
This bit is set to 1 to enable 


copy-back 
cache 
mode. 
Setting 
this 
bit 
to 0 will enable 


write-through 
cache mode. 


RSV 


28 27 
24 
23 
19 18 
15 14 


IMPL= Specific Implementation of the MMU 
VER = Version of Specific Implementation (typicallymask revision) 
MID(3:0)= Module Identifier(3:0) 
8M = Boot Mode 
C = Cacheable (when MMUdisabled) 


NF ME 


o 
13 
12 11 
10 
9 
8 
7 
MR = Memory Reflection 
CM = Cache Mode 
CE = Cache Enable 
NF = No Fau~ 
ME = MMUEnable 
RSV = Reserved 


Figure 2. System Control Register (SCR) 


CE-Ctu:he-enable 
bit (SCR(S» 
indicates 
whether 
the virtual 


cache is enabled or not. This bit is set to 1 to enable the cache 
controller. 


NF -No-fault 
bit (SCR(1»prevents 
supervisor data accesses from 


signaling data faults to the CY7C60lA. 
When the NF bit is set, 
exception-generating 
logic (in both the TLB and the table walk) 
does not indicate supervisor data faults to the CY7C60lA 
(via 


MEXC), but status and address information 
is recorded in the 


SFSR and SFAR registers as in normal data access operations. 
When the NF bit is not set, the CY7C605A reports the supervisor 
data exceptions. 
ME-MMU-enable 
bit (SCR(O» indicates whether the MMU is 


enabled or not. This bit is set to 1 to enable the MMU. 


On power-on reset, all writeable control bits except the BM bit 
are cleared. 
This sets the CY7C605A into the following state: 


cache 
disabled 
(CE 
= 0), write-through 
mode 
(CM 
= 0), 


non-eacheable 
(C = 0), boot-mode 
enabled (EM = 1), no fault 


disabled (NF = 0), and MMU disabled (ME = 0). 


Context Table Pointer Register (CTPR) 


The context table pointer points to the context table in physical 
memory. The table is indexed by the contents of the context regis- 
ter. The context table pointer appears on bits 35 through 14 of 
the Mbus (MAD(35:14» during the first fetch of TLB miss pro- 
cessing. Once the root pointer is cached in the PTPC (page table 
pointer cache), no fetching of the root pointer is required until the 
context is changed (see Figure 3} 


CTP = Context Table Pointer 
RSV = Reserved 


Context Register (CXR) 


The context register defines a virtual address space associated 
with the current process. 
The CXR is a twelve-bit register that 


supports 4096 contexts. This register is used to define the current 
context for the CY7C605A. Nearly all CY7C605A operations are 
dependent upon matching the value of this register to a cache tag 
entry or TLB entry. 


CXN 


12 11 
0 
CXN = Context Number 
RSV = Reserved 


Reset Register (RR) 


The RR register contains information regarding whether watch 
dog reset (WDR) or Software Internal Reset (SIR) occurred. This 
is a read/write register, and setting the software internal reset bit 
(SIR) or the software external reset (SER) causes the correspond- 
ing reset. Upon power-on reset, the WDR, SIR, and SER bits in 
the RR will be cleared. Reading the RR will also clear these bits. 


_______ 
R_S_V 
EEB 


31 
3 
2 
1 
0 
RSV = Reserved 
WDR = Watchdog Reset 
SIR = Software Intemal Reset 


Root Pointer Register (RPR) 


The RPR is the context level table page table pointer (PTP) and 
is cached in the page table pointer cache. 


________ 
R_P 
•..__ 
R_S_V 
__ 0 


31 
6 
5 
0 
RP = Root Pointer 
RSV = Reserved 
V = Valid 


Figure 6. Root Pointer Register 


On power-on reset, the V bit is cleared. When the current context 
is changed by writing to the context pointer register (CXR), the 
V bit of the RPR is cleared. 
The V bit is also cleared when the 


CTPR register is written. 


Instruction 
access PTP (IPTP) 


The IPTP is the instruction access level 2 table page table pointer 
(PTP) and is part of the page table pointer cache. Upon power-on 
reset, the V bit is cleared. 


""'- 
I_PT_P 
••.•• 
RS_V 
__ I~ 


31 
4 
3 
0 
IPTP = Instruction Access PTP 
RSV= Reserved 
V = Valid 


Data access PTP (DPTP) 


The DPTP is the data access level 2 table page table pointer(PTP) 
and is a register in the page table pointer cache. Upon power-on 
reset, the V bit is cleared. 


'-- 
D_PT_P 
..•....__ RS_V 
__ I~ 


31 
4 
3 
0 


DPTP = Data Access PTP 
RSV = Reserved 
V = Valid 


Index Tag Register (ITR) 


The ITR contains the tag (index1 and index2) fields of the IPTP 
and DPTP entries. 


ITAG 
~ 
DTAG 


31 
18 
17 
16 
15 
RSV= Reserved 
ITAG= Instruction Access PTP Tag 
DTAG= Data Access PTP Tag 


Figure 9. Index Tag Register 


~ 
210 


TLB Replacement 
Control Register (TRCR) 


The TRCR contains the replacement 
counter (RC) and Initial 


Replacement 
Counter (lRC) fields as shown in Figure 10. These 


fields are used in order to support random replacement 
and to 


support locking capabilities of the TLB. On power-on reset, both 
the RC and IRC fields are initialized to zero . 


••••• 
R_S_V 
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~ 
IRC 
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31 
14 13 
8 
7 
6 
5 
0 
RSV = Reserved 
RC = Replacement Counter 
IRC = InitialReplacement Counter 


Figure 10. TLB Replacement 
Control Register 


Synchronous 
Fault Status Register (SFSR) 


The synchronous fault status register, illustrated in Figure 11, con- 
tains fault-associated 
information 
for synchronous 
faults. 
Syn- 


chronous faults are faults that occur during an integer unit access 
of memory. Synchronous faults include almost all possible faults 
for the CY7C605A. This type offault issynchronous to the opera- 
tions of the CY7C60lA. 
For the CY7C605A, this fault type coven; 
all cases except those caused by delayed writes of data stored in 
the write buffen;. These faults are asynchronous to the operation 
of the CY7C60lA, 
and are named asynchronous faults. 


An example of a synchronous 
fault is a privilege violation fault 


caused by attempting an unauthorized 
memory access. Upon en- 


countering 
a synchronous 
fault, 
the CY7C605A 
asserts the 
MEXC signal, along with MHOLD 
and MDS.~hronous 


faults are the only exception type that assert the MEXC signal. 


The uncorrectable 
error (UE), timeout error (TO), and bus error 


bits ~rt 
error status as encoded in the MERR, MRTY, 
and MRDY signals. (Refer to the section on Mbus for further in- 
formation.) 
The level bits (L) describe the level in a table walk 


process at which the fault occurred (if applicable). 


RSV= Reserved 
UC = Uncorrectable Error 
TO = Time Out Error 
BE = Bus Error 


87 
0 


L 
Level 
AT = Access Type 
FT = FaultType 
FV = FaultAddress Valid 
OW = Over Write 


Figure n. Synchronous 
Fault Status Register 


The access type bits (AT(2:0)) describes 
the access type that 


caused the fault. This field specifies user/supervisor 
access and 


whether the access is load or store of data or instruction. The fault 
address valid bit is set when the address in the synchronous fault 


address register (SFAR) is a valid fault address. 
The over-write 


bit (OW) is set in the case of a double fault where the fault status 
stored 
in the SFSR does not correspond 
with the fault fin;t 


trapped on by the CY7C60lA. 


Synchronous 
Fault Address Register (SFAR) 


The synchronous fault address register contains the faulted virtu- 
al address. 


Asynchronous 
Fault Status Register (AFSR) 


Asynchronous faults are those faults caused by a delayed memory 
access initiated by the CY7C605A. This type of error can only be 
caused by a delayed write to main memory initiated by the write 
buffer. 
Asynchronous 
faults cause the CMER signal to be as- 
serted, which can be used as an interrupt to the CY7C60lA. 


The UC, TO, and BE bits are identical to those in the SFSR. 
They 
are s~e 
information 
encoded 
into the MERR, 


MRTY, and MRDY signals of the Mbus. The asynchronous fault 
address bits provide the upper four bits of the physical address not 
captured 
in the asynchronous 
fault address 
register (AFAR), 


which is a thirty-two bit register. 


RSV 
~ 
AFA(35:32)EB 


31 
13 12 
11 
109 
87 
4 
3 
1 
0 
7 
RSV= Reserved 
BE = Bus Error 
UC = Uncorrectable Error 
AFA= Asynchronous Faun Address 


TO = Time Out Error 
AFO = Asynchronous Faun Occurred 


Figure 13. Asynchronous 
Fault Status Register 


The Asynchronous 
Fault Occurred 
bit (AFO) is set when an 


asynchronous fault is encountered. 
Once the Asynchronous Fault 


Occurred (AFO) bit is set, no further asynchronous faults are re- 
corded until the AFO bit is cleared, which is accomplished 
by 


reading the asynchronous 
fault address register (see Figure 13). 


On power-on reset, the UC, TO, BE, and AFO bits in the AFSR 
will be cleared. Reading the AFSR will also clear these bits. 


Asynchronous 
Fault Address Register (AFAR) 


The AFAR contains bits 31- 0 of the physical address for asynch- 
ronous faults (bus erron;). Asynchronous 
faults can occur during 


delayed write accesses or during background cache line flush op- 
erations in copy-back mode (see Figure 14) 
The address in the 


AFAR is concatenated 
with the four AFA bits in the AFSR to de- 
fine the entire 36-bit physical address. 


AFA= Asynchronous Faun Address 


Figure 14. Asynchronous 
Fault Address Register 
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LDSTO 
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MATY 
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MRDY 
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CMEA 
10E 
MIH 
IRST 
MSH 
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Pin Definitions 


The 
functional 
pinout 
is shown 
in Figure 15. 
Note 
that 
all 


three-state 
output 
signals 
are driven 
to their 
inactive 
state 
before 
they 
are released 
to three-state. 


Description 


Virtual Address bus. 
A(31:16) 
are input sig- 


nals during normal readlwrite accesses and 
are latched into the CY7C605A 
on the ris- 
ing edge of clock. 


1/0 
Virtual Address bus. 
Three-state 
input/out- 
put signals. 
A(15:2) are input signals during 
normal readlwrite accesses and are latched 
into the CY7C605A 
on the rising edge of 
the clock. 
They are output 
signals during 


cache line loads into the cache RAM and 
modified cache-line 
reads from the cache 
RAM. 


Virtual Address bus. 
A(I:0) 
are input sig- 
nals during normal read/write accesses and 
are latched on the rising edge of clock. 


Virtual Bus Signals 
(continued) 


Signal 
Name 
I/O 
Description 


ASI(5:0) 
Address Space Identifiers. 
The ASI bits are 


used to: 
1. Identify various types of accesses (userl 


supervisor, 
instruction/data) 


2. Access CY7C605A 
registers 


3. Initiate 
MMU f1ushlprobe 
operation 


4. Identify cache flush operations 
5. Recognize 
diagnostic 
operations 


6. Recognize 
pass physical address space 


D(31:0) 
1/0 
Virtual Data bus. 
Three-state 
input/output 


signals. 
D(31:0) are input signals during 


CY7C601A 
normal write accesses, modified 


cache-line reads from the cache RAM, 
CY7C605A 
register writes, or CY7C605A 


diagnostic 
accesses. 
They are output 
signals 


during cache line loads into cache RAM, 
CY7C605A 
register reads, or CY7C605A 


diagnostic accesses. 


ERROR 
Error 
(active LOW) signal from the 


CY7C601. 
When this signal is asserted, 
it 


indicates the CY7C601A 
has halted due to 


entering 
the error state. 
The CY7C605A 


reads this signal and initiates a watch dog 
reset. 


FNULL 
Floating 
point unit NULLification 
cycle (ac- 
tive HIGH). 
When FNULL 
is active, the 


current 
access will be ignored. 


INULL 
Integer 
unit NUllification 
cycle (active 


HIGH). 
When INULL 
is active, the current 


access will be ignored. 


IOE 
1/0 
Integer 
unit Output 
Enable (active LOW). 


Three-state 
in~utput. 
This signal is con- 


nected to the AOE and DOE inputs of the 
CY7C601A. 
When asserted, 
the IOE will 


place the address (A(31 :0)), address space 
identifiers 
(ASI(7:0)), 
and data (D(31:0)) 


drivers of the CY7C601A 
in a three-state 


condition. 


IRST 
0 
Integer 
unit Reset (active LOW) is asserted 


to reset integer unit. This signal is continu- 
ally driven HIGH 
or LOW, 


LDSTO 
Load Store Atomic operation 
indicator 
(ac- 


tive HIGH). 
Asserted 
by the CY7C601A 


during atomic load store cycles and is 
sampled by the CY7C605A 
on the rising 


edge of the clock. 


Virtual Bus Signals 


Signal 
Name 
I/O 
Description 


MDS 
0 
Memo!)' Data Strobe (active LOW) is as- 
serted for one clock to strobe data into the 
CY7C601 
during a cache miss. 
MHOLD 


must be LOW when MDS is asserted. 
It is 


driven off of the falling edge of the clock. 
This is a three-state output. 


a 
Memory Exception 
(active LOW) is assertcd 
for one clock whcnever 
a "riviiege or protec- 
tion violation 
is dctected. 
MHOLD 
and 
MDS must be LOW when MEXC is as- 
serted. 
This is a three-state 
output. 


a 
Memory Hold (active LOW) is asserted by 
the CY7C605A 
whenever 
it requires 
addi- 


tional time to complete the current access, 
such as during cache miss. It is driven off of 
the falling edge of the clock. 


Read cycle indicator 
(active HIGH). 
As- 
serted by the CY7C601A 
during read cycles 
and is sampled by the CY7C605A 
on the 
rising edge of the clock. 
This signal is also 
used to generate 
cache output 
enable 
(CROE). 


SIZE of access indicator. 
Specifies the data 
width of the CY7C601A 
access and is 
sampled by the CY7C605A 
at the rising 


edge of the clock. 


System NULLification 
cycle (active HIGH). 
When SNULL is active, the current access 
will be ignored. 


Write Enable to indicate write cycle (active 
LOW). 
Asserted 
by the CY7C601A 
during 


write cycles and is sampled by the 
CY7C605A 
on the rising edge of the clock. 
This signal is also used to generate cache 
byte write enables (CBWE(3:0)). 


110 
Virtual INTervention. 
Three-state 
input/out- 
put (active LOW). Used by the CY7C605A 
when in multichip mode to interrupt activity 
on the virtual 
bus for sn<XJping. 


Signal 
Name 


CMER 


I/O 
Description 
a 
CMU Error (active LOW). 
This open-drain 


signal is asserted if any bus error has oc- 
curred 
during 
writes 
to main memory. 
A 
system can use this signal to cause an inter- 
rupt. This signal has the same timing specifi- 
cations as the Mbus control signals. 


110 
Mbus Address and Data (three-stated 
bus). 
During the address phase of a transaction 
MAD(35:0) 
contains the physical address 
PA(35:0). The remaining 
signals 
MAD(63:36) 
during the address phase of the 


transaction contains the transaction asso- 
ciated 
information 
as shown below: 


MAD<39'36\ 


OH 
I H 
2H 
3H 
4H 


Transactioo 
1)'pe 
Mbuswrite 
Mbus read 
Coherent 
invalidate 


Coherent 
read 
Coherent write and 
invalidate 
Coherent 
read and 
invalidate 
Reserved 


MADC42'40l 
Transaction 
Size 
o 
Byle (8 bits) 


1 
Hallword 
(16 bits) 


2 
Word (32 bits) 


3 
Doubleword 
(64bits) 


4 
16 Bytes· 


5 
32 Bytes 


6 
64 Bytes· 
7 
128 Bytes· 


• Not supported 
by the CY7C605A. 


MAD(43) 
(MC) Mbus Cacheable 
(active 


HIGH). 
Indicates 
the current 
Mbus transac- 


tion is cacheable. 


MAD(45) 
(MBL) Mbus Boot ModelLocal 
indicator. 
MBL is HIGH 
during the address 


phase of boot mode transactions. 
The in- 
struction 
fetch and data accesses to the 


Mbus while the MMU is disabled in boot 
mode are considered 
BOOT MODE 
transac- 


tions. The data transactions 
on the Mbus 


required 
for load/store 
alternate 
instructions 


with ASI = 1 are considered 
LOCAL trans- 
actions. 


MAD(63:46) 
Reserved during address phase 


(driven HIGH). 


During the data phase of the transaction 
the 


MAD(63:0) 
lines contain 
the 64 bits of data 


being transferred. 


110 
Mbus Address Strobe (active LOW). 
As- 
serted by the bus master during the first 
cycle of every bus transaction to indicate the 
address phase of that transaction. 
This sig- 
nal is bidirectional 
on the CY7C605A. 


I/O 
Mbus Bus Busy (active LOW) asserted by 
the current Mbus master during an entire 
transaction 
and, if required, 
during both the 


read and write transactions of indivisible ac- 
cesses. The JX>tentialbus master devices sam- 
ple MBB in order 
to obtain bus mastership 


as soon as the current master releases the 
bus. This is a three-state output. 


Signal 
Name 


MBG 


Description 


Mbus Bus Grant (active LOW). 
Asserted 
by 


external arbiter when the Mhus is granted to 
a master. This signal is continually driven. 


a 
Mbus Bus Request (active LOW). 
Asserted 
by potential Mbus master devices to acquire 
bus mastership. 
This signal is continually 


driven. 


Mbus Error (active LOW). 
Asserted 
or de- 
asserted by an Mbus slave during every data 
phase of a transaction. 
This signal is to be 


three-stated 
when released. 


Memory INhibit (active LOW). 
Asserted 
by 


the CY7C605A 
for Mbus transactions 
where 


the cache owns the data that has been re- 
quested 
on the Mbus. 
This signal is moni- 
tored during bus snooping 
by the 


CY7C605A. 


• 


110 
Mbus Ready (active WW). 
Asserted 
or de- 
asserted by an Mbus slave during every data 
phase of a transaction. 
This signal is as- 


serted by the CY7C605A 
during direct data 


intervention operations 
This signal is to be 
three-stated 
when released. 


Mbus Retry (active WW). Asserted 
or de- 


asserted 
by an Mbus slave during every data 


phase of a transaction. 
This signal is to be 


three-stated 
when released. 


MERR 
MRDY 
MRTY 
Action 
H 
H 
H 
Nothing 
H 
H 
L 
Relinquish 
and Retry 
H 
L 
H 
Data 
Strobe 
H 
L 
L 
Reserved 
L 
H 
H 
Bus Error 
L 
H 
L 
Time Out 
L 
L 
H 
Uncorrect- 
able Error 
L 
L 
L 
Retry 


110 
Memory SHared 
(active WW). 
Asserted 
by 


the CY7C605A 
after detecting 
a data re- 


quest on the Mbus for which the CY7C605A 
has a copy. 
This signal is monitored 
by the 
CY7C605A 
during bus snooping. 


Power-On 
Reset (active WW). The POR 
initializes all on-chip logic to a known state, 
invalidates all the TLB entries, and all cache 
tag entries. It must be asserted for a mini- 
mum of 8 clocks. 
It also causes the 
CY7C605A 
to assert IRST to reset the 


CY7C601A. 


Signal 
Name 


CBWE 
(3:0) 


Cache RAM Signals 


1/0 
Description 


o 
Cache Byte Write Enables (active WW). 
During Donnal write operations, certain byte 
enable signals are asserted 
depending 
upon 


the size and A(I:0) 
inputs. 
During a cache 


line load all four byte enable signals are as- 
serted. 
These signals can also be driven by 


using a store alternate instruction with ASI 
= F H. This feature 
is supported 
for diag- 


nostic purposes. 
This DutRu! is continually 


driven (not three-stated). 
CBWEO controls 


the most significant byte (MSB) and CBWE3 
controls 
the least significant 
byte (LSB). 


o 
Cache RAM Output 
Enable 
(active WW). 


Asserted 
during normal read operations 
with 


ASI = 8, 9, A, B and during modified cache 
line read operations. 
This signal is also as- 
serted during cache data read operations 
with ASI = F for diagnostic 
purposes. 
This 


signal is continually 
driven. 


System Clock. 
This is the same clock used 


by the 7C601 integer unit. 


Chip Select (active WW). In multi-CMU 
systems, CSEL on each CY7C604A 
is con- 


nected to different 
address lines (anyone 


from A(31:16» 
to initialize the Multichip 


Configuration. 
In single-CMU 
systems, 


CSEL should be connected 
to ground 
in or- 
der to permanently 
enable the CY7C604A. 


In multi-CMU 
systems, CSEL should be 
connected 
to ground or Vcc through 
a resis- 


tor during JX>wer-on reset. This is required 
in order 
to enalbe only one boot mode 


CMU. 


Test Output 
Enable (active WW). 
This sig- 


nal is used (when high) to three-state 
all out- 


put drivers of the CY7C605A. 
TOE 


SHOULD 
BE TIED WW DURING 
NOR- 


MAL OPERATION. 
It is used to isolate the 


CY7C605A 
from the rest of the system for 


debugging 
purposes. 
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Features 
• 


• SPARC® processor optimized for 


embedded control applications 
• Reduced Instruction 
Set Computer 


(RISC) architecture 
- 
Simple format instructions 
- 
Most instructions 
execute in a 


single cycle 
• 
• Very high performance 
• 


- 
46-ns instruction 
cycle with 
• 
4-stage pipeline 


- 
18 sustained 
MIPS at 25 MHz 


- 
246-ns worst-case interrupt 
re- 
• 
sponse 


Logic Block Diagram 


136 32-bit registers 
- 
Eight overlapping windows of 24 
registers each 
- 
Dividing registers into seperate 
register banks allows fast context 
switching 


- 
8 global registers 


Hardware pipeline interlocks 


16 prioritized 
interrupts 
levels 


Large address space 
- 
24-bit address space 


- 
3-bit address space indentifier 


Multitasking 
support 
- 
User/supervisor 
modes 


- 
Privileged instructions 


• 
Artificial intelligence support 


• 
Multiprocessing 
support 


• 
High-performance 
floating-point 
pro- 


cessor interface 
- 
Concurrent 
execution of float- 


ing-point instructions 


• 
O.8-micron 2-layer metal CMOS 
technology 


• 
160-pin quad flat package 


• 
Power 
- 
3 watts maximum 
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uvervlew 


The 
CY7C61lA 
controller 
is 
a 
high-speed 
CMOS 
implementation 
of the SPARC 32-bit RISC architecture processor 
optimized for embedded control applications. RISC architecture 
makes possible the creation 
of a processor which can execute 
instructions at a rate of one instruction per processor clock. The 
CY7C61lA supports a tightly-coupled floating-point coprocessor 
capable of executing at a rate of 4-5 MFLOPS. 
The CY7C611A 
SPARC controller provides the following features: 


Simple instruction 
format. 
All instructions are 32 bits wide and 


aligned on 32-bit boundaries in memory. Three basic instruction 
formats feature uniform placement of opcode and address fields. 


Register intensive architecture. 
Most instructions operate on 


either two registers or one register and a constant, and place the 
result in a third register. Only load and store instructions access 
off-chip memory. 


Large windowed register 
file. 
The processor has 136 on-<:hip 
32-bit general purpose registers. Eight of these are global registers. 
The remaining 
128 registers can be configured as four separate 
non-Qverlapping register banks or as eight overlapping sets of 24 
registers each. The first configuration 
allows for extremely fast 


context switch times and the second provides forvery lowoverhead 
procedure calls. The actual configuration 
and use of the registers 
is determined 
by the user's application. 


Delayed control transfer. 
The processor always fetches the next 


instruction after a control transfer, and either exccutes it or annuls 
it depending on the state of a bit in the control transfer instruction. 
This feature allows compilers to rearrange code to place a useful 
instruction after a delayed control transfer and thereby take better 
advantage of the processor pipeline. 


Concurrent 
floating 
point. 
Floating-point 
instructions 
can 


execute concurrently with each other and with non-floating-point 
instructions. 


Fast interrupt 
response. 
Interrupt inputs are sampled on every 


clock cycle and can be acknowledged in one to three cycles. The 
first instruction of an interrupt 
service routine can be executed 
within six to eight cycles of receiving the interrupt request. 


The 7C600 Family 


The SPARC processor 
family consists of the CY7C60lA 
and 


CY7C61lA integer units and the CY7C602A floating-point unit. 
The CY7C60lA 
and CY7C611A integer units are a high-speed 
implementation 
of the 
SPARC 
architecture, 
and 
are binary 
compatible 
with all SPARC processors. 
The CY7C602A is a 
high-performance 
floating-point 
unit that allows floating-point 
instructions to execute concurrently 
with the CY7C60lA 
or the 


CY7C61lA. 


The CY7C61lA is designed for embedded control and application 
specific systems. 
The CY7C611A communicates 
with external 


memory via a 24-bit address bus and a 32-bit data/instruction 
bus. 
In many dedicated 
controller 
applications, 
the CY7C61lA 
can 


function by itself with high-speed local memory. The CY7C611A 
retains 
the 
signals supplied 
on 
the 
CY7C60lA 
for discrete 


implementations 
of cache systems. The CY7C157A cache storage 
unit can be used with the CY7C61lA to provide a zero wait-state 
memory system with no gluc logic. 
The CY7C289 registered 
PROM 
provides 
a zero wait-state 
PROM 
memory 
for most 


accesses 
and 
requires 
no 
glue 
logic for 
interfacing 
to the 
CY7C61lA. 


Floating-Point 
Coprocessor 
Interface 


The CY7C611A is the basic processing engine which executes all 
of the instruction 
set except for floating-point 
operations. 
The 


CY7C602A 
and 
CY7C61lA 
operate 
concurrently. 
The 


CY7C602A recognizes floating-point instructions and places them 
in a queue while the CY7C61lA continues to execute non-floating 
point instructions. 
If the CY7C602A encounters 
an InstructIon 


which 
will not 
fit in its queue, 
the 
CY7C602A 
holds 
the 


CY7C61lA 
until the instruction can be stored. The CY7C602A 


contains its own set of registers on which it operates. The contents 
of these registers are transferred 
to and from external memory 


under 
control 
of the CY7C61lA 
via floating-point 
load/store 


instructions. 
Processor 
interlock 
hardware 
hides floating-point 


concurrency 
from 
the 
compiler 
or 
assembly 
language 


programmer. 
A program containing floating-point 
computations 


generates 
the 
same 
results 
as if instructions 
were executed 


sequentially. 


Multitasking 
Support 


The CY7C611A 
supports 
a multitasking 
operating 
system by 


providing 
user 
and supervisor 
modes. 
Some 
instructions 
are 


privileged and can only be executed while the processor 
is in 
supervisor mode. Changing from user to supervisor mode requires 
taking a hardware interrupt or executing a trap instruction. 


Interrupts 
and Traps 
The CY7C61lA 
supports both asynchronous 
traps (interrupts) 


and synchronous 
traps (error conditions 
and trap instructions). 


The occurrence 
of a trap causes the CY7C611A to fetch the 


beginning address of the trap routine from a trap table. The base 
address of the trap table is specified by a trap base register and the 
offset is a function of the trap type. After fetching the trap routine 
address, program control jumps to the trap routine. 
Traps are 


taken before the current instruction is executed and can therefore 
be considered to occur between instructions. 


Registers 


The following sections provide an overview of the CY7C611A 
registers. The CY7C61lA 
has two types of registers; working 


registers (r registers), and control registers. The r registers provide 
storage for processes, and the control registers keep track of and 
control the state of the CY7C61lA. 


Special r Registers. 
The utilization of four r registers is partially 


fixed by the instruction set. Global register r[O]is dummy register; 
it returns the value "0" when it is used as a source register, and it 
is not modified when used as a destination 
register. 
This feature 


makes the most common value easily available and eliminates the 
need for a clear register instruction. 
Another 
r register fixed by 


the instruction set is r[15]. Upon executing a CALL instruction, 
the address of the CALL instruction is written into r[15]. Upon 
entering a trap routine, registers r(17) and r[18] contain the PC and 
nPC. 


r Register Addressing. 
r registers r8 through r31 are addressed 


internally using the register number and current window pointer 
(CWP) field of the processor status register(PSR; see next section). 
The CWP is essentially an index field for r register addressing, and 
acts as a pointer to a group of 24 registers. 
Figure 1 illustrates r 


register addressing using the CWp. Incrementing or decrementing 
the CWP changes the register offset by 16, thereby causing the 
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Registers 
(continued) 


register addressing to overlap by eight registers. 
This allow.; r24 
through r31 of the current window to act as r8 through r15 of the 
previous window. Registers rOthrough r7 do not use the CWP to 
address them, therefore they are global in nature. 


The window invalid mask register (WIM) is used to disallow 
selected CWP values. Each bit of the least significant by1eof the 
WIM register corresponds 
to a register window or CWP value. 
Incrementing 
or decrementing 
the CWP to a window invalidated 


by the WIM register causes the CY7C611A to cause a window 
underflow or window overflow trap. 
This is used in a register 


window environment 
to set the boundaries 
for software. 
The 


WIM register can also be used to set boundaries for register banks 
in a bank switching environment. 


CY7C61lA Control Registers. 
The CY7C611A:s control registers 


contain various addresses and pointers 
used by the system to 


control its internal state. They include the program counters (PC 
and nPC), the processor state register (PSR), the window invalid 
mask register (WIM), the trap base register (TBR), and the Y 
register. The following paragraphs briefly describe each: 


Processor 
Status Register (PSR). 
The processor status register 


contains 
fields 
that 
describe 
and 
control 
the 
state 
of the 


CY7C61IA. Figure 2 illustrates the bit assignments for the PSR. 


IU Implementation and IU VersionNumbers. 
Thcse are read-only 


fields in the PSR. 
The version number is set to "0001" and thc 


implementation 
number is set to binary "0011". 


Integer Condition Codes. 
The integer condition codes consist of 


four flags: negative, zero, overflow, and carry. These flags are set 
by the conditions occurring during integer logic and arithmetic 
operations. 


Enable Floating-Point Unit (EF bit). This bit is used to enable the 
floating-point 
unit. 
If a floating-point 
operation 
(FPop) 
is 


encountered 
and the EF bit is cleared (i.e., FPU disabled), a 


floating-point disabled trap is generated. 


Processor Intem/pt 
Level (PIL). 
This four bit field sets the 


CY7C611A 
interrupt 
level. 
The 
CY7C611A 
will 
only 


acknowledge interrupts greater than the level indicated by the PIL 
field. Bit 11 is the MSB; bit 8 is the LSB. 


Supervisor Mode (S). 
S = 1 indicates that the CY7C611A is in 


supervisor mode. 
Supervisor mode can only be entered 
by a 


software or hardware trap. 


Previous Supervisor Mode (PS). 
This bit indicates the state of thc 


supervisor bit before the most recent trap. 


Trap Enable (ET). 
This bit enables or disables the CY7C611A 


traps. 
This bit is automatically 
set to ° (traps disabled) upon 
entering a trap. When ET = 0, all asynchronous traps are ignorcd. 
If a synchronous trap occurs when ET = 0, the CY7C611A enters 
error mode. 


Current Window Pointer (CWP). 
The r registers are addressed by 


the Current Window Pointer (CWP), a field of the Processor Status 
Register (PSR) that points to the 24 active local registers. It is 


• 


incremented 
by a RESTORE 
instruction and decremented 
by a 


SAVE instruction. 
Note that the globals are always accessible 


regardless of the CWP. 
In the overlapping configuration 
each 
window shares its ins and outs with adjacent windows. The outs 
from a previous window (CWP + I) are the ins of the current 
window, and the outs from the current window are the ins for the 
next window (CWP -I). In both the windowed and register bank 
configurations 
globals are equally available and the locals are 
unique to each window. 


Program 
Counters 
(PC and nPC). 
The program counter (PC) 
holds the address of the instruction being executed, and the next 
program counter (nPC) holds the address of the next instruction 
to be executed. 


Trap Base Register (TBR). 
The trap base register contains the 
base address of the trap table and a field that provides a pointer 
into the trap table. 


I 
9 
31 


Trap Type (ll) 
I__ 
I_I_~I 
8 
23 22 
12 11 
~ 
4 3 
0 


Window Invalid Mask Register (WIM). The window invalid mask 
register determines 
which windows are valid and which window 


accesses cause window_overflow and window_underflow traps. 


WindowOl 
Window 1 
,"~=lll 
1~ 
R_e_se_rv_ed 
~~ 
31 
0 


Y register. 
The Y register is used to hold the partial product 


during execution of the multiply-step instruction (MULSCC). 


Pin Description 


The integer unit's external signals fall into three categories: 


1. memory subsystem interface signals, 
2. floating-point unit interface signals, and 
3. miscellaneous UO signals. 


These are described in the following sections. Paragraphs after the 
tahles describe each signal. 
Signals that are active LOW are 


marked with an overbar; all others are active HIGH. 
For example, 


WE is active LOW, while RD is active HIGH. 


Curren1 


WlndO\ 


Pofnte 


(CWP) 


The memory interface signals consist of 27 bit of address (24 bits 
of address and a three-bit 
address space identifier), 32 bits of 


bidirectional 
data lines, and two bits to identify the size (byte, 


halfword, word, or double word) of data bus transactions. 


A[23:0]- These 24 bits are the addresses of instructions 
or data 


and they are sent out "unlatched" 
by the CY7C611A. 
Assertion 


of the MAO signal during a cache miss will force the integer unit 
to put the previous (missed) address on the address bus. A[23:0) 
pins are three-stated 
if the TOE signal is deasserted. 


ASI[2:0]- 
These three bits are the address space identifier for an 


instruction or data access to the memory. 
ASI[2:0) are sent out 
"unlatched" hy the integer unit. The value on these pins during any 
given cycle is the address space identifier corresponding 
to the 


memory address on the A[23:0) pins at that cycle. Assertion of the 
MAO signal during a cache miss will force the integer unit to put 
the previous address space identifier on the ASI[2:0) pins. ASI[2:0) 
pins are tri-stated if the TOE signal is de asserted. Normally, the 
encoding of the ASI bits is as shown in Table 1. The remaining 
codes are software generated. 


Table 1. ASI Bit Assignment 


Address Space Identifier (ASI) 
Address Space 


000 
User Instruction 


010 
User Data 


001 
Supervisor Instruction 


011 
Supervisor Data 


D[31:0]-D[31:0) 
is the bidirectional 
data bus to and from the 


integer unit. The data bus is driven by the integer unit during the 
execution of integer store instructions and the store cycle of atomic 
load/store instructions. 
Similarly, the data bus is driven by the 


floating-point 
unit only during the execution 
of floating-point 


store instructions. 
The store data is sent out unlatched and must 


be latched externally before it is used. 
Once latched, store data 


is valid during the second data cycle of a store single access, the 
second and third data cycle of a store double access. and the third 
data cycle of an atomic load store access. The alignment for load 
and store instructions is done inside the processor. A double word 
is aligned on an eight-byte boundary, 
a word is aligned on a 


four-byte boundary, 
and a half word is aligned on a two-byte 


boundary. D(31) corresponds to the most significant bit of the least 
significant byte of the 32-bit word. If a double-word, word, or half- 


Memory Subsystem 
Interface 
Signals (continued) 


word load or store instruction 
generates 
an improperly aligned 


address, 
a 
memory 
address 
not 
aligned 
trap 
will 
occur. 
Instructions and operands are always expected to be fetched from 
a 32-bit wide memory. 


SIZE[l:Oj. 
These two bits specify the data size associated with a 


data or instruction fetch. Size bits are sent out "unlatched" by the 
CY7C611A. The value on these pins at any given cycle is the data 
size corresponding 
to the memory address on the A[23:0] pins in 
that cycle. 
SIZE[I:0] 
remains valid on the bus during all data 


cycles of loads, stores, load_doubles, 
store_doubles 
and atomic 
load stores. Since all instructions are 32-bits long, SIZE[I:0] is set 
to "10" during 
all instruction 
fetch cycles. Encoding 
of the 


SIZE[1:0] bits is shown in Table 2. 


Table 2. Size Bit Assignment 


SIZEl 
SIZEO 
Data Transfer lYpe 


0 
0 
Byte 


0 
1 
Halfword 


1 
0 
Word 


1 
1 
Word (Load/Store 
Double) 


MHOLDA or MHOLDB. 
The processor pipeline will be frozen 


while MHOLDA 
is asserted 
and the CY7C61lA 
outputs will 
revert to and maintain the value they had at the rising edge of the 
clock in the cycle before MHOLDA 
was asserted. MHOLDA 
is 
used to freeze the clock to both the integer and floating-point units 
during a cache miss (for systems with cache) or when a slow 
memory 
is accessed. 
This signal must be presented 
to the 


processor chip at the beginning of each processor clock cycle and 
be stable during the high time of the processor clock. 
Either 


MHOLDA 
or MHOLDB 
can be used for stopping the processor 


during a cache miss or memory exception. 
MHOLDB 
has the 


same definition as MHOLDA. 
The processor hardware uses the 
logical "OR" of all hold signals (i.e., MHOLDA, 
MHOLDB, and 


BHOLD) to generate a final hold signal for freezing the processor 
pipeline. All HOLD signals are latched (transparent 
latch) in the 


CY7C61lA before they are used. 


BHOLD. 
BHOLD 
is asserted by the I/O controller 
when an 


external bus master requests the data bus. Assertion of this signal 
will freeze the processor ~ 
External logic should guarantee 


that after deassertion of BHOLD, the data at all inputs to the chip 
is the same as what it was before BHOLD was asserted. This signal 
must be presented to the processor chip at the beginning of each 
processor clock cycle and be stable during the high time of the 
processor clock since the CY7C61lA processes the BHOLD input 
through a transparent 
latch before it is used. BHOLD should be 
used only for bus access requests by an external device since the 
MDS and MEXC signals are not recognized while this input is 
active. BHOLD should not be deasserted while LOCK is asserted. 


MDS. 
Assertion of this signal will enable the clock input to the 


on-chip instruction register (during an instruction fetch) or to the 
load result register (during a data fetch). In a system with cache, 
MDS is used to signal the processor when the missed data (cache 
miss) is ready on the bus. In a system with slow memories, 
MDS 
is used to signal the processor when the read data is available on 


the bus. MDS must be asserted only while the processor is frozen 
by either 
the MHOLDA 
or MHOLDB 
input 
signals. 
The 


CY7C61lA 
samples the MDS signal via an on-chip transparent 
latch before it is used. The MDS signal is also used for strobing 
memory exceptions. 
In other words, MDS should be asserted 


whenever MEXC is asserted (see MEXC definition). 


MEXC. 
This signal is asserted 
by the memory 
(or cache) 


controller 
to initiate 
an instruction 
(or data) 
exception 
trap. 


MEXC is latched in the processor at the rising edge of CLK and 
is used in the following cycle. 
If MEXC is asserted during an 
instruction 
fetch ~ 
an 
instruction 
access 
exception 
is 


generated, 
and if MEXC is asserted during a data fetch cycle, a 


data access exception trap is generated. 
The MEXC signal is used 
during (MHOLD) in conjunction with the MDS signal to indicate 
to the CY7C61lA that the memory system was unable to supply 
valid instruction or data. 
If MDS is applied without MEXC, the 


CY7C61lA 
accepts 
the 
contents 
of 
the 
data 
bus 
as valid 
information, but when MDS is applied with MEXC an exception 
trap is generated and the contents of the data bus is ignored by the 
CY7C611A. (In other words, MHOLD 
and MDS must be low 
when MEXC is asserted.) MEXC must be deasserted in the same 
clock cycle in which MHOLD 
is released. 


RD. 
This signal specifies whether the current memory access is 


a read or write operation. 
It is sent out "unlatched" by the integer 


unit and must be latched externally before it is used. RD is set to 
"0" only during address cycles of store instructions including the 
store cycles of atomic load store instructions. 
This signal, when 
used in conjunction with SIZE[1:0] and LDSTO, can be used to 
check access rights of bus transactions. 
In addition, the RD signal 
may be used to turn off the output drivers of data RAMs during 
a store operation. 
For atomic load store instructions the RD signal 
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is "I" during the first address cycle (read cycle), and "0" during the 
second and third address cycles (write cycle). 


WE. 
This signal is asserted by the integer unit during the second 


address cycle of store single instructions, 
the second and third 


address cycles of store double instructions, and the the third data 
cycle of atomic load/store instructions. The WE signal is sent out 
"unlatched" 
and must be latched externally before it is used. The 


WE signal may be externally qualified by HOLD 
signals (i.e., 


MHOLDA 
and MHOLDB) 
to avoid writing into the memory 


during memory exceptions. 


WRT. 
This signal is asserted (set to "I") by the processor during 


the first address cycle of single or double integer store inst.ructions, 
the 
first data 
cycle of single or double 
floating-point 
store 


instructions, 
and the second 
data 
cycle of atomic 
load/store 


instructions. 
WRT is sent out "unlatched" 
and must be latched 


externally before it is used. 


LDSTO. This signal is asserted by the integer unit during the data 
cycles of atomic load store operations. 
LDSTO 
is sent out 


"unlatched" 
by the integer unit and must be latched externally 


before it is used. 


LOCK. 
This signal is set to "I" when the processor needs the bus 


for multiple cycle transactions 
such as atomic load/store, double 


loads and double stores. The LOCK signal issent "unlatched" and 
should be latched externally before it is used. The bus may not be 
granted 
to another 
bus master as long as the LOCK signal is 


asserted (i.e., BHOLD 
should not be asserted in the following 


processor clock cycle when LOCK = 1). 


INULL. 
Assertion of INULL indicates that the current memory 


access (whose address 
is held in an external 
latch) is to be 
nullifiedby the processor. INULL is intended to be used to disable 
cachemisses 
(in systems with cache) 
and to disable 
memory 
exception generation 
for the current memory access (i.e., MDS 


and MEXC should not be asserted for a memory access when 
INULL= 
I). INULL is a latched output and is active during the 
same cycle as the address which it nullifies. INULL is asserted 
under the following conditions: During the second cycle of a store 
instruction, or whenever the CY7C61lA address is invalid due to 
an external 
or internal 
exception. 
If a floating-point 
unit or 


coprocessor unit is present in the system INULLshould 
be ORed 


with the FNULL and CNULL signals from these units. 


Floating-Point 
Interface 
Signals 


The floating-point/coprocessor 
unit interface is a dedicated group 


of connections between the CY7C611A and the CY7C602A. Note 
that no external circuits are required between the CY7C611A and 
the CY7C602A; all traces should connect directly. The interface 
consists of the following signals: 


FP. 
This signal indicat~ 
whether or not a floating-point 
unit 


exists in the system. The FP signal is norrnally pulled up to VDD 
by a resistor. It is grounded when the CY7C602A chip is Q!...esent. 
The integer unit generates a floating-point disable trap if FP = 1 
during 
the 
execution 
of 
a floating-point 
instruction, 
FBfcc 
instruction or floating-point 
load and store instructions. 


FCC[I:OJ, 
These bits are taken as the current condition code bits 
of the CY7C602A. They are considered valid if FCCV = 1. During 
the execution of the FBfcc instruction, the processor uses these bits 
to deterrnine whether the branch should be taken or not. FCC[I:O] 
are latched by the processor before they are used. 


FCCV. This signal should be asserted only when the FCC[I:O] bits 
are valid. The 
floating-point 
unit deasserts 
FCCV if pending 
floating-point 
compare 
instructions 
exist in the floating-point 
queue. 
FCCV is reasserted 
when the compare 
instruction 
is 


completed 
and the floating-point 
condition codes FCC[I:O] are 
valid. The integer unit will enter a wait state if FCCV is deasserted 
(i.e., FCCV = "0"). The FCCV signal is latched (transparentlatch) 
in the CY7C611A before it is used. 


FHOLD. 
This signal is asserted by the floating-point unit if a 
situation 
arises 
in 
which 
the 
CY7C602A 
cannot 
continue 


execution. The floating-point unit checks all dependencies in the 
Decode stage of the instruction and asserts FHOLD (if necessary) 
in the next cycle. This signal is used by the integer unit to freeze 
the instruction pipeline in the same cycle. The CY7C602A must 
eventually deassert FHOLD in order to unfreeze the integer unit's 
pipeline. The FHOLD signal is latched (transparent 
latch) in the 


CY7C611A before it is used. 


FEXC. 
Assertion of this signal indicates that a floating-point 


exception has occurred. 
FEXC must remain asserted until the 
integer unit takes the trap and acknowledges the CY7C602A via 
FXACK signal. Floating-point 
exceptions are taken only during 


the execution of floating-point instructions, FBfcc instruction and 
floating-point load and store instructions. 
FEXC is latched in the 
integer unit before it is used. 
The CY7C602A should deassert 
FHOLD 
if it detects an exception while FHOLD 
is asserted. 
In 
thiS case FEXC should be asserted a cycle before FHOLD 
is 
deasserted. 


INST. 
This signal is asserted by the integer unit whenever a new 


instruction is being fetched. 
It is used by the CY7C602A to latch 


the instruction on the D[31:0] bus into the CY7C602A instruction 
buffer. The CY7C602A needs two instruction buffers CO 1and D2) 
to save the last two fetched instructions. 
When INST is asserted 


a new instruction enters into the D 1buffer and the old instruction 
in DI enters into the D2 buffer. 


FLUSH. 
This signal is asserted by the integer unit and is used by 


the CY7C602A to flush the instructions in its instruction registers. 
This may happen 
when a trap is taken 
by the integer 
unit. 


Instructions that have entered into the floating-point 
queue may 


continue their execution if FLUSH is raised as a result of a trap 
or exception other than floating-point exceptions. 


FINSI. 
This signal is asserted by the integer init during the 


decode stage of a CY7C602A instruction if the instruction is in the 
D 1buffer of the CY7C602A chip. The CY7C602A uses this signal 
to latch the instruction 
in 01 
buffer 
into 
its execute 
stage 


instruction register. 


FINS2- 
This signal is asserted by the integer unit during the 


decode stage of a CY7C602A instruction if the instruction is in the 
02 buffer of the CY7C602A Chip. The CY7C602A uses this signal 
to latch the 
instruction 
in 02 
buffer 
into 
its execute 
stage 


instruction register. 


FXACK- This signal is asserted by the integer unit in order to 
acknowledge to the CY7C602A that the current 
FEXC trap is 


taken. The CY7C602A must deassert FEXC after it receives an 
asserted level of FXACK signal so that the next floating-point 
instruction does not cause a "repeated" 
floating-point 
exception 


trap. 


Miscellaneous 
I/O Signals 


These signals are used by the CY7C611A 
to control 
external 


events or to receive input from external events. This interface 
consists of the following signals: 


IRL{3:0J, 
The data on these pins defines the external interrupt 


level. IRL[3:0] =ססoo indicates that no external 
interrupts 
are 


pending. The integer unit uses two on-chip synchronizing latches 
to sample these signals on the rising edge of CLK. A given 
interrupt level must remain valid for at least two consecutive cycles 
to be recognized by the integer unit. IRL[3:0] = 1111 signifies an 
non-maskable 
interrupt. 
All other interrupt 
levels are maskable 


by the PIL field of the Processor State Register (PSR). 
External 


interrupts should be latched and prioritized by the external logic 
before they are passed to the integer unit. The external interrupt 
latches should keep the interrupts 
pending until they are taken 


(and acknowledged) by the integer unit. External interrupts can be 
acknowledged 
by software 
or by the 
Interrupt 
Acknowledge 


(INTACK) output. 


INTACK- 
This signal is asserted by the integer unit when an 
external interrupt is taken. 


RESET -Assertion 
of this pin will reset the integer unit. 
The 


RESET signal must be asserted for a minimum of eight processor 
clock cycles. After a reset, the integer unit will start fetching from 
address O. The RESET signal is latched by the integer unit before 
it is used. 


ERROR-This 
signal is asserted by the integer unit when a trap 


is encountered 
while traps are disabled via the ET bit in the PSR. 


In this situation the integer unit saves the PC and nPC registers, 
sets the It value in the TBR, enters into an error state, asserts the 
ERROR 
signal and then halts. 
The only way to restart the 
processor trapped in the error state, is to trigger a reset by asserting 
the RESET signal. 


TOE-This 
signal is used 
to force all output 
drivers of the 


processor chip into a high-impedance state. It is used to isolate the 
chip from the rest of the system for debugging purposes. 
Thispin 


should be tied LOW for normal operation. 


FPSYN -This 
pin is a mode pin which is used to allow execution 


of additional instructions in future designs. It should be normally 
kept de asserted 
(FPSYN = 0) to disable the execution of these 


instructions. 


eLK-CLK 
is a 50% duty-cycle clock used for clocking the 
CY7C611A's pipeline registers. It is HIGH during the first half of 
the processor cycle, and LOW during the second half. The rising 
edge of CLK defines the beginning of each pipeline stage in the 
CY7C611A chip. 
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Custom Module Capabilities 


Introduction 


Cypress's Multichip Products group is a leading supplier of custom 
memory and/or logic modules. This turnkey capability provides 
designers with a fast, low-risk solution for when they require the 
ultimate in system performance and density. Detailed information 
on standard modules can be found in the Static RAM, FIFO, and 
Module sections of this book. 


Packaging Guidelines 


High-density memory modules are now available in a wide variety 
of package styles that satisfy a variety of needs for high-perfor- 
mance system design. Since board space is a primary concern, the 
choice of a package style is important in meeting layout constraints 
as well as thermal and mechanical design objectives. 
Multichip 
Products currently 
supports 
several commonly 
used 


module technologies 
including plastic components 
on FR4 or 
polyimide substrate, and ceramic components mounted on ceram- 
ic substrates. Advanced technologies suitable for the demands of 
higher integration 
components 
are also available. 


The plastic technology 
employs plastic encapsulated, 
surface- 


mount components 
and an epoxy laminate (FR4 or polyimide) 


substrate. 
The plastic components 
can be SOJ, Sale, 
VSOP, 


TSOP, QFP, or other surface-mount 
packages. Die can also be 
mounted directly to the substrate and wire bonded to the substrate. 


The ceramic technology employs hermetic, ceramic-packaged de- 
vices mounted on a ceramic substrate. The components 
are typi- 


cally lead less chip carriers, but may include other package types. 
The ceramic substrate has a custom interconnect for the particular 
components 
it carries. The ceramic substrate and components of- 


fer improved thermal characteristics over the plastic modules. This 
makes these modules suitable for extended temperature 
range op- 


eration, such as in military applications. 


Common 
Packaging Options 


This section describes several com mon modu Ie packaging options 
availablc from Cypress. A summary table (Table 1) compares rela- 
tive board areas of each option based on a module with eight 
28-pin components. 


SIP 


The single in-line pin package, or SIp, is a vertically mounted mod- 
ule with a single row of pins along one edge for through-hole 
mounting. The SIP configuration is typically constructed with plas- 
tic-encapsulated 
components 
mounted on an FR4 or polyimide 
substrate, although ceramic SIPs are also used. The pins are on a 
lao-mil pitch. The vertical orientation 
and the mounting of com- 


ponents on both sides of the module can increase the componcnt 
density by a factor of four or more. 


Flat SIP 


The flat single in-line pin package, or FSIP, is virtually idcntical to 
the SIP except that the substrate is mounted in the horizontal rath- 
er than the vertical direction. When mounted to a circuit board, 
the flat SIP lies close and parallel to the board. Flat SIP modulcs 
save board area since they, like other modules, employ fine lead 
pitch surface-mount components on a high-density substrate. The 
flat SIP density 
approximates 
double-sided 
surface-mountcd 


boards with the advantage of a very low profile and improved mc- 
chanical stability over the vcrtical SIP. 


ZIP 


The zigzag in-line pin package, or ZIp, is vertically mounted and 
is usually built with plastic encapsulated 
components 
on an FR4 
or polyimide substrate. The ZIP module has pins along both sidcs 
of the substrate and the pins on alternate 
sides are staggered by 


50 mils. Adjacent pins on the same side of the substrate are sepa- 
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rated by 100 mils. The dual row of staggered pins allows a higher 
connection density than that of the SIP while maintaining 100-l11il 
minimum spacing between any adjacent pins. The ZIP isespecially 
useful in large pin count devices where the host board is designed 
with through-hole 
design rules. 


The single in-line memory module, or SIMM, is similar to the ZIP 
except that there are no pins for through-hole 
mounting. Instead, 


the bottom edge of the module is equipped with edge connector 
contacts that are plated to the substrate. The SIMM is dcsigned 
to plug into motherboard 
sockets. The contacts are on both sides 


of the substrate, and contacts directly opposite each other are con- 
nected together. SIMM edge connector contacts are on a 50-mil 
or 100-mil pitch. SIMMs allow greater system functionality and 
flexibility by allowing easy use of multiple densities and specd 
grades. 


Some module devices are available in both ZIP and SIMM pack- 
ages with the same form factor. The pin out is designed so that thc 
pinout and footprint of the SIMM socket matches the footprint of 
the ZIP module allowing ZIPs or SIMMs to be used interchangc- 
ably with only one board layout. The SIMM may be uscd in proto- 
typing to test different speed versions of a system and then rc- 
placed with a companion 
ZIP for production, or SIMMs may be 


used in production for flexibility in memory size or memory spced. 


The VDIp, or vertical dual in-line pin package, is a vertically 
mounted module with two rows of pins on 100-mil centers. Row 
to row spacing is 100mils, with pins of the two rows aligned directly 
across from one another. The dual rowofpins 
allows a higher con- 
nection density than that of the SIP while maintaining 
100-mil 
minimum spacing between any adjacent pins. VDIP may be either 
plastic or ceramic. The VDIP is useful in large pin count devices 
where the host board is designed with through-hole 
design rules. 


DIP 


The DIp, or dual in-line pin module, is a low-profile package with 
excellent 
mechanical 
ruggedness. 
The 
ceramic 
DIP is ideally 
suited for military applications. Plastic DIPs are often used when 
a low vertical profile is required. In some cases, the DIP device is 
intended to have an identical footprint and similar form factor to 
standard 
integrated 
circuit components 
and can provide larger 
memory capacity in the same footprint. 


PGA 


The PGA, or pin grid array, has an array of pins that are perpendic- 
ular to the package plane. These pins are arranged in a matrix on 
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central square that is normally devoid of pins. 


QUIP 


The QUIP, or quad in-line pin package, is very similar to the DIP 
package except that there is a dual row of pins along the package 
edge. In-row and row-to-row pin spacing is 100 mils with pins in 
adjacent rows aligned directly across form one another. The QUIP 
is a low-profile package with excellent mechanical 
ruggedncss, 


with the added advantage of higher pin density for the samc pack- 
age length. 


QFP 


The QFP, or quad flat pack, is a surface-mounted 
module. Gull 
wing pins extend out from the square package on all four sidcs and 
are formed to be coplanar with the package bottom. Lead pitches 
are typically 50 mils or smaller. 


Package Summary 


Table 1 summarizes the various characteristics of the packages dis- 
cussed above. 


Package 
lYpical Pin 
lYpical 
MiI[21 
Advantages 
Disadvantages 
Board Space 


lYpe 
Count 
Height!!! 
(sq. in.)[31 


Min. 
Max. 
Min. 
Max. 
FR4 
Cer 


SIP 
24 
50 
0.5 
0.9 
N 
Vertical orientation. 
FR4 or 
Limited pin count. 
1.2 
0.9 


ceramic technology. 


FSIP 
24 
50 
0.2 
0.4 
N 
Very low profile. Mechanical 
Lower density due to hori- 
2.7 
2.4 


stability. FR4 or ceramic 
zontal orientation. 
technology. 


ZIP 
24 
100 
0.5 
0.9 
N 
Vertical orientation. JEDEC- 
1.2 
N/A 


standard pinouts. Pinout 
compatible with SIMM. 


SIMM 
24 
100 
0.5 
0.9 
N 
Vertical orientation. 
Socket 
1.2 
N/A 


mounting. Pinout compatible 
with ZIP. 


VDlP 
36 
104 
0.5 
0.95 
Y 
Vertical orientation. 
1.2 
0.9 


DIP 
24 
60 
0.17 
0.37 
Y 
Low profile. Excellent me- 
Horizontal orientation. 
2.9 
2.9 


chanical ruggedness. 


QUIP 
48 
200 
y 
Low profile. Excellent me- 
Horizontal orientation. 
2.9 
2.9 


chanica! ruggedness. In- 
creased number of pins. 


QFP 
68 
144 
Y 
Surface mount. Low profile. 
Surface-mount 
technology re- 
3.1 
3.1 


Excellent mechanical rugged- 
qui red. Horizontal orienta- 


ness. Large number of pins 
tion. Components 
on one side 


in small area. 
only. 


PGA 
68 
144 
Y 
Large number of pins in 
Multilayer boards. Horizontal 
2.9 
2.9 


thru-hole technology. Low 
orientation. 
Components 
on 


profile. Excellent mechanical 
one side only. 
ruggedness. 


Notes: 
1. 
Minimum 
and maximum 
height arc given in inches. 
2. 
The Mil entry contains a Vies) or N(o) indicating if the package type is suitable for military applications. 
3. 
Board space roughly quantifies the main board area, in square inches, taken up by the module when the module contains eight, 28-pin components. 


Component 
Selection 


Cypress's Multichip Products group handles many types of compo- 
nents to build custom modules. Typically, any digital component 
that is available in surface-mount 
packaging can be used, but the 


module is not limited to this. Standard and custom modules in- 
clude SRAM, FlFOs, dual ports, EPROM, Flash, and E2pROM 
devices, combined or mixed. Logic may also be employed to pro- 
vide decoding, pipe lined storage, or extra drive capability. The 
CYMI461 and the CYMI540 are examples of such devices. In the 
CYMI461, sixteen 32K x 8 RAMs are arranged to form a 512K x 
8 module and the individual SRAMs are selected by an on board 
decode. The CYMI540 provides address and control buffering for 
a 256Kx 9 static RAM module so that only a single device load and 
capacitance is presented to the system. Other custom modules pro- 
vide for unusual memory word widths. The CYMI720 is a memory 
module specifically designed for 24-bit-wide DSP processors. 


ECL is also a logic family suitable for collecting into a module. Un- 
less the system is largely ECL, it makes sense to place the ECL 
components onto a module that is optimized for performance. De- 
livered as a tested component, the ECL module can be assembled 
into the system with high confidence of proper functionality. Typi- 
cal examples of custom ECL modules include wide ECI.rto-TTL 
translators and deep and/or wide ECL PROM or RAM memory 
arrays. 
More complex functions may also be integrated 
onto a custom 


module; e.g., processor subsystems, embedded within a system that 
are dedicated to specific functions. These functions may include 
several forms of memory, a microprocessor or DSP, communica- 
tion ports, and bus interface circuitry with possibly shared memory 
control. A custom module may also include an ASIC designed es- 
pecially to implement the desired function. One example of such 
a device is the CYM4241 deep FlFO. This device includes three 
high-speed SRAMs, a surface-mount 
50-MHz crystal oscillator, 
and a wire-bonded ASIC die on substrate that integrates the RAM 
interface control and port access arbitration. This combination of 
components yields a 64K by 9 FlFO in a single 28-pin DIP. By sim- 
ply changing the memory content, the device can be extended to 
256K by 9. 


Modules undergo complete characterization 
and qualification be- 


fore being released to production. 
Characterization 
includes the 


following: AC and DC characterization 
over voltage and tempera- 


ture, and complete custom specification review. Release to pro- 
duction requires a verified test program with test hardware and 
correlation 
samples, complete assembly drawings and approved 


parts list, production and test travelers, a formal design review, and 
customer approval. In production, custom (and standard) modules 
are built using fully tested components, 
and are rigorously tested 


before they are shipped. As an example of the rigorous production 
testing, memory modules are tested for all DC parametrics, all AC 
parametrics, and functionality. Functional testing includes a select 
set of memory pattern sensitivity tests. This complete testing al- 
lows the module to be treated by the user as a true component with 
a set of specifications that are guaranteed 
by the manufacturer. 


This saves time and effort during system manufacture 
and pro- 


vides a degree of reliability not obtainable from operations focused 
on only assembly. 


Future Technologies 


The ultimate in multichip technology is multiple die on a substrate 
that offers highly efficient interconnect 
and the densest multichip 


assembly technology. The technology is available now for multi- 
chip configurations with silicon chips on ceramic, epoxy laminate, 
and silicon substrates. 


Introduction 
to Modules 
for the New User 


The use of modules is growing rapidly since it is a vehicle for ob- 
taining high integration 
and high performance 
with minimal im- 
pact on cost. Almost every personal 
computer 
now has main 


memory as plug in SIMM packages constructed 
from surface- 


mount DRAM components. 
High-performance 
RISC and CISC 


CPU subsystems are available as modules where the supplier has 
optimized the component 
I/O design and the substrate layout for 


maximum performance 
amongst the tightly coupled components. 


Size is one obvious advantage of modules; their small size allows 
a function fit into a very small space. Consider the economics of 
having a large memory array together with the system CPU on a 
single card in contrast to the cost of multiple memory cards con- 
nected via a backplane bus and the resulting performance 
loss. In 
many cases, the module approach is a considerable savings in ma- 
terials and manufacturing cost by reducing the total number ofsys- 
tern cards. 


Applying the tight design rules of modules has its limitations. A 
module has line widths and spacings that support close packing of 
VSOP and die components, and these spacing/width design rules 
are at the limit of what can be handled by capable volume produc- 
tion substrate producers. The use of fully tested modules gives the 
density gain of tight design rules at economically attractive system 
manufacturing yields. Therefore in the manufacturing process, the 
module exhibits the characteristics of a monolithic device: high in- 
tegration, 
ease of application, 
and high system manufacturing 


yield. The module brings high-density surface-mount 
technology 


to the through-hole 
manufacturing 
environment. 


Performance 
is another significant gain obtainable 
from module 


application. Unfortunately 
this is the most difficult gain to quanti- 
fy. Consider a memory subsystem collected tightly around a CPU 
versus the same memory capacity spread over one or more boards. 
It seems intuitively plausible that the larger subsystem will be slow- 
er: the distance to travel is longer, and the memory address and 
data bus lines have larger capacitance due to their longer length 
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and the larger number of stubs on the lines. This is indeed the case. 
Many of the custom modules include buffers for reduced loading, 
registers for data pipelining, and simple or specialized decoders to 
ease system bus interfacing. Taken as a component, these modules 
typically exhibit higher capacitance than a monolithic component 
and incur about 5 ns additional delay for on board decoders or 
buffers. However, the module isfrom four to sixteen times as dense 
as through-hole 
monolithic devices and consequently 
achieve a 


net performance 
advantage. 


Custom Module Development 
Flow 


Multichip's focus is on providing turnkey memory modules. Figure 
1 illustrates the tasks performed 
during the development 
of the 


module. 


Module development 
commences 
with the generation 
of a de- 
tailed Objective Specification. The module is designed to this spec- 
ification, and once in production it will be guaranteed 
to perform 


as indicated in the Objective Specification. 


Components 
are selected while the specification is being gener- 


ated. In many cases, the spec is designed such that multiple sources 
of components can be utilized. Once the spec is complete and the 
components are selected, a schematic for the module is generatcd. 
The nellist from the schematic is used to drive the circuit simula- 
tor. 


Custom Module Development 
Flow (continued) 


During simulation, 
several types of analyses are performed. 
A 


function simulation is used to ensure that the module's logic is de- 
signed properly. Timing simulation is run to verify that the module 
will function when subjected to the worst-case timing delays of the 
components. Finally, thermal analysis may be performed to deter- 
mine the thermal characteristics of the module. 


The layout of the module is also nellist driven. An autorouter may 
be used, depending on the complexity and density of the module. 
Design rule checks are run to ensure that the layout does not vio- 
late any electrical or mechanical design rules. Finally, the layout 
output is used to generate the module substrate. 


The layout output is also used to drive the pick and place equip- 
ment. This ensures consistency between design and manufactur- 
ing. While the module prototypes 
are being assembled, the test 


program is generated and the test fIxture is constructed. Test pro- 
gram generation is largely automated, using as inputs the simula- 
tion outputs and pre-<lefIned test program subroutines 
for com- 


mon confIgurations. 


Once prototypes have been generated, the standard release proce- 
dure is initiated. This procedure includes steps such as bench test- 
ing, module characterization 
and qualifIcation, and fine tuning of 


the test program. Following customer approval of the module, it 
is released to production. 


Quoting Information 


In order to prepare a quotation or proposal, we need as much as 
possible of the following information: 


• 
Circuit schematic 


• 
Functional description 
• 
Mechanical dimensions required 
• 
Speed and power requirements 
• 
Prototype and production deadlines 
• 
Production quantity estimates 


• 
An engineering contact to answer questions 


Once the above information is received, a budgetary quotation will 
typically be provided within one to two weeks. 
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Features 


• 
High-density 
I-megabit 
SRAM 


module 


• 
High-speed CMOS SRAMs 
- Access time of 25 ns 


• 
Low active power 
- 
2.6W (max.) 


• 
SMD technology 


• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of 0.3 in. 


• 
Small PCB footprint 
- 
0.62 sq. in. 


Maximum Access Time (ns) 


Maximum Operating Current (mA) 


Functional Description 


The CYMl240 is a very high performance 
1-megabit static RAM module organized 
as 256K words by 4 bits. The module iscon- 
structed using four 256K x 1 static RAMs 
in lead less chip earriers mounted onto a ce- 
ramic substrate 
with pins. It is socket- 


comptaible 
with 
monolithic 
256K x 4 
SRAMs. 
Writing to the memory module is accom- 
plished when the chip select (CS) and write 
enable (WE) inputs are both LOW. Data 
on the four input/output pins (1100 through 


1/03) of the device 
is written 
into the 


memory location specified on the address 
pins (Ao through AI7). 


Reading the device is accomplishe<!Ertak- 
ing chip select (CS) LOW while WE re- 
mains inactive or HIGH. 
Under 
these 


conditions. the contents of the memory 10- 
eation specified on the address pins will 
appear on the appropriate data input/out- 
put pins. 


The data input/output 
pins .rs:main in a 


hi~pedance 
state when CS is HIGH 


or WE is LOW. 


DIP 


Top View 


Commercial 


Military 


Commercial 


Military 


1240-35 


35 


480 


480 


160 


160 


1240-45 


45 


480 


480 


160 


160 


• 


Maximum 
Ratings 
(Above which the useful life may be impaired.) 


Storage Temperature 
- 65°C to + 150°C 


Ambient Temperature 
with 
Power Applied 
-55°C to + 125°C 
Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State. . . . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


DC Input Voltage 
. 
Output Current into Outputs (LOW) . 


Operating 
Range 


- 0.5V to + 7.0V 


..... 
20 mA 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
-55°C to + 125°C 
5V ± 10% 


1240 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOl. 
Output HIGH Voltage 
Vcc = Min., IOH = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min., IOL = 8.0 mA 
0.4 
V 


VIII 
Input HIGH Voltage 
2.2 
Vcc 
V 


VIL 
Input LOW Voltage!!) 
-0.5 
0.8 
V 


Ilx 
Input Load Current 
GND..$.. VI..$..Vcc 
-20 
+20 
~A 


Ioz 
Output Leakage Current 
GND..$.. Vo..$.. Vcc, Output Disabled 
-60 
+60 
~A 


Ice 
Vcc Operating Supply 
Vcc = Max., lOUT= 0 mA, 
480 
mA 


Current 
CS < VIL 
IISDI 
Automatic CS Power-Down 
Vcc = Max.; CS ~ 
VIII, 
160 
mA 


Current 
Min. Duty Cycle = 100% 


IISD2 
Automatic CS Power-Down 
Vcc = Max.; CS ~ 
Vcc - 0.2V, 
80 
mA 


Current 
V'N < Vcc - 0.2V or VIN < 0.2V 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
30 
pF 


CoOT 
Output Capacitance 
Vcc = 5.0V 
25 
pF 


Nore.: 
1. 
Vn.{Min.)= -3.0V for pulse widths lessthan 20 ns. 


R1481n 
R1481n 
5V~ 
5V5n 
OUTPUT 
R2 
OUTPUT 
R2 
30 pF 
255n 
5 pF 
255n 


INCLUDING J 
_ 
INCLUDINGJ 
_ 


JIG AND 
- 
- 
JIG AND 
- 
- 


SCOPE 
SCOPE 


, 


THEVENINEQUIVALENT 


167n 
OUTPUT0>---"' 
••"'••.•---<0 
1.73V 


1240-25 
1240-30 
1240-35 
1240-45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
25 
30 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
25 
30 
35 
45 
ns 


tOHA 
Data 
Hold 
from 
Address 
Change 
3 
3 
3 
3 
ns 


tACS 
CS LOW 
to Data 
Valid 
25 
30 
35 
45 
ns 


tues 
CS LOW 
to Low 
Z 
3 
3 
3 
3 
ns 


tHzes 
CS HIGH 
to High 
ZI4J 
15 
15 
25 
25 
ns 


tru 
CS LOW 
to Power-Up 
0 
0 
0 
0 
ns 


tro 
CS HIGH 
to Power-Down 
25 
30 
35 
45 
ns 


WRITE 
CYCLEISI 


twc 
Write 
Cycle 
Time 
25 
30 
35 
45 
ns 


tscs 
CS LOW 
to Write 
End 
20 
25 
30 
35 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
20 
25 
30 
35 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
5 
5 
5 
5 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
2 
2 
2 
ns 


tPWE 
WE 
Pulse 
Width 
20 
20 
25 
30 
ns 


tso 
Data 
Set-Up 
to Write 
End 
15 
15 
20 
25 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
2 
2 
2 
2 
ns 


tLZWE 
WE 
HIGH 
to Low 
Z 
3 
3 
3 
3 
ns 


tHZWE 
WE 
LOW 
to High 
Z14] 
0 
15 
0 
15 
0 
20 
0 
25 
ns 


Notes: 
3. 
Test conditions assume signal transition times of 5 os or less, timing 
reference 
levels of 1.5Y, input levels of 0 to 3.0Y, and output loading 


of the specified IOLlIoH and 30-pF load capacitance. 


4. 
tllzes and tHzwE are specified with CL = 5 pF as in part (b) of AC 
Test Loads. Transition 
is measured 
± 500 mV from steady state volt- 


age. 
5. 
The internal write time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write, 


and either signal can terminate a write by going HIGH. The data input 
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set-up and hold timing should be referenced 
to the rising edge of the 


signal that terminates 
the write. 
6. 
WE is HIGII 
for read cycle. 


7. 
Device is continuously 
selected, 
CS = V1L. 


8. 
Address valid prior to or coincident 
with CS transition 
LOW. 


9. 
If CS goes HIGH 
siumultaneously 
with WE HIGH, 
the output 
re- 


mains in a high-impedance 
state. 


Switching 
Waveforms 


ADDRESS 


DATA OUT 
PREVIOUSOAT:;M 
:~~~~~~~~~~~~~~~~~~~~~~~~~OA~T~A~V~AL~IO~~~~~~~~~~~~~~~~~~~~= 
---*--- 


Switching Waveforms (continued) 


Read Cycle No. 216,8) 


Vcc 
SUPPLY 
CURRENT 


tPo~ 
---ICC 


50% 


156 


tso 


DATA-IN 
VAUD 
tHZWEJ 
~ 
HIGH IMPEDANCE 


CS 
WE 
Inputs/Outputs 
Mode 


H 
X 
HighZ 
Deselect/Power-Down 


L 
H 
Data Out 
Read 


L 
L 
Data In 
Write 


Ordering Information 


Speed 
(ns) 


25 
CYMl240HD-25C 
..J;W:M~~®.HP~M~·.·I· 


CYM1240HD-3OC 


.::·:.~M~~imHr!t;mM!l······ 


CYMl240HD-35C 


CYM 1240HD-35MB 


CYM 1240HD-45C 


CYMl240HD-45MB 


Package 
l)'pe 


HD07 


Operating 
Range 


Commercial 


HD07 


HD07 


HD07 


HD07 


Commercial 


Military 


Commercial 


Military 


• 


C"YPRESS 
SEMICONDUCTOR 


Features 


• 
High-density 
I-megabit 
SRAM 
module 
• 
High-speed CMOS SRAMs 
- Access time of 20 ns 


• 
32-pin, O.6-inch-wide DIP package 
• 
Low active power 
- 
1.2W (max.) 


• 
Hermetic or plastic SMD technology 
• 
TTI,compatible 
inputs and outputs 
• 
JEDEC-compatible 
pinout 
• 
Commercial 
and military 
temperature 
ranges 


Functional Description 


The CYMI420 is a very high performance 
I-megabit static RAM module organized 
as 128Kwords by 8 bits. The module iscon- 
structed using four 32K x 8 static RAMs 
mounted 
onto a substrate. 
A decoder is 
used to interpret the higher-order address- 
es A,. and A16 and to select one of the four 
RAMs. 
Writing to the memory module is accom- 
plished when the chip select (CS) and write 
enable (WE) inputs are both LOW. Data 
on the eight input/output pins (1100 
- I/07) 


is written into the memory locationspeci- 
fied on the address pins (Ao - A,.). 
Reading the device is accomplished by tak- 
i!]Lchip 
select (ffiand 
output 
enable 


(OE) LOW while WE remains inactive or 
HIGH. 
Under these conditions, the con- 


tents of the memory location specified on 
the address pins will appear on the eight 
input/output 
pins. 


The input/output 
pins remain in a high- 
impedance state unless the module is se- 
lected, outputs are enabled, and write en- 
able (WE) is HIGH. 


DIP 


Top View 


1· 
32 


2 
31 
3 
30 
• 
29 


5 
28 


6 
27 


7 
26 


8 
25 


9 
2' 


10 
23 


11 
22 


'2 
2' 
13 
20 


~ 
,. 
19 


'5 
18 ~ 
'6 
17 


Vcc 
A,s 
NC 
WE 
A'3 
A8 
A9 
A" 
LiE 


AIO 
~ 
1/07 
1/06 
1/05 
I/O. 
1/03 


1420-20 
1420-25 
1420-30 
1420-35 
1420-45 
1420-55 


Maximum Access Time (ns) 
····20 
25 
30 
35 
45 
55 


Maximum Operating Current (mA) 
Commercial 
210 
210 
210 
210 
210 
210 


Military 
. 
...... 
210i 
210 
210 
210 


Maximum Standby Current (mA) 
Commercial 
140 
140 
140 
140 
140 


Military 
i 
» 
14(j·'· 
,........ 
140 
140 
140 


Maximum 
Ratings 
(Above which the useful life may be impaired.) 


Storage Temperature 
- 65°C to + 150°C 
Ambient Temperature 
with 
Power Applied 
_10°C to +85°C 
(Commercial) 
-55°C to + 125°C (Military) 


Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 


~~y:~t¥~t~lt~ed 
.to.?~tputs 
_ 0.5V to + 7.0V 


DC Input Voltage 
- 0.5V to + 7.0V 


Output Current into Outputs (LOW) 
20 mA 


Operating 
Range 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
-55°C to + 125°C 
5V ± 10% 


1420 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., 10H = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., 10L = 8.0 mA 
0.4 
V 


VJH 
Input HIGH Voltage 
2.2 
Vee 
V 


VIL 
Input LOW Voltage 
-0.5 
0.8 
V 


Ilx 
Input Load Current 
GND < VI < Vee 
-10 
+10 
).LA 


loz 
Output Leakage Current 
GND < Vo < Vee, Output Disabled 
-10 
+10 
).LA 


los 
Output Short Circuit 
Vee = Max., VOUT= GND 
-300 
mA 
Currentfl] 


Ice 
Vee Operating Supply 
Yce = Max., lOUT= 0 mA, 
210 
mA 
Current 
CS < VIL 


IlS81 
Automatic CS Power-Down 
Max. Vee; CS > VJH 
140 
mA 
Currentl2] 
Min. Duty Cycle = 100% 


IlS82 
Automatic CS Power-Down 
Max. Vee; CS > Vee - 0.3V, 
80 
mA 


Currentl2] 
VIN > Vee - 03V or VIN < 0.3V 


Parameters 
Description 
Test Conditions 
Max. 
Units 
CIN 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
35 
pF 
CoUT 
Output Capacitance 
Vee = 5.0V 
40 
pF 


Notes: 
1. 
Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 
2. 
A pull-upresistor to Vee on the CS input is required to keep the de- 
vice deselected 
during Vcc power-up. 
otherwise ISBwill exceed values 


given. 
3. Testedon a samplebasis. 


R1 481n 
R1 481n 


OUTP~ 
~ 
R2 
OUTP~ 
~ 
R2 
,~~:Fl1 


2ssn 


,~.•~:Fl 1 
255n 


INCLUDING - 
- 
INCLUDINGJ 
_ 
JIG AND 
- 
- 
JIG AND 
- 
- 


SCOPE 
SCOPE 


(a) 


I 
Equivalentto: 
THEVENINEQUIVALENT 
167n 
OUTPUT0 
.Y. 
0 1.73V 


• 


-~ 
CYM1420 
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, 
SEMlCa'lDOC'I'a 


Switching Characteristics 
Over the Operating Rangel4J 


Parameters 
Description 
Units 


READ CYCLE 


tRC 
Read Cycle Time 
30 
ns 


tAA 
Address to Data Valid 
25 
30 
ns 


IoHA 
Data Hold from Address Change 
3 
3 
ns 


tAcs 
es LOW to Data Valid 
25 
30 
ns 


tOOE 
OE LOW to Data Valid 
10 
15 
ns 


tLZOE 
OE LOW to Low Z 
0 
0 
ns 


tHZDE 
OE HIGH to High Z 
10 
20 
ns 


tues 
es LOW to Low ZISJ 
3 
5 
ns 


tHZCS 
es HIGH to High ZIS.6) 
20 
20 
ns 


WRITE CYCLEI7) 


twc 
Write Cycle Time 
25 
30 
ns 


tscs 
CS LOW to Write End 
20 
25 
ns 


tAW 
Address Set-Up to Write End 
20 
25 
ns 


tHA 
Address Hold from Write End 
2 
5 
ns 


tSA 
Address Set-Up to Write Start 
5 
5 
ns 


tpwE 
WE Pulse Width 
20 
25 
ns 


tso 
Data Set-Up to Write End 
12 
18 
ns 


tHO 
Data Hold from Write End 
2 
3 
ns 


tLZWE 
WE HIGH to Low Z!5J 
0 
5 
ns 


tHZWE 
WE LOW to High ZIS.6) 
0 
10 
0 
15 
ns 


1420-35 
I 
1420-45 
1420-55 
I 
Parameters 
Description 
Min. 
Max. 
I 
Min. 
Max. 
Min. 
Max. 
I 
Units 


READ CYCLE 


tRe 
Read Cycle Time 
35 
45 
55 
ns 


tAA 
Address to Data Valid 
35 
45 
55 
ns 


IoHA 
Data Hold from Address Change 
3 
5 
5 
ns 


tACS 
CS LOW to Data Valid 
35 
45 
55 
ns 


tooE 
OE LOW to Data Valid 
18 
25 
30 
ns 


tLZOE 
OE LOW to Low Z 
0 
0 
0 
ns 


tHZDE 
OE HIGH to High Z 
20 
20 
25 
ns 


tues 
es LOW to Low Z(5) 
3 
5 
5 
ns 


tHZCS 
es HIGH to High ZI5.6) 
20 
20 
25 
ns 


WRITE CYCLEl7J 


twc 
Write Cycle Time 
35 
45 
55 
ns 


tses 
es LOW to Write End 
30 
40 
45 
ns 


tAW 
Address Set-Up to Write End 
30 
40 
45 
ns 


tHA 
Address Hold from Write End 
5 
5 
5 
ns 


tSA 
Address Set-Up to Write Start 
5 
5 
5 
ns 


tPWE 
WE Pulse Width 
25 
25 
30 
ns 


tso 
Data Set-Up to Write End 
18 
20 
25 
ns 


tHO 
Data Hold from Write End 
3 
5 
5 
ns 
tLZwE 
WE HIGH to Low ZISJ 
5 
5 
5 
ns 


tHZWE 
WE LOW to High ZIS.6J 
0 
15 
0 
15 
0 
25 
ns 


Switching WaveCorms11O} 


ADDRESS 


DATA OUT 
PREVIOUS 
DATAVAUO 
•.... 
O_A_TA_VA_U_O 
_ 
============*~- 


Vcc 
SUPPLY 
CURRENT 


tpo ---j 
--------------------------------~ ::: 


14;><H; • 


Notes: 
4. 
Test conditions assume signal transition times of 5 os or less, timing 
reference 
levels of I.Sv, input levels of 0 to 3.0V, and output loading 
of the specified 
IOLlIoH 
and 30-pF load capacitance. 


5. 
At any given temperature 
and voltage condition, 
tHZCS 
is less than 


tLZCS for any given device. These parameters are guaranteed and not 
100% tested. 
6. 
tHZCSand tHzwE are specified with CL = S pF as in part (b) of AC 
Test Loads. Transition 
is measured 
± SOO mV from steady state volt- 


age. 
7. 
The internal write time of the memory is defined by the overlap of CS 
LDW and WE LDW. Both signals must be LDW to initiate a write, 


and either signal can terminate a write by going HIGH. The data inpul 
set-up and hold timing should be reference 
to the rising edge of the 


signal that terminates the write. 


8. 
WE is HIGH 
for read cycle. 


9. 
Device is continuously 
selected, 
CS = V1L and OE 
= V1L. 


10. 
Address valid prior 
to or coincident 
with CS transition 
LOw. 


11. Data 1.0 will be high impedance 
if OE = VIH. 
12. If CS goes HIGH 
siumultaneously 
with WE HIGH, 
the output 
re- 


mains in a high-impedance state. 


tSD 


DATA~IN 
VALID 
tHZWE3I 
---J1 
HIGH 
IMPEDANCE 


CS 
OE 
WE 
Inputs/Outputs 
Mode 


H 
X 
X 
HighZ 
Deselect/Power-Down 
L 
L 
H 
Data Out 
Read 
L 
X 
L 
Data In 
Write 


L 
H 
H 
High Z 
Deselect 


Speed 
Package 
Operating 
(ns) 
Ordering 
Code 
'JYpe 
Range 


20 
CYM1420PD-2OC 
PDG5 
Commercial 


CYMl~2()HD-2OC 
. 
HD04 


.::.::. 
",. 
"" 


25 
CYM1420PD-25C 
PDG5 
Commercial 


CYM1420HD-25C 
HOG4 


3G 
CYM1420PD-3OC 
POG5 
Commercial 


CYM1420HD-3OC 
H004 


CYM1420RD-30MB 
RD04 
Military 
: 


35 
CYM1420PD-35C 
POG5 
Commercial 


CYM1420HO-35C 
H004 


CYM1420HD-30MB 
HD04 
Military 


45 
CYM1420PO-45C 
POG5 
Commercial 


CYM1420HD-45C 
HD04 


CYM1420HD-45MB 
H004 
Military 


55 
CYM 1420PO-55C 
POOS 
Commercial 


CYM1420HO-SSC 
HD04 


CYM1420HO-S5MB 
HOG4 
Military 


Features 


• 
High-density 
I-megabit 
SRAM 


module 
• 
High-speed CMOS SRAMs 
- Access time of 35 ns 


• 
Low active power 
-l.1W (max.) 


• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of 0.65 in. 


• 
Small PCB footprint 
-0.8 sq. in. 


Functional 
Description 


The 
CYMI422 
is a high-performance 


I-megabit static RAM module organized 
as 128Kwords by 8 bits. The module iscon- 
structed using four 32K x 8 static RAMs in 
SOICs mounted onto a single-sided multi- 
layer epoxy laminate board with pins. A 
decoder isused to interpret the higher-ord- 
er addresses (A,. and A16) and to select 
one of the four RAMs. 


Writing to the memory module is accom- 
plished when the chip select (CS) and write 
enable (WE) inputs are both LOW. Data 
on the eight input/output pins (VOo through 


I/07) is written into the memory location 
specified on the address pins (1\0 through 
A,.). 
Reading the device is accomplished by tak- 
i~chip 
select (~and 
output 
enable 


(OE) LOW while WE remains inactive or 
HIGH. Under these conditions. the con- 
tents of the memory location specified on 
the address pins will appear on the eight 
data input/output 
pins. 


The input/output 
pins remain in a high- 


impedance state unless the module is se- 
lected. outputs are enabled, and write en- 
able (WE) is HIGH. 


Pin Configuration 


SIP 
Component 
Side 


1422-35 
1422-45 
1422-55 


Maximum Access Time (ns) 
35 
45 
55 


Maximum Operating Current (mA) 
200 
200 
200 


Maximum Standby Current (mA) 
140 
140 
140 


Maximum 
Ratings 
(Above which the useful life may be impaired.) 


Storage Temperature 
- 65°C to + 150°C 


Ambient Temperature 
with 


PowerApplied 
_10°C to +90°C 
Supply Voltage to Ground Potential 
- O.SVto + 7.0V 


~~y~~t~~t~fePlied 
.t~.O.~t~u.ts 
_ O.SVto + 7.0V 


DC Input Voltage 
. 


Output Current into Outputs (LOW) .. 


Operating 
Range 


- O.SV to + 7.0V 


...... 
20 mA 


Range 


Commercial 


Ambient 
Temperature 


O°C to + 70°C 


Vee 
SV:!: 
10% 


1422 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
V 


V1L 
Input LOW Voltage 
-0.5 
0.8 
V 


II}{ 
Input Load Current 
GND.$.. VI.$.. Vee 
-15 
+ 15 
itA 


Ioz 
Output Leakage Current 
GND.$.. Va.$.. Vee, Output Disabled 
-15 
+ 15 
itA 


Ice 
Vee Operating Supply 
Ycc = Max., lOUT= 0 mA, 
200 
mA 
Current 
CS.$.. V1L 


IISBI 
Automatic CS Power-Down 
Max. Vcc; CS ..?. VIH 
140 
mA 
Currentlll 
Min. Duty Cycle = 100% 


IISB2 
Automatic CS Power-Down 
Max. Vcc; CS..?. Vcc - 0.3V, 
80 
mA 
Current(1] 
V1N > Vcc - 0.3V or V1N< 0.3V 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
40 
pF 


COUT 
Output Capacitance 
Vcc = S.OV 
35 
pF 


NOles: 
1. 
A pull-up resistor to Vcc on the CS input is required 
to keep the de- 
2. 
Tested on a sample basis. 


vice deselected during Vcc power-up, othelWise ISB will exceed values 
given. 


R1 481n 
R1 481n 


OUTP; 
~ 
R2 
OUTP; 
~ 
R2 
,~~:Fl1 
255n 


,~.•~:Fl 1 
255n 


INCLUDINGJ 
_ 
INCLUDINGJ 
_ 
JIG AND 
- 
- 
JIG AND 
- 
- 
SCOPE 
SCOPE 


(a), 
Equivalentto: 
THEVENINEQUIVALENT 
167n 
OUTPUT0 
.v. 
0 1.73V 


1422-35 
1422-45 
1422-55 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
35 
45 
55 
ns 


tAA 
Address 
to Data 
Valid 
0 
35 
45 
55 
ns 


tOHA 
Data 
Hold 
from 
Address 
Change 
3 
3 
3 
ns 


tAcs 
CS LOW 
to Data 
Valid 
35 
45 
55 
ns 


tOOE 
OE 
LOW 
to Data 
Valid 
20 
25 
30 
ns 


tlZOE 
OE 
LOW 
to Low 
Z 
3 
3 
3 
ns 


tHWE 
OE 
HIGH 
to High 
Z 
20 
20 
20 
ns 


tLZCS 
CS LOW 
to Low 
Z(4) 
3 
3 
3 
ns 


tHZCS 
CS HIGH 
to High 
ZI4,5) 
20 
20 
20 
ns 


tpu 
CS LOW 
to Power-Up 
0 
0 
0 
ns 


tpo 
CS HIGH 
to Power-Down 
35 
45 
55 
ns 


WRITE 
CYCLEI6] 


twc 
Write 
Cycle 
Time 
~- 
= 
35 
45 
55 
ns 


tscs 
CS LOW 
to Write 
End 
30 
40 
45 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
30 
40 
45 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
5 
5 
5 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
5 
5 
5 
ns 


tpWE 
WE 
Pulse 
Width 
25 
35 
35 
ns 


tso 
Data 
Set-Up 
to Write 
End 
20 
20 
20 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
3 
5 
5 
ns 


tLzwE 
WE 
HIGH 
to Low 
ZI41 
3 
3 
3 
ns 


tHzwE 
WE 
LOW 
to High 
Z[4,51 
0 
20 
0 
25 
0 
25 
ns 


Notes: 
3. 
Test conditions assume signal transition times of 5 os or less, timing 
reference 
levels of 1.5Y, input levels of 0 to 3,OV,and output loading 


of the specified IodIoH 
and 30-pF load capacitance, 


4, 
At any given temperature 
and voltage condition, 
tHZCS is less than 


tLZCS for any given device. These parameters are guaranteed and not 
100% tested, 
5, 
tHZCSand tHzwE are specified with CL = 5 pF as in part (b) of AC 
Test Loads, 'Iransition 
is measured 
±500 
mV from steady state volt- 


age, 
6, 
The internal write time of the memory is defined by the overlap of CS 
WW and WE Ww. Both signals must be WW to initiate a write, 


and either signal can terminate 
a write by going HIGH, The data input 


set-up and hold timing should be referenced 
to the rising edge of the 


signal that terminates the write. 
7, 
WE is HIGH 
for read cycle, 
8, 
Device is continuously 
selected, 
CS = V'L and OE = V1L, 


9, 
Data 110 will be high impedance 
if OE 
= V1H, 


10. Address valid prior to or coincident 
with CS transition 
Ww. 


II. 
If CS goes HIGH 
siumultaneously 
with WE HIGH, 
the output 
re- 


mains In a high-impedance state. 


---*-- 


_____ 
P_R_EVlO_U_S_o_A_"AVAUO 
o_A_"_A_VA_U_o 
_ 


Switching 
Wavdorms 
(continued) 


Read Cycle No. 2[7, 101 


Vcc 
SUPPLY 
CURRENT 


tpD =-1 
------------------------------~ ::: 


t 


HZWE :Q 
DATA UNDEFINED 
' 
HIGH 
IMPEDANCE 
-------------------------- 


CS 
OE 
WE 
Inputs/Outputs 
Mode 


H 
X 
X 
High Z 
Deselect/Power-Down 


L 
L 
H 
Data Out 
Read 


L 
X 
L 
Data In 
Write 


L 
H 
H 
HighZ 
Deselect 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
'TYpe 
Range 


35 
CYM1422PS-35C 
PS03 
Commercia) 


45 
CYM1422PS-45C 
PS03 
Commercia) 


55 
CYM1422PS-55C 
PS03 
Commercia) 


• 


Features 


• 
High-density 
I-megabit 
SRAM module 


• 
High-speed CMOS SRAMs 
- 
Access time of 45 ns 
• 
32-pin, O.6-inch-wide DIP package 


• 
JEDEC-compatible 
pinout 


• 
Low active power 
- 
1.2W (max.) 


• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Commercial 
temperature 
range 


• 
Small PCB footprint 
- 
1.1 sq. in. 


Functional 
Description 


The CYMI423 is a high-performance 
I-megabit static RAM module organized 
as 128K words by 8 bits. This module is 
constructed using four 64K x 4 static 
RAMs in SOJ packages mounted onto an 
epoxy laminate board with pins. A de- 
coder is used to interpret the higher-<>rder 
address and select two of the four RAMs. 


Writing to the module is accomplished 
when the chip select (CS) and write en- 
able (WE) inputs are both LOW. Data on 
the eight input/output 
pins (1100 through 
I/O,) of the device is written into the 


128K X 8 Static RAM 
Module 


memory location specified on the addrcss 
pins (Ao through A,6). Reading the devicc 
is accomplished by taking chip select (CS) 
and out~enable 
(OE) LOW, while write 


enable (WE) rcmains inactive or HIGH. 
Under these conditions, the contents of 
the memory location specified on the ad- 
dress pins (Ao through A,6) will appcar on 
the eight input/output 
pins (1/00 through 


I/O,). 
The input/output 
pins remain in a high- 


impedance state unless the module is 
selected, outputs are enabled, and write 
enable (WE) is HIGH. 


DIP 


Top View 


NC 
, 


A'6 
2 
A'4 
3 


A'2 
4 
A, 
5 
As 
6 
As 
' 
A4 
8 
A3 
9 
A2 
'0 
A, 
11 
Ao 
'2 


1/00 
13 
I/O, 
14 
1/02 
15 
GND 
16 


Vcc 
A'5 
NC 
WI: 
A'3 
As 
Ag 
a' 
AlO 
~ 
I/O, 
1/06 
1/05 
1/04 
1/03 


1423PD-45 
1423PD-55 
1423PD-70 


Maximum Access Time (ns) 
45 
55 
70 


Maximum Operating Current (mA) 
210 
210 
210 


Maximum Standby Current (mA) 
80 
80 
80 


-=---- 


. 
,~ 
CYM1423 
-====r, 
SEMlCCtIDlJCICI ==================================== 
Maximum 
Ratings 


(Above which the useful life may be impaired) 


Storage Temperature 
-45·C to + 150·C 


Ambient Temperature 
with 


PowerApplied 
-10°C to +85°C 


Supply Voltage to Ground Potential. 
. . . . . . .. 
-0.3V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
-o.3V to + 7.0V 


DC Input Voltage 
-0.3V to + 7.0V 


Range 
Ambient 
VCC 
Temperature 


Commercial 
O°C to +70°C 
5V ± 10% 


CYM1423PD 
Parameters 
Description 
Test Conditions 
Units 


Min. 
Max. 


Vall 
Output HIGH Voltage 
VCC = Min., IOH = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
VCC = Min., IOL = 16.0 mA 
0.4 
V 


\lH 
Input HIGH Voltage 
2.2 
VCC 
V 


\lL 
Input LOW Voltage 
-0.3 
0.8 
V 


IIX 
Input Load Current 
GND.s. 
Yt .s. Vcc 
-10 
+ 10 
IJ.A 


Ioz 
Output Leakage Current 
GND .s. Vo.s. Vee, Output Disabled 
-10 
+10 
IJ.A 


Ice 
Vee Operating 
Supply 
Yl:;:e= Max., lOUT = 0 mA, 
210 
mA 
Current 
CS.s. VIL 


IsBl 
Automatic CS Power- 
Vee = Max., CS 2.. VIH, 
80 
mA 
Down Current 
Min. Duty Cycle = 100% 


ISB2 
Automatic CS Power- 
Vee = Max., CS 2.. \te 
- 0.2V, 
80 
mA 
Down Current 
VIN 2.. Vee - 0.2V or YtN .s. 0.2Y 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
35 
pF 


COUT 
Output Capacitance 
Vee= 
5.0V 
25 
pF 


Note: 
1. Tested on a sample basis. 


AC Test Loads and Waveforms 


250il 
250il 


OUTP:~ 
OUTP:~ 


"~,.,~1 
30 
pF1 


169il 
"~,..~ 15 
pF 1 
169il 


INCLUDING J 
_ 
INCLUDING J 
_ 


JIG AND 
- 
- 
JIG AND 
- 
- 


SCOPE 
SCOPE 


ALL INPUT PULSES 


90% 


• 


14231'D-4S 
1423PD-SS 
1423PD-70 


Parameters 
Description 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
45 
55 
70 
ns 


tAA 
Address 
to Data 
Valid 
45 
55 
70 
ns 


toHA 
Data 
Hold 
from 
Address 
Change 
5 
5 
5 
ns 


tACS 
CS LOW 
to Data 
Valid 
45 
55 
70 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
20 
30 
35 
ns 


tLZOE 
OE 
LOW 
to LOW 
Z 
5 
5 
5 
ns 


tHZOE 
OE 
HIGH 
to High 
Z 
20 
25 
30 
ns 


tLZCS 
CS LOW 
to Low Z 
5 
5 
5 
ns 


tHZCS 
CS HIGH 
to High 
Z(3J 
20 
25 
30 
ns 


WRITE 
CYCLE 


twc 
Write 
Cycle 
Time 
45 
55 
70 
ns 


tscs 
CS LOW 
to Write 
End 
40 
45 
60 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
40 
45 
60 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
from 
Write 
Start 
0 
0 
0 
ns 


tpWE 
WE 
Pulse 
Width 
35 
35 
40 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
35 
35 
40 
ns 


tHD 
Data 
Hold 
from 
Write 
End 
2 
2 
5 
ns 


tLZwE 
WE 
HIGH 
to Low Z 
5 
5 
5 
ns 


tHzwE 
WE 
LOW 
to High 
Z (3J 
0 
15 
0 
25 
0 
30 
ns 


Notes: 
2. 
lest conditions 
assume signal transition 
times of 5 os or less, timing 
reference 
levels of l.SY, input levels of 0 to 3.0V and output loading 


of the specified 10dloH 
and 30-pF load capacitance. 
3. 
tHZCS and tHzWE are specified 
with CL = 5 pF as in part (b) of 


AC Test Loads. 1tansition 
is measured 
± 500 mV from steady state 


voltage. 


4. 
The internal write time of the memory is defined by the overlap ofCS 
LOW and WE LOW. Both signals must be LOW to initiate awrite and 
either signal can terminate 
a write by going HIGH. The data input 


set-up and hold timing should be referenced 
to the rising edge of the 


signal that terminates 
the write. 


5. 
WE is HIGH 
for read cycle. 


6. 
Device is continuously 
selected, 
CS = V1L and OE 
= V1L• 


7. 
Address valid prior to or coincident 
with CS transition 
low. 


8. 
Data 1/0 will be high impedance 
if OE = VtH. 


9. 
IfCS goes HIGH simultaneously 
with WE HIGH, the output remains 


in a high-impedance 
state. 


Switching Waveforms 


Read 
Cycle 
No.1 
(5, 6J 
---{= 
tRC 
-ci,~~~ 


_____ 
PR_EV_'_OU_S_D_A_TAVAUO~~~~~~~~~~~~~~~~~~~~~~~~~~D~A~TA~~VA~L~ID~~~~~~~~~~~~~~~~~~~~~ 
*-- 


Switching Waveforms (continued) 


Read 
Cycle 
No. 215,7) 


~ 
tRC 


~ 
-l'- 


lACS 


-' ... 
- 


lOOE 
-- 
11Z0E- 
ILZOE 
I 
IHZCS 


HIGH IMPEDANCE 
F 
F 
HIGH 
IMPEDANCE 


DATAVAUO 
f4-- 
ILZCS- 


ISD 


DATA-IN 
VAUD 


• 


· 
;~ 
CYM1423 
=w::::::r, 
~ 
======================================================================== 


CS 
WE 
OE 
Input/Outputs 
Mode 


H 
X 
X 
High Z 
Deselect/Power-Down 


L 
H 
L 
Data Out 
Read 
L 
L 
X 
Data In 
Write 


L 
H 
H 
HighZ 
Deselect 


Speed 
Ordering Code 
Package 
Operating 
lYpe 
Range 


45 
CYMI423PD-45C 
PDOI 
Commercial 


55 
CYMI423PD-55C 
PDOI 
Commercial 


70 
CYMI423PD-7OC 
PDOI 
Commercial 


~_.~ 
-:a CYPRESS 
F 
SEMICONDUCTOR 


Features 


• 
High-density 
2-megabit SRAM 
module 
• 
High-speed CMOS SRAMs 
- Access time of 25 ns 


• 
Low active power 
- 
5.3W (max.) 


• 
SMD technology 
• 
Separate 
Data I/O 
• 
60-pin ZIP package 
• 
TTI,compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of 0.5 in. 


• 
Small PCB footprint 
- 
1.14 sq. in. 


Pin Configuration 


ZIP 


Top View 


(OPEN) POo 
GNO 


NC 
PO, (GNO) 


Vcc 
NC 


010 
014 


000 
004 
NC 
Ao 
A, 
A2 
256K x 1 
A4 
A3 


SRAM 
Ao 
As 


GNO 
A7 • 


01, 
Ols 


DO, 
DOs 


004 - 007 
WE 
Vcc 


Ag 
Ae 


<::SL 
NC 


NC 
<::SU 


NC 
NC 


256K x 1 
Vcc 
NC 


SRAM 
012 
Ole 


002 
OOa 
GNO 
A,o 
A" 
A'2 


000 
- 003 
A'4 
A'3 


A,a 
A,s 


NC 
Au 


013 
017 
1441-' 
007 
003 
Vcc 
NC 
NC 
NC 


Vss 
NC 
1441-2 


Functional Description 


The CYMl441 is a very high performance 
2-megabit static RAM module organized 
as 256K words by 8 bits. The module is con- 
structed using eight 256K x 1 static RAMs 
in SOJ packages mounted onto an epoxy 
laminate substrate with pins. Two chip se- 
lects (CSL and CSu) are used to indepen- 
dently enable the upper and lower 4 bits of 
the data word. 


Writing to the memory module is accom- 
plished when the chip select (CS) and write 
enable (WE) inputs are both LOW. Data 
on the eight input pins (Dlo through DI7) is 
written 
into the memory 
location speci- 


fied on the address pins (Ao through A,7). 


014 - 017 


<::SL 


Reading the device is accomplished by tak- 
ing ch~elect 
(CS) LOW while output en- 


able (OE) and write enable WE remain in- 
active or HIGH. 
Under these conditions. 


the contents of the memory location speci- 
fied on the address pins will appear on the 
appropriate data output pins (DOo through 
D07). 
The data output 
pins remain in a high- 


impedance state unless the module is se- 
lected, outputs are enabled, and write en- 
able (WE) is HIGH. 


Two pins (pDo and PD,) are used to iden- 
tify module 
memory density in applica- 


tions wehre alternate 
versions of the JE- 


DEC-standard 
modules 
can 
be 
inter- 
changed. 


1441-25 
1441-35 
1441-45 


Maximum Access Time (ns) 
25 
35 
45 


Maximum Operating 
Current (mA) 
960 
960 
960 


Maximum Standby Current (mA) 
320 
320 
320 


Maximum Ratings 
(Above which the useful life may be impaired.) 


Storage Temperature 
- 55°C to + 125°C 


Ambient Temperature 
with 


Power Applied 
-10°C to +85°C 


Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 


~~y~~t~~t~fePlied 
.to.?~t~.u.ts 
_ O.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


I 
Ambient 
Range 
Temperature 
Vee 


I 
Commercial 
O°C to + 70°C 
5V ± 10% 


1441 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., 10H = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., 10L = 12.0 mA 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
V 


V'L 
Input LOW Voltage(1] 
-0.5 
0.8 
V 


I", 
Input Load Current 
GND oS.V,oS. Vee 
-80 
+80 
IJ.A 


loz 
Output Leakage Current 
GND oS.Vo oS.Vee, Output Disabled 
-50 
+50 
IJ.A 


Ice 
Vee Operating Supply 
Y.ce = Max., lOUT= 0 mA, 
960 
mA 


Current 
CS oS.V'L 


l,sB' 
Automatic CS Power-Down 
Max. Vee; CS ~ VIH 
320 
mA 


Current 
Min. Duty Cycle = 100% 


l,sB2 
Automatic CS Power-Down 
Max. Vee; CS ~ 
Vee - 0.2V, 
160 
mA 


Current 
VIN~ 
Vee - 0.2V or V'N oS.0.2V 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
60 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
15 
pF 


Notes: 
1. 
V'l(MIN) = -3.0V for pulse widths less than 20 ns. 


AC Test Loads and Waveforms 
R1481n 
R1481n 


5V3=t 
5V5f1 
OUTPUT 
R2 
OUTPUT 
R2 
30 pF 
255n 
5 pF 
255n 


INCLUDINGJ 
_ 
INCLUDINGJ 
_ 
JIGAND 
- 
- 
JIGAND 
- 
- 
SCOPE 
SCOPE 


ALLINPUTPULSES 


90% 


(a) 


I 
Equivalentto: 
THEVENINEQUIVALENT 
167n 
OUTPUT0 
N> 
0 1.73V 


1441-25 
1441-35 
1441-45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
25 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
25 
35 
45 
ns 


!aHA 
Data 
Hold 
from 
Address 
Change 
3 
3 
3 
ns 


tACS 
CS LOW 
to Data 
Valid 
25 
35 
45 
ns 


tLzcs 
CS LOW 
to Low 
Z 
3 
3 
3 
ns 


tHZCS 
CS HIGH 
to High 
Zl41 
15 
25 
30 
ns 


tpu 
CS LOW 
to Power-Up 
0 
0 
0 
ns 


tpo 
CS HIGH 
to Power-Down 
25 
35 
45 
ns 


WRITE 
CYCLElSI 


twc 
Write 
Cycle 
Time 
25 
35 
45 
os 


tscs 
CS LOW 
to Write 
End 
20 
30 
35 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
20 
30 
35 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
~~ 
2 
2 
2 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
2 
ns 


tpWE 
WE 
Pulse 
Width 
20 
25 
30 
ns 


tso 
Data 
Set-Up 
to Write 
End 
15 
20 
20 
os 


tHO 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tLZWE 
WE 
HIGH 
to Low 
Z 
3 
3 
3 
ns 


tHZWE 
WE 
LOW 
to High 
ZI41 
0 
15 
0 
20 
0 
25 
ns 


Notes: 
3. 
lest conditions 
assume signal transition 
times of 5 os or less. timing 


reference 
levels of l.SY, input levels of 0 to 3.0V, and output loading 


of the specified IOLlloH and 30-pF load capacitance. 
4. 
tHzcs and tHZWEare specified with CL = S pF as in part (b) of AC 
Test Loads. Thansition is measured 
± SOOmV from steady state volt- 


age. 
S. 
The internal write time of the memory is defined by the overlap of CS 
WW and WE WW. Both signals must be WW to initiate a write, 


and either signal can terminate 
a write by going HIGH. The data input 
8 


set-up and hold timing should be referenced 
to the rising edge of the 


signal that terminates 
the write. 


6. 
WE is HIGH 
for read cycle. 


7. 
Device is continuously 
selected, 
CS = V1L and OE = VIL. 


8. 
Address valid prior to or coincident 
with CS transition Ww. 


9. 
If CS goes HIGH 
siumultaneously 
with WE HIGH, 
the output 
re- 


mains in a high-impedance 
state. 


Switching Waveforms 


ADDRESS 


DATA OUT 
PREVlOUS oATAVAUO 
o_A_T_A_VA_U_o 
_ 
---*-- 


Switching Waveforms (continued) 


Read 
Cycle 
No. 2[6.81 


Vcc 
SUPPLY 
CURRENT 


tLles 
_____ t_pu_j-SO-%---------------------------t-p-O .. 
1:t---::~ 


tlZWE --1 


HIGH 
IMPEDANCE 
4:::::::::::: 


tHZWEJ 
DATA UNDEFINED 
' 
HIGH 
IMPEQANCE 
-------------------------- 


CS 
WE 
Inputs/Outputs 
Mode 


H 
X 
HighZ 
Deselect/Power-Down 


L 
H 
Data Out 
Read 


L 
L 
Data In 
Write 


L 
H 
HighZ 
Deselect 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


25 
CYM 1441PZ-25C 
1'Z04 
Commercial 


35 
CYMl441PZ-35C 
PZ04 
Commercial 


45 
CYMl441Pz...45C 
PZ04 
Commercial 


Features 


• 
High-density 4-megabit SRAM module 


• 
High-speed CMOS SRAMs 
- Access time of 35 ns 


• 
Low active power 
- 
3.4W (max.) 


• 
Double-sided SMD technology 


• 
TTL-compatible 
inputs and outputs 


• 
Low profile version (pF) 


- 
Max. height of .345 in. 
• 
Small footprint 
SIP version (PS) 
- 
PCB layout area of 1.2 sq. in. 


Functional 
Description 


The CYMI460 is a high-performance 
4-megabit static RAM module organized 
as 5I2K words by 8 bits. This module is 
constructed from sixteen 32K x 8 SRAMs 
in plastic surface mount packages on an 
epoxy laminate board with pins. Two 
choices of pins are available for vertical 
(PS) or horizontal (PF) through-hole 
mounting. On-board decoding selects 
one of the sixteen SRAMs from the high- 
order address lines, keeping the remaining 
fifteen devices in standby mode for mini- 
mum power consumption. 
An active LOW write enable signal (WE) 
controls the writing/reading operation of 


)lLK 
X ~ ~tatIC 
.KANl 


Module 


the memory. When MS and WE inputs arc 
both LOW, data on the eight data 
input/output 
pins is written into the 


memory location specified on the address 
pins. Reading the device is accomplished 
by seleet~ 
the device and enabling the 


~uts, 
MS and OE, active LOW, while 


WE remains inactive or HIGH. Under 
these conditions, the content of the loca- 
tion addressed by the information 
on the 


address pins is present on the eight data 
input/output 
pins. 
The input/output 
pins remain in a high- 
impedance state unless the module is 
selected, outputs are enabled, and write 
enable (WE) is HIGH. 


Pin Configuration 


SIP 


14601'S-35 
14601'S-45 
14601'S-55 
14601'S-70 


14601'F·35 
14601'F-45 
14601'F-55 
14601'F-70 


Maximum Access Time (ns) 
35 
45 
55 
70 


Maximum Operating 
Current (mA) 
625 
625 
625 
625 


Maximum Standby Current (mA) 
560 
560 
560 
560 


·,~ 
= 
= CYPRESS 
CYM1460 
=--, SEMlCCtlDOC'I'C 
===================================;;;;; 


Maximum Ratings 
(Above which the useful life may be impaired) 


Storage Temperature 
-65°C to + 1500C 


Ambient Temperature 
with 
Power Applied 
O°Cto 
+70°C 


Supply Voltage to Grou nd Potential . . . . . . . .. 
--{).5Vto + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. . . . . . . . . . . . . . . . . . . . . . . . . .. 
--{).5Vto + TOV 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . . . .. 
--{).5Vto + 7.0V 


Electrical Characteristics 
Over the Operating Range 


Range 
Ambient 
VCC 
Temperature 


Commercial 
O°C to +70°C 
5V ± 10% 


CYM1460 
Parameters 
Description 
Test Conditions 
Units 


Min. 
Max. 


VOH 
Output HIGH Voltage 
VCC = Min., IOH = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vce = Min., IOL = 8.0 mA 
0.4 
V 


\1H 
Input HIGH Voltage 
2.2 
Vee 
V 


\1L 
Input LOW Voltage 
--{).5 
0.8 
V 


IIX 
Input Load Current 
GND < VI < Vec 
-20 
+20 
!J.A 


Ioz 
Output Leakage Current 
GND.5,. VI .5,.Vec 
-20 
+20 
!J.A 
Output Disabled 


Ice 
Vee Operating 
Vee = Max., MS .5,.VIL 
625 
mA 
Supply Current 
lOUT = OmA 


ISHl 
Automatic MS 
Max. Vee, MS 2 VIH, 
560 
mA 
Power-Down Current 
Min. Duty Cycle = 100% 


IsH2 
Automatic MS 
Max. Vee, MS 2 'te 
- 0.2Y, 


Power-Down Current 
VIN 2 Vce - 0.2V or 
320 
mA 


VIN < 0.2V 


Parameters 
Description 
Test Conditions 
Max. 
Unit 


CIN 
Input Capacitance 
TA = 25°C, f = 1 MHz 
120 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
180 
pF 


Notes: 
1. 
Tested on a sample basis. 


R1 481.0. 
R1 481.0. 
5V:Fi 
5V~ 
O~P~ 
O~P~ 


30 pF 
~~ 
5 pF 
~~5.n 


INCLUDINGr 
- 
INCLUDINGr 
_ 
JIG AND 
- 
- 
JIG AND 
- 
- 
SCOPE 
SCOPE 


, 
Equivalentto: 
THEVENINEQUIVALENT 


O~P~ 
0 
t~'o' 
0 1.73V 


• 


1460PS·35 
1460PS·45 
1460PS·55 
1460PS·70 


Parameters 
Description 
1460PF·35 
1460PF·45 
1460PF·55 
1460PF·70 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
35 
45 
55 
70 
ns 


tM 
Address 
to Data 
Valid 
35 
45 
55 
70 
ns 


toHA 
Data 
Hold 
from 
Address 
Change 
3 
3 
3 
3 
ns 


tAMS 
MS LOW 
to Data 
Valid 
35 
45 
55 
70 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
15 
20 
25 
30 
ns 


tLZOE 
OE 
LOW 
to Low 
Z 
0 
0 
0 
0 
ns 


tHZOE 
OE 
HIGH 
to High 
ZI31 
15 
25 
25 
30 
ns 


tLZMS 
MS LOW 
to Low 
Z14] 
5 
5 
5 
5 
ns 


tHZMS 
MS HIGH 
to High 
Z(3·41 
15 
20 
25 
35 
ns 


WRITE 
CYCLE 
[51 


twc 
Write 
Cycle 
Time 
35 
45 
55 
70 
ns 


tSMS 
MS LOW 
to Write 
End 
30 
40 
50 
60 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
30 
40 
50 
60 
os 


tHA 
Address 
Hold 
from 
Write 
End 
5 
5 
5 
5 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
5 
5 
5 
5 
ns 


tpwE 
WE 
Pulse 
Width 
25 
30 
40 
55 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
15 
20 
25 
30 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
5 
5 
5 
5 
ns 


tHzwE 
WE 
LOW 
to High 
Z[31 
15 
20 
25 
25 
ns 


tLZwE 
WE 
HIGH 
to Low 
Z 
3 
3 
3 
3 
ns 


Notes: 


2. 
Test conditions 
assume signal transition 
times of 5 ns or less, timing 
reference 
levels of 1.5V, input levels of 0 to 3.0V and output loading 


of the specified fOLlloH and 30-pF load capacitance. 


3. 
tHWE, 
tHZMSand tHzwE are specified with CL = 5 pF as in part (b) 
of AC Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 


4. 
At any given temperature 
and voltage condition, 
tHZMSis less than 


tLZMS 
for any given device. These 
parameters 
are guaranteed 
and not 


100% tested. 
5. 
The internal write time of the memory is defined by the overlap of MS 
WW and WEWW. 
Both signals must be WW to initiate a write and 


either signal can terminate 
a write by going HIGH. 
The data input 


set-up and hold timing should be referenced 
to the rising edge of the 
signal that terminates 
the write. 
6. 
WE is HIGH 
for read cycle. 


7. 
Device is continuously 
selected. 
OE, MS = V,L. 


8. 
Address valid prior to or coincident 
with MS transition ww. 


9. 
Data 1/0 is HIGH 
impedance 
if OE = VIH. 


10. If MS goes HIGH 
simultaneously 
with WE HIGH, 
the output 
reo 


mains in a high-impedance state. 


*- 


Switching Waveforms (continued) 


Read Cycle No. 216,8J 


tHZOE 


tHZMS 


HtGH 
IMPEDANCE 
DATAVAUo 


1460-8 


twc 


tSMS 


tAW 


tpwE 


tso 
tHO 


DATA-IN 
VAUD 


tHZWE~ 
t~E~ 
• 


HIGH 
IMPEDANCE 


1460·9 


twe 


ISMS 


tPWE 


Iso 


DATA-IN VAUD 


IHZWEl 
HIGH IMPEDANCE 


1460-10 


MS 
WE 
OE 
Input/Outputs 
Mode 


H 
X 
X 
HighZ 
Deselect/Power-Down 
L 
H 
L 
Data Out 
Read 
L 
L 
X 
Data In 
Write 
L 
H 
H 
HighZ 
Deselect 


Speed 
Ordering Code 
Package 
Operating 
Type 
Range 


35 
CYM 14QOPS-35C 
PS05 
Commercial 


CYMl4QOPF-35C 
PF03 


45 
CYMl4QOPS-45C 
PS05 
Commercial 


CYMl4QOPF-45C 
PF03 


55 
CYMl4QOPS-55C 
PS05 
Commercial 


CYMl4QOPF-55C 
PF03 


70 
CYMl4QOPS-7OC 
PS05 
Commercial 


CYM14QOPF-7OC 
PF03 


Features 


• 
High-density 4-megabit SRAM module 


• 
High-speed CMOS SRAMs 
- Access time of 70 ns 


• 
Low active power 
- 
825 mW (max.) 


• 
Double-sided SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Low profile version (PF) 


- 
Max. height of .315 in. 
• 
Small footprint 
SIP version (PS) 


- 
PCB layout area of 1.5 sq. in. 


• 
2V data retention 
(L version) 


Functional 
Description 


The CYMI461 is a high-performance 
4-megabit static RAM module organized 
as 512K words by 8 bits. This module is 
constructed from sixteen 32K x 8 SRAMs 
in plastic surface mount packages on an 
epoxy laminate board with pins. Two 
choices of pins are available for vertical 
(PS) or horizontal (PF) through-hole 
mounting. On-board decoding selects 
one of the sixteen SRAMs from the high- 
order address lines keeping the remaining 
fifteen devices in standby mode for mini- 
mum power consumption. 
An active LOW write enable signal (WE) 
controls the writing/reading operation of 


S12K X 8 Static RAM 
Module 


the memory. When MS and WE inputs are 
both LOW, data on the eight data 
input/output 
pins is written into the 


memory location specified on the address 
pins. Reading the device is accomplished 
by select3 
the device and enabling the 
2!!!Puts, MS and OE active LOW, while 
WE remains inactive or HIGH. Under 
these conditions, the content of the loca- 
tion addressed by the information 
on the 
address pins is present on the eight data 
input/output 
pins. 


The input/output 
pins remain in a high- 
impedance state unless the module is 
selected, outputs are enabled, and write 
enable (WE) is HIGH. 


Pin Configuration 
SIP 


1461PS-70 
1461PS-85 
1461PS-I00 


1461PF-70 
1461PF-85 
1461PF-100 
Maximum Access Time (ns) 
70 
85 
100 


Maximum Operating 
Current (mA) 
150 
150 
150 


Maximum Standby Current (mA) 
50 
50 
50 


• 


Maximum Ratings 
(Above which the useful life may be impaired) 


Storage Temperature 
-65°C to + 150°C 


Ambient Temperature 
with 


Power Applied 
O°C to + 70°C 


Supply Voltage to Ground Potential. 
. . . . . . .. 
-Q.3V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. 
. . . . . . . . . . . . . . . . . . . . . . . . .. 
-Q.3V to + 7.0V 


DC Input Voltage. . . . . . . . . . . . . . . . . . . . . . . .. 
-Q.3V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Electrical Characteristics 
Over the Operating Range 


CYM1461 


Range 
Ambient 
VCC 
Temperature 


Commercial 
O°C to +70°C 
5V ± 10% 


CYM1461 


Parameters 
Description 
Test Conditions 
Units 


Min. 
Max. 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = -1.0 mA 
2.4 
V 


VOL 
Output WW 
Voltage 
Vee = Min., IOL = 2.0 mA 
0.4 
V 


\lH 
Input HIGH Voltage 
2.2 
Vee +0.3 
V 


\lL 
Input LOW Voltage 
-0.3 
0.8 
V 


IIX 
Input Load Current 
GND < VI < Vce 
-20 
+20 
)J.A 


Ioz 
Output Leakage Current 
GND S.VI s. Vee 
-20 
+20 
)J.A 
Output Disabled 


Ice 
Vce Operating 
Vee = Max., MS S. VIL 
150 
mA 
Supply Current 
lOUT = 0 mA 


IsBl 
Automatic MS 
Max. Vee, 
MS 2. V/H, 
Power-Down Current 
Min. Duty Cycle = 100% 
50 
mA 


Automatic MS 
Max. Vee, MS 2. Vee- 
0.2Y, 


IsB2 
Power-Down Current 
\IN 
2. Vee - 0.2V or 
32 
mA 


\iN s. 0.2V 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25°C, f = 1 MHz 
100 
pF 


COUT 
Output Capacitance 
Vee= 
5.0V 
100 
pF 


Notes: 
1. 
Tested on a sample basis. 


Rl 1923fi 
Rl 1923fi 
5V::R 
5V:=Fi 
O~P~ 
O~P~ 
R2 
R2 
30 pF 
1020fi 
5 pF 
1020fi 


INCLUDING J 
- 
INCLUDING J 
_ 
JIG AND 
- 
- 
JIG AND 
- 
- 
SCOPE 
SCOPE 


, 


Equivalent to: 
THEVENIN EQUIVALENT 


667fi 
O~P~ 
0 
..,. 
0 
1.73V 


CYM1461 


1461PS-70 
1461PS-85 
1461PS-I00 


Parameters 
Description 
1461PF-70 
1461PF-85 
1461PF-I00 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
70 
85 
100 
ns 


tM 
Address 
to Data 
Valid 
70 
85 
100 
ns 


toHA 
Data 
Hold 
from 
Address 
Change 
20 
20 
20 
ns 


tAMS 
MS LOW 
to Data 
Valid 
70 
85 
100 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
40 
50 
55 
ns 


tLZOE 
OE 
LOW 
to Low 
Z 
5 
5 
5 
ns 


tHZOE 
OE 
HIGH 
to High 
Z13] 
35 
35 
40 
ns 


tLZMS 
MS LOW 
to Low 
Z14] 
5 
5 
5 
ns 


tHZMS 
MS HIGH 
to High 
Z13.41 
35 
35 
40 
ns 


WRITE 
CYCLE 
[51 


twc 
Write 
Cycle 
Time 
70 
85 
100 
ns 


tSMS 
MS LOW 
to Write 
End 
70 
80 
85 
ns 


tAW 
Address 
Set-Uo 
to Write 
End 
70 
80 
85 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
5 
5 
5 
ns 


tSA 
Address 
Set-Uo 
to Write 
Start 
5 
5 
5 
ns 


tpWE 
WE 
Pulse 
Width 
60 
65 
65 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
35 
40 
45 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
5 
5 
5 
ns 


tHZWE 
WE 
LOW 
to High 
Z13] 
30 
35 
40 
ns 


tLZWE 
WE 
HIGH 
to Low 
Z 
5 
5 
5 
ns 


Notes: 


2. 
lest conditions assume signal1ransition times of 5 os or less, timing 
reference 
levels of l.Sv, input levels of 0 to 3.0V and output loading 
of the specified 10dloH 
and 30-pF load capacitance. 


3. 
tHWE , tHZMS,and tHZWEare specified with CL = S pF as in part (b) 
of AC1l:st Loads. nansition 
is measured ± SOO mVfrom steady state 
voltage. 


4. 
At any given temperature 
and voltage condition, 
tHZMSis less than 


tUMS for any given device. These parameters 
are guaranteed 
and not 


100% tested. 


S. The internal write time of the memory is defined by the overlap ofMS 
WW and WE WW. Both signals must be WW to initiate a write and 
either signal can terminate 
a write by going HIGH. 
The data input 
set-up and hold timing should be referenced 
to the rising edge of the 


signal that terminates 
the write. 
6. WE is HIGH 
for read cycle. 


7. Device is continuously 
selected. 00, MS = V1L• 


8. Address valid prior to or coincident 
with MS transition WW 
9. Data I/O is HIGH 
impedance 
if OE = VIH' • 


CYM1461 
Parameter 
Description 
Test Conditions 
Units 


Min. 
Max. 


\DR 
VCC for Retention 
Data 
2.0 
V 


VCC = 2.0V, 


ICCDR 
Data Retention 
Current 
CS ~ VCC- 0.2V 
300 
~A 


tCDRIl2) 
Chip Deselect to Data Retention 
Time 
\1N ~ 
VCC- 0.2V 
0 
ns 


tRIl2) 


or \1N.5.. 0.2V 


Operation 
Recovery Time 
tRC(l2j 
ns 


Notes: 
10. t RC = Read Cycle Time. 
II. 
If MS goes HIGH 
simultaneously 
with WE HIGH, 
the output 
re- 


mains in a high-impedance 
state. 


Switching Waveforms 


Read Cycle No.1 
(7,8)-F 
t 
AC 
-§,'".~~ 


_____ 
PA_EV_~_OU_S_D_A_TAVAill~~~~~~~~~~~~~~~~~~~~~~~~~D~A~TA~~VA~L~ID~~~~~~~~~~~~~~~~~~~~~~*- 


~ 
tAC 


- •... 


tAMS 


-'I<- 
-:~ 


tOOE 
-- 
tHZOE- 
tUOE 
tHZMS 


HIGH IMPEDANCE 
HIGH 
IMPEDANCE 


"\ 
"\ 
"\ 
DATAVAUD 
I--- tUMS- 


-- 
. 
,~ 
CYM1461 
=--, ~ 
;;;;;===================================== 


Switching Waveforms (continued) 


Write Cycle No.1 
(8, 9) 


tLZWE -i 


HIGH 
IMPEDANCE 
4:::::::::::: 


tSD 


DATA-IN 
VALID 


t 
HZWE ---:l 
....JI 
HIGH IMPERANCE 
• 


MS 
WE 
OE 
Input/Outputs 
Mode 


H 
X 
X 
HighZ 
Deselect/Power-Down 


L 
H 
L 
Data Out 
Read 


L 
L 
X 
Data In 
Write 


L 
H 
H 
High Z 
Deselect 


CYM1461 


Speed 
Ordering Code 
Package 
Operating 


(ns) 
Type 
Range 


70 
CYM 1461PS-7OC 
PS01 
Commercial 


CYMl461LPS-7OC 


CYMl461PF-70C 
PF01 


CYMl461LPF-70C 


85 
CYMl461PS-85C 
PS01 
Commercial 


CYMl461LPS-85C 


CYMl461PF-85C 
PF01 


CYMl461LPF-85C 


100 
CYMl461PS-100C 
PS01 
Commercial 


CYM146 1LPS-lOOC 


CYMl461PF-100C 
PF01 


CYMl461LPF-100C 


~_.~ 
.:~ 
CYPRESS 
iF 
SEMICONDUcrOR 


Features 


• 
High-density 4-megabit SRAM 
module 


• 
High-speed CMOS SRAMs 
- Access time of 35 ns 


• 
Low active power 
- 
1.65W (max.) 


• 
JEDEC-compatible 
pinout 
• 
32-pin, O.6-inch-wide DIP package 


• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .34 inches 


• 
Small PCB footprint 
- 
0.98 sq. in. 


Functional Description 


The 
CYMl464 
is a high-performance 
4-megabit static RAM module organized 
as 512K words by 8 bits. This module is 
constructed 
using four 256K x 4 static 
RAMs in SOl packages mounted 
on an 
epoxy laminate substrate with pins. A de- 
coder is used to interpret the higher-<>rder 
address (Ala) and to select one of the four 
RAMs. 
Writing to the module 
is accomplished 
when the chip select (CS) and write enable 
(WE) inputs are both LOW. Data on the 
eight input/output 
pins (liDo through 
II 
07) of the device is written into the memory 


location specified on the address pins (Ao 
through 
Ala). Reading 
the device is ac- 


complished .!!Ltaking chip select and out- 
Rut enable (DE) LOW. while write enable 
(WE) remains inactive or HIGH. 
Under 


these 
conditions. 
the 
contents 
of the 


memory location specified on the address 
pins (Ao through Ala) will appear on the 
eight appropriate 
data input/output 
pins 


(liDo through 1/07), 


The input/output 
pins remain in a high- 


impedance state unless the module is se- 
lected. outputs are enabled. and write en- 
able (WE) is HIGH. 


A,a 
1. 
A,. 
2 
A'4 
3 
A'2 
4 
A7 
5 


As 
• 
A5 
7 
~ 
a 
A3 
9 
A2 
'0 
A, 
11 
Ao 
12 
1/00 
'3 
I/O, 
'4 
1/02 
15 
GNO 
,. 


32 
Vcc 
31 
A'5 


30 
A17 


29 
WE 


2a 
A13 
27 
A8 


26 
Ag 


25 
All 


24 
m: 


23 
AlO 


22 
"C"S 


21 
1/07 
20 
I/O. 


19 
1/05 


1. 
1104 


17 
1/03 


1464-35 
1464-45 
1464-55 
1464-70 


Maximum Access Time (ns) 
35 
45 
55 
70 


Maximum Operating Current (mA) 
300 
300 
300 
300 


Maximum Standby Current (mA) 
240 
240 
240 
240 


• 


Maximum 
Ratings 


(Above which the useful life may be impaired.) 


Storage Temperature 
-55°C 
to + 125°C 


Ambient Temperature 
with 


Power Applied 
-10°C to +85°C 


Supply Voltage to Ground Potential 
-o.5V to + 7.0V 


~~y~~t~St~fe~li~d 
.t~.?~t~.u.ts 
-o.5V to + 7.0V 


DC Input Voltage 
-o.5V to + 7.0V 


Ambient 


I 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
I 
5V ± 10% 


1464 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., IOH = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min., IOL = 8.0 mA 
0.4 
V 


V1H 
Input HIGH Voltage 
2.2 
Vcc 
V 


V1L 
Input LOW Voltagell] 
-0.3 
0.8 
V 


Ilx 
Input Load Current 
GND.s. 
V1.s. Vcc 
-10 
+10 
J.lA 


Ioz 
Output Leakage Current 
GND .s. Vo.s. Vcc, Output Disabled 
-10 
+10 
J.lA 


Icc 
Vcc Operating 
Supply 
Ycc = Max., lOUT= 0 mA, 
300 
mA 


Current 
CS.s. V1L 
IS81 
Automatic 
CS Power-Down 
Vcc = Max., CS ~ 
VIH. 
240 
mA 


Current 
Min. Duty Cycle = 100% 


IS82 
Automatic CS Power-Down 
Vcc = Max., CS ~ 
Vcc - O.2V, 
10 
mA 


Current 
V1N > Vcc - 0.2V or V1N< 0.2V 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
40 
pF 


COUT 
Output Capacitance 
Vcc = 5.0V 
30 
pF 


Notes: 
1. 
V1L(Min.) = -3.0V 
for pulse widths less than 20 os. 


AC Test Loads and Waveforms 


R1481U 


OUTP~~ 


30PFI 
R2 
INCLUDING 
255U 
JIG AND _ 
_ 
SCOPE 
- 
- 
(3) 


5V 


OUTPUT 


5 
PFI 
INCLUDING 
JIG AND _ 
SCOPE 
- 
(b) 


90% 


GND -'110% 


oS. 5 ns-.1 I- 


THEvENIN 
EQUIVALENT 


167.0. 
OUTPUT ••o--~ 
••••••. 
o1.73V 


1464-35 
1464--45 
1464-55 
1464-70 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
35 
45 
55 
70 
ns 


tAA 
Address 
to Data 
Valid 
35 
45 
55 
70 
ns 


IoHA 
Data 
Hold 
from 
Address 
Change 
5 
5 
5 
5 
ns 


tAcs 
CS LOW 
to Data 
Valid 
35 
45 
55 
70 
ns 


tOOE 
OE 
LOW 
to Data 
Valid 
20 
25 
30 
35 
ns 


tLWE 
OE 
LOW 
to Low Z 
0 
0 
0 
0 
ns 


tHWE 
OE 
HIGH 
to High 
Z 
0 
15 
0 
15 
0 
15 
0 
15 
ns 


tues 
CS LOW 
to Low Z 
10 
10 
10 
10 
ns 


tHZCS 
CS HIGH 
to High 
Z14] 
0 
20 
0 
20 
0 
20 
0 
20 
ns 


tpu 
CS LOW 
to Power-Up 
0 
0 
0 
0 
ns 


tpo 
CS HIGH 
to Power-Down 
35 
45 
55 
70 
ns 


WRITE 
CYCLE 


twc 
Write 
Cycle 
Time 
35 
45 
55 
70 
ns 


tscs 
CS LOW 
to Write 
End 
30 
40 
50 
60 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
30 
40 
50 
60 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
3 
3 
3 
3 
ns 


tSA 
Address 
Set-Up 
from 
Write 
Start 
6 
5 
5 
5 
ns 


tpwE 
WE 
Pulse 
Width 
25 
35 
40 
50 
ns 


tso 
Data 
Set-Up 
to Write 
End 
20 
25 
35 
45 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
2 
3 
3 
3 
ns 


tLzwE 
WE 
HIGH 
to Low Z 
0 
0 
0 
0 
ns 


tHzwE 
WE 
LOW 
to High 
ZI4J 
15 
15 
20 
25 
ns 


Notes: 
3. 
Test conditions 
assume signal transition 
times of 5 ns or less, timing 


reference 
levels of l.SY, input levels of 0 to 3.0Y, and output loading 


of the specified IOL/IoH and 30-pF load capacitance. 
4. 
tHZCSand tllZWE are specified with CL = S pF as in part (b) of AC 
Test Loads. Transition 
is measured 
± SOOmV from steady state volt- 
age. 


S. 
WE is HIGH 
for read cycle. 
6. 
Device is continuously 
selected, 
CS = V'L. 


7. 
Address valid prior to or coincident 
with CS transition 
LOW. 


8. 
The internal write time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate 
a write by going HIGH. The data input set- 


up and hold timing should be referenced 
to the rising edge of the signal 
that terminates 
the write. 
9. 
If CS goes HIGH simultaneously 
with WE HIGH, the output remians 


in a high-impedance 
state. 


Switching 
Waveforms 


Read 
Cycle 
No. 
115,6J 
• 


Switching Waveforms 


Read Cyrlp 
11/0. 215,7J 


"C"S 


Vcc 


SUPPLY 
CURRENT 


IHzwe:-! 


________ 
DA_T_A_U_N_D_E_F_IN_E_D 
~ 
HIGH 
IMPEDANCE 


CS 
WE 
OE 
Inputs/Outputs 
Mode 


H 
X 
X 
High Z 
Deselect/Power-Down 


L 
H 
L 
Data Out 
Read Word 


L 
L 
X 
Data In 
Write Word 


L 
H 
H 
High Z 
Deselect 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
lYpe 
Range 


35 
CYMl464PD-35C 
PD02 
Commercial 


45 
CYMl464PD-45C 
PD02 
Commercial 


55 
CYMl464PD-55C 
PD02 
Commercial 


70 
CYMl464PD-7OC 
PD02 
Commercial 


• 


Features 


• 
High-density 4-megabit SRAM 
module 
• 
High-speed CMOS SRAMs 
- Access time of 85 ns 


• 
Low active power 
- 
605 mW (max.) 


• 
JEDEC-compatible 
pinout 
• 
32-pin, O.6-inch-wide DIP package 
• 
TTL-compatible 
inputs and outputs 
• 
Low profile 
- 
Max. height of .23 inches 


• 
Small PCB footprint 
- 
0.98 sq. in. 


Functional Description 


The 
CYMI465 
is a high-performance 
4-megabit static RAM module organized 
as 512K words by 8 bits. This module is 
constructed 
using four 128K x 8 RAMs 
mounted on a substrate with pins. A de- 
coder is used to interpret the higher-order 
addresses (Al7 and A1S) and to select one 
of the four RAMs. Two packaging options 
are offered: VSOP packages on FR4 sub- 
strate for commercial temperature 
range 
operation, and SOIC packages on ceramic 
substrate for industrial temperature 
range 
operation. 
Writing to the module 
is accomplished 
when the chip select (CS) and write enable 


(WE) inputs are both LOW Data on the 
eight 
input/output 
pins 
(1/00 
through 


I/O,) 
of the device is written 
into the 


memory location specified on the address 
pins (An through A1S). Reading the device 
is accomplishe~ 
taking chip select and 
output enable(OE) 
LOW while write en- 
able remains 
inactive or HIGH. 
Under 


these 
conditions, 
the 
contents 
of 
the 


memory location specified on the address 
pins (An through A1s) will appear on the 
eight appropriate 
data input/output 
pins 


(110)0 through 
110,). 


The input/output 
pins remain in a high- 


impedance state unless the module is se- 
lected, outputs are enabled, and write en- 
able is HIGH. 


146SPD-8S 
146SPD-IOO 
146SPD-120 
146SPD-ISO 


Maximum Access Time (ns) 
85 
100 
120 
150 


Maximum Operating 
Current (mA) 
110 
110 
110 
110 


Maximum Standby Current (mA) 
12 
12 
12 
12 


Maximum 
Ratings 


(Above which the useful1ife may be impaired.) 


Storage Temperature 
- 55°C to + 125°c 


Ambient Temperature 
with 


Power Applied 
-1O°Cto+85°C 


Supply Voltage to Ground Potential. 
. 
. . -0.5V to + 7.0V 


~~y~~t~St~fePlied 
to. O.utputs 
-D.sV to + TOV 


DC Input Voltage 
-D.5V to + TOV 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Industrial 
- 40°C to + 85°C 
5V ± 10% 


1465PD 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., 10H = - 1.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., 10L = 2.1 mA 
0.4 
V 


Vm 
Input HIGH Voltage 
2.2 
Vee + 0.3 
V 


V'L 
Input LOW Voltage 
-0.3 
0.8 
V 


II}{ 
Input Load Current 
GND<V,<Vee 
-10 
+ 10 
llA 


loz 
Output Leakage Current 
GND .5...Vo.5... Vee, Output Disabled 
-20 
+20 
llA 


Ice 
Vee Operating 
Supply 
Yce = Max., lOUT= 0 mA, 
110 
mA 
Current 
CS.5... V'L 


IsB! 
Automatic 
CS Power-Down 
Vee = Max.,CS2. 
Vm, 
12 
mA 
Current 
Min. Duty Cycle = 100% 


ISB2 
Automatic CS Power-Down 
V DR = 3.0V, CS 2. Vee - 2.0V, I Standard Version 
8 
mA 
Current 
~IN 
.:;- 
~ ~~, - 2.0V or 
I L Version 
420 
llA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
45 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
45 
pF 


1.847kn 
1.842kn 


OUTP:~ 
OUTP:~ 
,~,.,~ 
1100 p1 
1k 
n 
"~,.,~ 15pF 11k 
n 


INCLUDING J 
_ 
INCLUDING J 
_ 


JIG AND 
- 
- 
JIG AND 
- 
- 


SCOPE 
(a) 
SCOPE 
(b) 


I 
THEVENIN EQUIVALENT 


648n 


• 


14651D-85 
1465pD-100 
14651D-120 
14651D-150 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ CYCLE 


tRc 
Read Cycle Time 
85 
100 
120 
150 
ns 


tAA 
Address to Data Valid 
85 
100 
120 
150 
ns 


tOHA 
Data Hold from Address Change 
10 
10 
10 
10 
ns 


tAcs 
CS LOW to Data Valid 
85 
100 
120 
150 
ns 


tDOE 
OE LOW to Data Valid 
45 
50 
60 
75 
ns 


tLWE 
OE LOW to Low Z 
5 
5 
5 
5 
ns 


tHWE 
OE HIGH to High Z13] 
30 
35 
45 
55 
ns 


tLZCS 
CS LOW to Low Z 
10 
10 
10 
10 
ns 


tHZCS 
CS HIGH to High Z\31 
30 
35 
45 
60 
ns 


WRITE CYCLE 


twc 
Write Cycle Time 
85 
100 
120 
150 
ns 


tscs 
CS LOW to Write End 
75 
90 
100 
115 
ns 


tAW 
Address Set-Up to Write End 
75 
90 
100 
110 
ns 


tHA 
Address Hold from Write End 
10 
10 
10 
15 
ns 


tSA 
Address Set-Up from Write Start 
5 
5 
5 
5 
ns 


t.WE 
WE Pulse Width 
65 
75 
85 
95 
ns 


tso 
Data Set-Up to Write End 
35 
40 
45 
50 
ns 


tHO 
Data Hold from Write End 
0 
0 
0 
0 
ns 


tLzwE 
WE HIGH to Low Z 
5 
5 
5 
5 
ns 


tHzwE 
WE LOW to High Z\31 
30 
35 
40 
45 
ns 


1465 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOR 
Vcc for Retention 
Data 
CS..2:.Vcc - 0.2V 
2.0 
V 


IccoR 
Data Retention 
Current 
VOR = 3.0V. CS..2:. Vcc - 2.0V. 
50 
J.l.A 


tcoR[41 
Chip Deselect to Data Retention 
Time 


V,N..2:.Vcc - 2.0V or 


0 
V,N.:s..O.2V 
ns 


tRl41 
Operation 
Recovery Time 
5 
ms 


Notes: 
2. 
lest 
conditions 
assume 
signal 
transition 
times 
of 10 os or less, 
timing 
reference 
levels of 1.5V. input levels of 0 to 3.0V, and output loading 


of the specified 10dioH 
and 100-pF load capacitance. 


3. 
CL = 5 pF as in part (b) of AC Test Loads. Transition 
is measured 


± 500 mV from steady state voltage. 


4. 
Guaranteed, 
not tested. 
5. 
WE is HIGH 
for the read cycle. 
6. 
Device is continuously 
selected, 
CS = V1L. 


7. 
Address 
valid 
prior 
to or coincident 
with 
CS transition 
LOW 
8. 
The inter~rite 
time of the memory is defined by the overlop of CS 


WWand 
WE WW £loth signals must be WW to initiate a write and 
either signal can terminate 
a wrile by going HIGH. The data input sel- 


up and hold timing should be referenced 
to the rising edge of the signal 


that 
terminates 
the write. 
9. 
If CS goes HIGH simultaneously 
with WE HIGH, the output remians 


in a high-impedance 
state. 


·~ 
D_A_T_A_:_~_R_:_N_2:_IO_N_M_O_D_E_t~ 


: 
VDR__ 
1 
:,"~ 
~:t: 


_~_______ 
V'H 


Switching Waveforms 


Read Cycle No. 
t[S, 
61 


IoHA 


PREVIOUSDATAVALID 


~ 


IRe 
'" 


or- 


~es 


~" 
~ 


tooE 
.~~ 
-luoe 
-- 
-- 
!rizes 
HIGH 


HIGHIMPEDANCE 
//// 
IMPEDAN 


,,-'-'- 
DATAVALID 
.F 


lues 


luwE----l 


HIGHIMPEDANCE <=========== 


!riZWEj 


DATAOUT--------D-A-T-A-U-N-D-E-F-IN-E-D-------- 
> 


• 


Switching Waveforms 
(continued)!,,9l 


Write Cycle No.2 (CS Controlled) 


tHZWE~ 
---------------------- 
~IGH IMPEDANCE 
DATA UNDEFINED 
_ 
---------------------- 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
'IYpe 
Range 


85 
CYMl4Q5PD-85C 
PD03 
Commercial 


CYMl4Q5LPD-85C 


CYMl4Q5PD-85I 
PD08 
Industrial 


CYMl4Q5LPD-85I 


100 
CYMl4Q5PD-100C 
PD03 
Commercial 


CYMl4Q5LPD-lOOC 


CYMl4Q5PD-100I 
PD08 
Industrial 


CYMl4Q5LPD-10OI 


120 
CYMl4Q5PD-120C 
PD03 
Commercial 


CYMl4Q5LPD-120C 


CYMl4Q5PD-120I 
PD08 
Industrial 


CYMl4Q5LPD-120I 


150 
CYMl4Q5PD-15OC 
PD03 
Commercial 


CYMl4Q5LPD-150C 


CYMl4Q5PD-150I 
PD08 
Industrial 


CYMl4Q5LPD-15OI 


Inputs 


CS 
WE 
OE 
Outputs 
Mode 


H 
X 
X 
HighZ 
Deselect/Power-Down 


L 
H 
L 
Data Out 
Read Word 


L 
L 
X 
Data In 
Write Word 


L 
H 
H 
HighZ 
Deselect 


..:_.~ 
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Features 


• 
High-density 4-megabit SRAM 
module 
• 
High-speed CMOS SRAMs 
- Access time of 35 ns 


• 
Low active power 
- 
1.9W (max.) 


• 
JEDEC-compatible 
pinout 
• 
32-pin, 0.6-inch-wide DIP package 


• 
TTL-compatible 
inputs and outputs 


Functional 
Description 


The 
CYMI466 
is a high-performance 


4-megabit static RAM module organized 
as 512K words by 8 bits. This module is 
constructed using four 128K x 8 RAMs in 
ceramic 
leadless 
chip 
carrier 
packages 
mounted on a ceramic substrate. A decod- 
er is used to interpret the higher-order ad- 
dresses (A17 and A1S) and to select one of 
the four RAMs. 


Writing to the module 
is accomplished 
when the chip select (CS) and write enable 
(WE) inputs are both LOW. Data on the 
eight input/output 
pins (I/Oo through 
I/ 


07) of the device is written into the memory 


location specified on the address pins (Ao 
through 
A1S)' 
Reading 
the device is ac- 
complished ..2Y..takingchip select and out- 
put enable(OE) 
LOW while write enable 


remains inactive or HIGH. 
Under these 


conditions, the contents of the memory lo- 
cation specified on the address pins (Ao 
through A1S) will appear on the eight ap- 
propriate 
data 
input/output 
pins (I/O~ 


through I/O,). 


The input/output 
pins remain in a high- 
impedance state unless the module is se- 
lected, outputs are enabled, and write en- 
able is HIGH. 


• 


1466-35 
1466-45 
1466-55 
1466-70 
1466-85 
1466-100 
1466-120 


Maximum Access Time (ns) 
35 
45 
55 
70 
85 
100 
120 


Maximum Operating 
Current (mA) 
Com'l 
350 
350 
184 
184 
184 
84 
84 


Mil 
350 
350 
184 
184 
184 
84 
84 


Maximum Standby Current (mA) 
Com'l 
240 
240 
70 
70 
70 
12 
12 


Mil 
204 
240 
70 
70 
70 
12 
12 


Maximum Ratings 


(Above which the useful life may be impaired.) 


Storage Temperature 
- 65°C to + 125°C 


Supply Voltage to Ground Potential 
-Q.3V to + 7.0V 


~~y:~t~~t~fe~l~~d 
.t~.?u~.u.~ 
OV to Vee 
DC Input Voltage 
-Q.3V to Vee +0.3V 
Electrical Characteristics Over the Operating Range 


Ambient 
Range 
Temperature 
Vce 
Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
- 55°C to + 125°C 
5V ± 10% 


1466-55 
1466-35 
1466-70 
1466-100 


1466-45 
1466-85 
1466-120 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vce = Min. 
10H = - 4.0 mA 
2.4 
2.4 
V 


10H = - 1.0 mA 
2.4 


VOL 
Output LOW Voltage 
Vee = Min. 
10L = 8.0 mA 
0.4 
0.4 
V 


10L = 2.0 mA 
0.4 


VIH 
Input HIGH Voltage 
- 
2.2 
Vee 
2.2 
Vee 
2.2 
Vee 
V 


+0.3 
+0.3 
+0.3 


V1L 
Input LOW Voltage 
-Q.3 
0.8 
-0.3 
0.8 
-Q.3 
0.8 
V 


IIJ( 
Input Load Current 
Vee = Max.,O < VI < Vee 
-10 
+10 
-10 
+10 
-10 
+10 
IJ.A 


loz 
Output Leakage 
CS = VIH,Vee = Max., 
-20 
+20 
-20 
+20 
-20 
+20 
IJ.A 


Current 
0.::;, Vo'::;' Vee 


Ice 
Vee Operating 
Yce = Max., 10 = 0 mA, 
350 
184 
84 
mA 


Supply Current 
CS < V1L 


Iso1 
AutomaticCS 
Vee = Max., CS ~ 
VIH, 
240 
70 
12 
mA 


Power-Down Current 
10 = 0 mA 


Iso2 
Automatic CS 
Vee = Max., CS ~ 
Vee - 0.2V, 
40 
8 
8 
mA 


Power-Down Current 
Vee-0.2V 
< V, < 0.2V,lo = OmA 


Parameters 
Description 
Test Conditions 
Max. 
Units 
C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
45 
pF 
COUT 
Output Capacitance 
Vee = 5.0V 
45 
pF 


Rl 
5V:ff1 
OUTPUT 


Cl 
R2 


INCLUDING J 
_ 
JIG AND 
- 
- 
SCOPE 


Rl 
5VSf1 
OUTPUT 


5 pF 
R2 


INCLUDING J 
_ 
JIG AND 
- 
- 
SCOPE 


1466-55 
1466-35 
1466-70 
1466-100 
1466-45 
1466-85 
1466-120 
Units 


Cl 
30 
30 
100 
pF 
Rl 
0.481 
0.481 
1.84 
kfl 
R2 
0.255 
0.255 
1.00 
kfl 


1466-35 
1466-45 
I 
1466-55 
1466-70 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. I Min. 
Max. 
Min. 
Max. 
Units 


READ CYCLE 


tRC 
Rcad Cycle Time 
35 
45 
55 
70 
os 


tAA 
Address to Data Valid 
35 
45 
55 
70 
os 


IoHA 
Data Hold from Address Chaoge 
5 
5 
5 
5 
os 


tACS 
CS LOW to Data Valid 
35 
45 
55 
70 
os 


tDOE 
OE LOW to Data Valid 
15 
20 
30 
35 
os 


tLWE 
OE LOW to Low Z 
0 
0 
0 
0 
os 


tHWE 
OE HIGH to High Z[3J 
15 
20 
25 
30 
os 


tLZCS 
CS LOW to Low Z 
5 
5 
5 
5 
os 


tHZCS 
CS HIGH to High Z[JJ 
15 
20 
25 
30 
os 


WRITE CYCLE 


twc 
Write Cycle Time 
35 
45 
55 
70 
os 


tscs 
CS LOW to Write Eod 
25 
30 
45 
50 
os 


tAW 
Address Set-Up to Write Eod 
25 
30 
45 
50 
os 


tHA 
Address Hold from Write Eod 
0 
0 
0 
0 
os 


tSA 
Address Set-Up from Write Start 
5 
5 
5 
5 
os 


tPWE 
WE Pulse Width 
20 
25 
35 
45 
os 


tSD 
Data Set-Up to Write End 
16 
20 
25 
30 
os 


tllo 
Data Hold from Write End 
3 
3 
0 
0 
ns 


tLZwE 
WE HIGH to Low Z 
0 
0 
5 
5 
os 


tHZWE 
WE LOW to High Z[3) 
0 
15 
0 
15 
0 
15 
0 
15 
ns • 


1466-85 
1466-100 
1466-120 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
I 
Max. 
Units 


READ CYCLE 


tRc 
Read Cycle Time 
85 
l00 
120 
ns 


tAA 
Address to Data Valid 
85 
l00 
120 
ns 


tOHA 
Data Hold from Address Change 
5 
5 
5 
ns 


lACS 
CS LOW to Data Valid 
85 
l00 
120 
ns 


tDOE 
OE LOW to Data Valid 
40 
50 
60 
ns 


tLZOE 
OE LOW to Low Z 
0 
5 
5 
ns 


tHZOE 
OE HIGH to High Z(3) 
35 
35 
45 
ns 


tLZCS 
CS LOW to Low Z 
5 
5 
5 
ns 


tHZCS 
CS HIGH to High ZI3J 
35 
35 
45 
ns 


WRITE CYCLE 


twc 
Write Cycle Time 
85 
l00 
120 
ns 


tscs 
CS LOW to Write End 
55 
90 
100 
ns 


tAW 
Address Set-Up to Write End 
55 
90 
100 
ns 


tHA 
Address Hold from Write End 
0 
0 
0 
ns 


tSA 
Address Set-Up from Write Start 
5 
5 
5 
ns 


tpwE 
WE Pulse Width 
55 
75 
85 
ns 


tso 
Data Set-Up to Write End 
35 
40 
45 
ns 


tHO 
Data Hold from Write End 
0 
0 
0 
ns 


tLzwE 
WE HIGH to Low Z 
5 
5 
5 
ns 


tHZWE 
WE LOW to High Z13] 
0 
35 
0 
40 
0 
ns 


1466-55 
1466-70 
1466-85 


1466-35 
1466-100 


1466-45 
1466-120 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOR 
Vcc for Retention 
Data 
CS > Vcc - 0.2V 
2.0 
2.0 
V 


ICCOR 
Data Retention 
Current 
VOR = 3.0V 
1500 
50 
).lA 


!cORI4] 
Chip Deselect to Data Retention 
Time 
0 
0 
ns 
tR14] 
Operation 
Recovery Time 
tRC 
tRc 
ns 


Notes: 
2. 
Test conditions assume signal transition times of 10 os or less, timing 
reference 
levels of 1.5V. input levels of 0 to 3.0Y, and output loading 
of the specified IOLlloH and load capacitance. 
3. 
CL = 5 pF as in part (b) of AC Test Loads. Transition 
is measured 
± 500 mV from steady state voltage. 


4. 
Guaranteed, 
not tested. 


5. 
WE is HIGH 
for the read cycle. 
6. 
Device is continuously 
selected, 
CS = VtL. 


7. 
Address valid prior to or coincident with CS transition LOW 
8. 
The internal write time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGII. The data input set- 
up and hold timing should be referenced 
to the rising edge of the signal 


that terminates 
the write. 
9. 
If CS goes HIGH simultaneously 
with WE BIGI t. the output remians 


in a high-impedance 
state. 


,w! 
~ATA::::'ON 
MODE:1;" 
~::t 
l' 
,~ 
/1--=, ~ 


_~_______ 
V'H 
1 
V,~ 


Switching Waveforms 


Read Cycle No. 115,6] 


~ 
HIGH • 


IMPEDANCE 
DATA VALID 


1466-7 


IWC 


ISCS 


lAW 
!t,A 
!PWE 


IsD 


DATA-IN VALID 


!t,ZWE 


~ 


luwE-j 


HIGH IMPEDANCE 
( 


1466-8 


8-55 


Switching 
WaverOrms 
(continued~··9J 


Write Cycle No.2 (CS Controlled) 


tHZWE:-j 


:::::::::::::::D:A:T:A:U:N:D:E:F:IN:E:D:::::::::::::::::=~HIGH IMPEDANCE 


Inputs 


CS 
WE 
OE 
Outputs 
Mode 


H 
X 
X 
HighZ 
DeselecVPower-Down 


L 
H 
L 
Data Out 
Read Word 


L 
L 
X 
Data In 
Write Word 


L 
H 
H 
High Z 
Deselect 


Speed 
Package 
Operating 
(ns) 
Ordering 
Code 
lYpe 
Range 


35 
CYMl466HD-35C 
HD04 
Commercial 


CYM1466LHD-35C 
HD04 


CYM1466HD-35MB 
HD04 
Military 


CYM1466LHD-35MB 
HD04 


45 
CYM1466HD-45C 
HD04 
Commercial 


CYM1466LHD-45C 
HD04 


CYM1466HD-45MB 
HD04 
Military 


CYM1466LHD-45MB 
HD04 


55 
CYM1466HD-55C 
HD12 
Commercial 


CYM1466LHD-55C 
HD12 


CYM1466HD-55MB 
HD12 
Military 


CYM1466LHD-55MB 
HD12 


70 
CYM 1466HD-7OC 
HD12 
Commercial 


CYM1466LHD-7OC 
HD12 


CYMl466HD-70MB 
HD12 
Military 


CYMl466LHD-70MB 
HD12 


85 
CYM1466HD-85C 
HD12 
Commercial 


CYM1466LHD-85C 
HD12 


CYM1466HD-85MB 
HD12 
Military 


CYM1466LHD-85MB 
HD12 


100 
CYM1466HD-100C 
HD12 
Commercial 


CYM1466LHD-100c 
HD12 


CYM1466HD-100MB 
HD12 
Military 


CYM 1466LHD-lOOMB 
HD12 


120 
CYMl466HD-12OC 
HD12 
Commercial 


CYMl466LHD-12OC 
HD12 


CYM1466HD-12OMB 
HD12 
Military 


CYM1466LHD-12OMB 
HD12 
• 


CYPl<t;:::;:::; 
SEMICONDUCTOR 


Features 


• 
High-density 8-/16-megabit 
SRAM 
modules 


• 
High-speed CMOS SRAMs 
- Access time of 85 ns 


• 
Low active power 
- 
605 mW (max.), 2M x 8 


• 
Double-sided SMD technology 
• 
TTL-compatible 
inputs and outputs 
• 
Very low profile version (PF) 
- 
Max. height of 0.205 in. 


• 
Small footprint 
SIP version (PS) 
- 
PCB layout area of 0.72 sq. in. 


• 
2V data retention 
(L version) 
• 
Compatible with CYM1460/CYM1461 


l024K 
X 8 SRAM Module 


2048K x 8 SRAM Module 


Functional 
Description 


The CYM1471 and CYMl481 
are high- 
performance 
8-megabit 
and 
16-megabit 
static RAM modules organized as lO24K 
words (1471) or 2048K words (1481) by 8 
bits. These modules are constructed from 
eight (1471) or sixteen (1481) 128K x 8 
SRAMs in plastic surface-mount packages 
on an epoxy laminate board with pins. Two 
choices of pins are available for vertical 
(PS) 
or 
horizontal 
(PF) 
through-hole 
mounting. On-board decoding selects one 
of the SRAMs from the high-order address 
lines, keeping 
the remaining 
devices in 
standby mode for minimum 
power con- 
sumption. 
An active LOW write enable signal (WE) 
controls the writing/reading operation of 


the memory. When MS and WE inputs are 
both Ww, data on the eight data input/ 
output pins is written into the memory lo- 
cation specified on the address pins. Read- 
ing the device is accomplished by se\ec@g 
the device and enabling the .2!!!Puts, MS 
and OE active LOW, while WE remains 
inactive or HIGH. 
Under 
these condi- 


tions, the content of the location addressed 
by the information 
on the address pins is 


present 
on the eight data 
input/output 
pins. 


The input/output 
pins remain in a high- 
impedance state unless the module is se· 
lected, outputs are enabled, and write en- 
able (WE) is HIGH. 


Pin Configuration 


SIP 


Logic Block Diagram 
r-----------------------------------, 
Ao-A'B 
I 
A'9 


17 
I 
Vcc 
I 
WE 
I 
1/°2 
I 
1/°3 


I 
11°0 
A, 


~CYM1471 
~~ 


I 
GNAD' 


II 
1/05 
A10 
I 
A11 


I 
As 


I 
A'3 


.J A20(1481)~ 


NC(1471) 
m 
A,s 
A'B 
A'2 
A,e 
AB 


110, 
GND 
Ao 
A7 
A8 
A9 


1/07 
110, 
1I0B 
A17 
8 1/°0- 1/07 
Vcc 
OE 


"7'-2 


CYM1471 
CYM1481 


Maximum Access Time (ns) 
85 
100 
120 
85 
100 
120 


Maximum Operating Current (mA) 
95 
95 
95 
110 
110 
110 


Maximum Standby Current (mA) 
16 
16 
16 
32 
32 
32 


Maximum 
Ratings 


(Above which the useful life may be impaired) 


Storage Temperature 
- 55°C to + 125°C 


Ambient Temperature 
with 
Power Applied 
O°C to + 70°C 


Supply Voltage to Ground Potential 
- 0.3V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- 0.3V to + 7.0V 


DC Input Voltage. . . . . . . . . . . . . . . . . . . . . .. 
- 0.3V to + 7.0V 


Output Current into Outputs (LOW) 
20 mA 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


1471 
1481 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min .• loH = -1.0 mA 
2.4 
2.4 
V 


VOL 
Output WW 
Voltage 
Vee = Min., IOL = 2.0 mA 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.0 
Vee + 0.3 
2.2 
Vee + 0.3 
V 


V1L 
Input WW 
Voltage 
- 0.3 
0.8 
- 0.3 
0.8 
V 


I", 
Input Load Current 
GND..::.. VI"::" Vcc 
-20 
+20 
-20 
+20 
IJ.A 


Ioz 
Output Leakage Current 
GND ..::..VI"::" Vec. Output Disabled 
-20 
+20 
-20 
+20 
IJ.A 


Ice 
Vee Operating 
Vee = Max., MS ..::..VIL 
95 
110 
mA 
Supply Current 
lOUT= 0 mA 


ISB1 
Automatic MS 
Max. Vce, MS > VIH• 
16 
32 
mA 
Power-Down Current 
Min. Duty Cycle = 100% 


ISB2 
Automatic MS 
Max. Vee,MS 
> Vee-0.2V.1 
Standard 
16 
32 
mA 
Power-Down Current 
VIN > Vee -IT.2y, 
I 
. 
500 
or \'iN < 0.2V 
L VersIOn 
250 
IJ.A 


Parameter 
Description 
Test Conditions 
CYMI471 
CYM1481 
Units 


Max. 
Max. 
CINA 
Input Capacitance (Ao-16,OE, WE) 
TA = 25°C, f = 1 MHz, 
75 
125 
pF 


CINB 
Input Capacitance (Al1_20, MS) 
Vce = 5.0V 
25 
25 
pF 
COUT 
Output Capacitance 
95 
165 
pF 


5V 


OUTPUT 


5V 


OUTPUT 
5PFI 


INCLUDING 


JIGAND 
_ 


SCOPE 
- 
(b) 


l°OPFI 


INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(a) 


THEVENIN 
EQUIVALENT 
134o.n 


• 


CYM1471 
CYM1481 


1471-85 
1471-100 
1471-120 


1481-85 
1481-100 
1481-120 


Parameter 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
85 
100 
120 
ns 


tAA 
Address 
to Data 
Valid 
85 
100 
120 
ns 


toHA 
Data 
Hold 
from 
Address 
Change 
10 
10 
10 
ns 


tAMS 
MS WW 
to Data 
Valid 
85 
100 
120 
ns 


tDOE 
OE 
WW 
to Data 
Valid 
45 
50 
60 
ns 


tLZOE 
OEWWtoLowZ 
5 
5 
5 
ns 


tHWE 
OE 
HIGH 
to High 
ZI31 
" 
30 
35 
45 
ns 


tLZMS 
MS WW 
to Low 
ZI41 
10 
10 
10 
ns 


tHZMs 
MS HIGH 
to High 
Z13.41 
30 
35 
45 
ns 


WRITE 
CYCLElS) 


twc 
Write 
Cycle Time 
85 
100 
120 
ns 


tSMS 
MS WW 
to Write 
End 
75 
90 
100 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
75 
90 
100 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
7 
7 
7 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
5 
5 
5 
ns 


tpwE 
WE 
Pu)se 
Width 
65 
75 
85 
ns 


tso 
Data 
Set-Up 
to Write 
End 
35 
40 
45 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
5 
5 
5 
ns 


tHZWE 
WE 
WW 
to High 
Z[3) 
30 
35 
40 
ns 


tLZwE 
WE 
HIGH 
to Low 
Z 
5 
5 
5 
ns 


1471 
1481 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOR 
V CC for Retention 
Data 


- 


Vcc 
= 3.0V; 
2.0 
2.0 
V 


ICCOR 
Data 
Retention 
Current 
CS > Vcc 
- 0.2V, 
125 
250 
iJ.A 
V1N> Vcc 
- 0.2V, 


tCORI6) 
Chip 
Deselect 
to Data 
Retention 
Time 
or V-;; ..:::..0.2V 
0 
0 
ns 


tRI71 
Operation 
Recovery 
Time 
5 
5 
ns 


Notes: 
2. 
Test conditions assume signal transition times of 10 J.ls or less, timing 
reference 
leve)s of 1.5Y, input levels of 0 to 3.0Y, output 
loading of 
1 TfL 
load, and lOO-pF load capacitance. 


3. 
tHWE, tHZMS,and tHZWEare specified with CL = 5 pF as in part 9b) 
of ACTest Loads. nansition 
is measured 
± 500 mV from steady state 


voltage. 
4. 
At any given temperature 
and voltage condition, 
tHZMSis less than 
~~zO~~~~t~J. 
given device. These parameters are guaranteed and not 


5. 
The internal write time of the memory is defined by the overlap of MS 
WW and WE WW Both signals must be WW to initiate a write and 
eithersignal 
can terminate 
a write by going HIGH. The data input sel- 


up and hold timing should be referenced 
to the rising edgeof the signal 


that terminates the write. 
6. 
Guaranteed, 
not tested. 


7. 
tRC = Read Cycle Time. 


CYM1471 
CYM1481 


Switching Waveforms 


Read 
Cycle 
No. 
1[8.9) 


ADDRESS~~~~toc 
~~~~~~ 


•• 
~AA- 
tOHA 


_____ 
PR_EVlO 
__ 
US_D_A_TAVAUD 
=======================D=AT=A=V=AU=D===================== 
• 


Notes: 
8. 
Device is continuously 
selected. OE. MS = V'L. 
9. 
Address valid prior to or coincident 
with MS transition Ww. 


MS 
WE 
OE 
Input/Outputs 
Mode 


H 
X 
X 
HighZ 
Deselect/Power-Down 


L 
H 
L 
Data Out 
Read 


L 
L 
X 
Data In 
Write 


L 
H 
H 
High Z 
Deselect 


12. IfMS goes HIGH simultaneously 
with WE~IIGH. 
the output remains 


in a high-impedance state. 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
'JYpe 
Range 


85 
CYM1471PF-85C 
PF03 
Commercial 


CYM1471LPF-85C 


CYM1471PS-85C 
PS05 


CYM1471LPS-85C 


100 
CYM1471PF-100c 
PF03 
Commercial 


CYM1471LPF-100c 


CYM1471PS-100c 
PS05 


CYM1471LPS-100c 


120 
CYM1471PF-12OC 
PF03 
Commercial 


CYM1471LPF-12OC 


CYM1471PS-12OC 
PS05 


CYM1471LPS-12OC 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
Type 
Range 


85 
CYMl481PF-85C 
PF04 
Commercial 


CYMl481LPF-85C 


CYMl481PS-85C 
PS06 


CYMl481LPS-85C 


100 
CYMl481PF-100c 
PF04 
Commercial 


CYMl481LPF-100c 


CYMl481PS-100c 
PS06 


CYMl481LPS-100c 


120 
CYMl481PF-12OC 
PF04 
Commercial 


CYMl481LPF-12OC 


CYMl481PS-12OC 
PS06 


CYMl481LPS-12OC 


• 


-~.~ 
.1 ~:.~.= CYPRESS ~==================~ 
iF 
SEMICONDUCTOR 
256Kx 9 Buffered SRAM 
Module with Separate I/O 


Features 


• 
High-density 2-megabit SRAM module 
with parity 


• 
High-speed CMOS SRAMs 


- 
Access time of 30 ns 
• 
Buffered address and control inputs 


• 
Low active power 
- 
6.2W (max.) 


• 
SMD technology 
• 
TTlrcompatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .52 in. 


• 
Small PCB footprint 
-1.6 sq. in. 


Functional 
Description 


The CYM1540 is a very high performance 
2-megabit static RAM module organized 
as 256K words by 9 bits. This module is 
constructed using nine 256K x 1 static 
RAMs in SOJ packages mounted on an 
epoxy laminate board with pins. Input 
buffers are provided on the address and 
control lines to reduce input capacitance 
and loading. 
Writing to the module is accomplished 
when the chip select (CS) and write en- 
able (WE) inputs are both LOW: Data on 
the data input pins (DIo through DI.) of 


the device is written into the memory lo- 
cation specified on the address pins (An 
through A17). 
Reading the device ~ac- 


complished by taking chip select (CS) 
LOW; while write enable (WE) remains 
inactive or HIGH. Under these condi- 
tions, the contents of the memory loca- 
tion specified on the address pins (An 
through A17) will appear on the appropri- 
ate data output pins (DOo through DO.). 
The data output pins remain in a ~- 
impedance state when chip select (CS) is 
HIGH or when write enable (WE) is 
LOW: 


Pin Configuration 


SIP 


1540PF-30 
1540PF-35 
1540PF-45 


1540PS-30 
1540PS-35 
1540PS-45 


Maximum Access Time (ns) 
30 
35 
45 


Maximum Operating 
Current (mA) 
1125 
1125 
1125 


Maximum Standby Current (mA) 
350 
350 
350 


. 
,~ 
CYM1540 
=-;r ~ 
===================================;;;; 


Maximum 
Ratings 


(Above which the useful life may be impaired) 


Storage Temperature 
-45°C to + 125°C 


Ambient Temperature 
with 


PowerApplied 
-10°C to +85°C 


Supply Voltage to Ground Potential. 
. . . . . . .. 
-Q.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. 
. . . . . . . . . . . . . . . . . . . . . . . . .. 
-Q.5V to + 7.0V 


DC Input Voltage. . . . . . . . . . . . . . . . . . . . . . . .. 
-Q.5V to + 7.0V 


Range 
Ambient 
VCC 
Temperature 


Commercial 
O°C to +70°C 
5V ± 10% 


CYM1540PS 


Parameters 
Description 
Test Conditions 
Units 


Min. 
Max. 


VOH 
Output HIGH Voltage 
VCC = Min., IOH = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
VCC = Min., IOL = 8.0 mA 
0.4 
V 


\1HA 
Input HIGH Voltage 
2.0 
6.0 
V 
Ao- 
An <;S,~ 


\1HD 
Input HIGH Voltage 
2.2 
6.0 
V 
DIO- Dig 


\1LA 
Input LOW v~e 
0.8 
V 
AO- An 
~ 


\lw 
Input LOW Voltage 
-0.5 
0.8 
V 
DIO- Dig 


\lK 
Input Cla~ 
Level 
VCC = Min.,IIN 
= -18 mA 
-1.2 
V 
Ao-An 
,WE 


IlL 
Input Load Current 
GND .5- VI .5- \Cc 
-10 
+10 
~A 


Ioz 
Output Leakage Current 
GND .5- VO.5- \tc. 
Output Disabled 
-10 
+10 
~A 


Ice 
Vcc Operating 
Supply 
~c 
= Max., IOlIT = 0 mA, 
1125 
mA 
Current 
CS < VIL 


IsBl 
Automatic CS 
VCC = Max., CS 2. VIH, 
350 
mA 
Power-Down Current 
(1) 
Min. Duty Cycle = 100% 


ISB2 
Automatic CS 
VCC= Max., CS 2. \tC 
- 0.2Y, 
230 
mA 
Power-Down Current 
(1) 
VIN 
> 'tC 
- 0.2V or \IN 
< 0.2V 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA=25°C,f= 
1 MHz, 
15 
pF 


COlIT 
Output Capacitance 
Vce= 
5.0V 
15 
pF 


Notes: 
1. 
A pull-up resistor to Vcc on the CS input is required 
to keep the de- 


vice deselected 
during power-up, otherwise [S8 will exceed values 
given. 


AC Test Loads and Waveforms 


481!l 
481!l 
5V:=Fl 
5V:=F1 


OUTPUT 
OUTPUT 


30pF 
255!l 
5 pF 
255!l 


INCLUDING I 
INCLUDING I 


JIG AND 
-= 
-= 
JIG AND 
-= 
-= 
SCOPE 
SCOPE 


• 


1540PF-30 
1540PF·35 
1540PF·45 


Parameters 
Description 
1540PS·30 
1540PS-35 
1540PS·45 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


READ 
CYCLE 


tRC 
Read 
Cycle Time 
30 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
30 
35 
45 
ns 


tOHA 
Data 
Hold 
from 
Address 
Change 
5 
5 
5 
ns 


tACS 
CS LOW 
to Data 
Valid 
30 
35 
45 
ns 


tLZCS 
CS LOW 
to Low 
Z 
5 
5 
5 
ns 


tHzcs 
CS HIGH 
to High 
ZI41 
3 
20 
3 
20 
3 
25 
ns 


tpu 
CS LOW 
to Power-Up 
3 
3 
3 
ns 


tpD 
CS HIGH 
to Power-Down 
30 
35 
45 
ns 


WRITE 
CYCLE 
IS) 


twc 
Write 
Cycle 
Time 
30 
35 
45 
ns 


tscs 
CS LOW 
to Write 
End 
20 
25 
35 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
20 
25 
35 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
4 
4 
5 
ns 


tSA 
Address 
Set-Up 
from 
Write 
Start 
5 
5 
5 
ns 


tpwE 
WE 
Pulse 
Width 
20 
25 
35 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
20 
25 
35 
ns 


tHD 
Data 
Hold 
from 
Write 
End 
5 
5 
5 
ns 


tLZwE 
mHIGH 
to Low 
Z 
3 
3 
3 
ns 


tHzwE 
WE 
LOW 
to High 
Z 
(41 
3 
20 
3 
25 
3 
30 
ns 


Noles: 


3. 
Test conditions assume signal transition times of 5 os or less, timing 
reference 
levels of l.Sy, input levels of 0 to 3.0V and output loading 
of the specified IoLlIoH and 30-pF load capacitance. 
4. 
tHZCS and tHZWE are specified 
with CL = S pF as in part (b) of 
AC lest 
Loads. 'fransition 
is measured 
± SOO mV from steady state 
voltage. 


S. 
The internal write time of the memory is defined by the overlap of CS 
illW 
and WEillW. 
Both signals must be illW 
to initiate a write and 


either signal can terminate 
a write by going IIIGII. 
The data input 


set-up and hold timing should be referenced 
to the rising edge of the 


signal that terminates the write. 
6. 
WE is HIGH 
for read cycle. 


7. 
Device is continuously 
selected, 
CS = V'L' 


B. 
Address valid prior to or coincident with CS transition low. 


9. 
IfCSgoes 
HIGH simultaneously 
with WEIIIGH, 
the output remains 


in a high-impedance 
state. 
Switching Waveforms 


Read 
Cycle 
No. 
116. 7) 


ADDRESS~ 
__ 
tRC 
__ 
*""'----_ 


• 
~AA- 
tOHA 


_____ 
P_R_EV_'O_U_S_D_A_TAVAOO 
::::::::::::::::::::::::::DA:T:A:VA:L:,D::::::::::::::::::::= 
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Switching Waveforms (continued) 


Read Cycle No. 2(6,8J 


tHZCS 


DATA 
OUT 
HIGH 
IMPEDANCE 


DATAVAUD 


tpo:t:'cc 
Vcc 
SUPPLY 
50% 
IS8 


CURRENT 


1540-6 


Write Cycle No.1 (WE Controlled) 
(5] 


twc 


ADDRESS 


~ 


tSA 


WE 


DATA 
IN 


DATA 
OUT 
DATA UNDEFINED 
• 
154Q.7 


Write Cycle No.2 
(CS Controlled) 
IS, 9J 


twc 


ADDRESS 


tscs 
CS 


WE 
tpwE 


tso 


DATA 
IN 
DATA-IN 
VALID 


tHZWEl 
HIGH 
IMPEDANCE 
DATA 
OUT 
DATA UNDEFINED 


1540-8 


~~ 
~. 
,~ 
CYM1540 
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cs 
WE 
Data 
In 
Data 
Out 
Mode 


H 
X 
X 
HighZ 
Deselect/Power-Down 


L 
H 
X 
Data OutO_R Read 


L 
L 
Data InO-8 HighZ 
Write 


Operating 
Range 


Commercial 


Features 


• 
High-density 
g-megabit SRAM 


module plus parity 
• 
High-speed CMOS SRAMs 
- Access time of 30 ns 


• 
Buffered address and control inputs 
• 
Low active power 
- 
6.2W (max.) 


• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 
• 
Low profile 
- 
Max. height of 0.53 in. 


• 
Small PCB footprint 
- 
1.5 sq. in. 


l024K 
X 9 Buffered SRAM 


Module with Separate I/O 


Functional 
Description 


The CYM1560 is a very high performance 
8-megabit static RAM module organized 
as 1.024K words by 9 bits. This module is 
constructed 
using nine 1.024K x 1 static 
RAMs in SOJ packages mounted 
on an 


epoxy laminate 
board 
with pins. Input 
buffers are provided on the address and 
control lines to reduce input capacitance 
and loading. 


Writing to the 
module 
is accomplished 


when the chip select (CS) and write enable 
(WE) inputs are both LOW. Data on the 
data input pins (DIo through Dr.) of the 
device is written into the memory location 


specified on the address pins (Ao through 
AI9). 
Reading the device is accomplished 
by taking chip select LOW while write en- 
able remains 
inactive or HIGH. 
Under 


these 
conditions. 
the 
contents 
of 
the 


memory location specified on the address 
pins will appear on the appropriate 
data 


output pins. 


The data output pins remain in a high-im- 
pedance state when chip select is HIGH or 
when write enable is LOW. 


Pin Configuration 
SIP 


• 


CYM1560-30 
CYM1560-35 
CYM1560-45 


Maximum Access Time (ns) 
30 
35 
45 


Maximum Operating 
Current (mA) 
1125 
1125 
1125 


Maximum Standby Current (mA) 
350 
350 
350 


Maximum 
Ratings 


(Above which the useful life may be impaired) 


Storage Temperature 
- 45°C to + 125°C 
Ambient Temperature 
with 
Power Applied 
_10°C to +85°C 


Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- 0.3V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


Range 


Commercial 


Ambient 
Temperature 


O°C to + 70°C 


Vee 
5V:!: 
10% 


1560 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., 10H = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
V 


VJH 
Input HIGH Voltage 
2.2 
6.0 
V 


V,L 
Input LOW Voltage 
- 0.3 
0.8 
V 


V,K 
Input Cla!!ill Level 
Vee = Min., I'N = -18 mA 
-1.2 
V 
Ao - AI1, CS, WE 


I'L 
Input Load Current 
GND~ 
V,~ 
Vee 
- 10 
+10 
J.lA 


Ioz 
Output Leakage Current 
GND ~ 
Vo ~ 
Vee• Output Disabled 
- 10 
+ 10 
J.lA 


Ice 
Vee Operating 
Vee = Max.,CS~ 
V,L. 
1125 
mA 
Supply Current 
lOUT= 0 mA 


ISBl 
Automatic CS 
Max. Vee, CS 2. V'H, 
350 
mA 
Power-Down Currentl!] 
Min. Duty Cycle = 100% 


IsB, 
Automatic CS 
Max. Vee, MS 2. Vee - 0.2V, 
230 
mA 
Power-Down CurrentPJ 
V,N 2. Vee - 0.2Y, or V'N ~ 
O.2V 


Parameter 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C,f 
= 1 MHz, 
15 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
20 
pF 


Noles: 
1. 
A pull-upresistor to Vee on the CSinput isrequired to keep the de- 
2. 
Testedon a samplebasis. 
vice deselected during power-up, otherwise ISB will exceed values giv- 
en. 


OUTP~~31481!1 


3QPFI 
255!1 


INCLUDING_ 
_ 
JIG AND - 
- 
SCOPE (a) 


Equivalentto: 
THEVENINEQUIVALENT 
167!1 
OUTPUT0_-_ 
.••••••• 
__-- 
.•• 
0 1.73V 


5V31481!1 
OUTPUT 


5 pF 
255!1 


INCLUDINGI _ 
JIG AND - 
- 
SCOPE(b) 


ALL INPUTPULSES 


3.0V~ 
~ 
90% 
10% 


GND 
10% 


~ 
5 ns •••. 
k- 
..•. 
~ 5 ns 


1560-30 
1560-35 
1560-45 


Parameter 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
30 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
30 
35 
45 
ns 


IoHA 
Data 
Hold 
from 
Address 
Change 
5 
5 
5 
ns 


tAcs 
CS LOW 
to Data 
Valid 
30 
35 
45 
ns 


tLZCS 
CS LOW 
to Low 
Z 
5 
5 
5 
ns 


tHZCS 
CS HIGH 
to High 
Z14] 
2 
20 
2 
20 
2 
20 
ns 


tpv 
CS LOW 
to Power-Up 
3 
3 
3 
ns 


tpo 
CS HIGH 
to Power-Down 
30 
35 
45 
ns 


WRITE 
CYCLEIS] 


twc 
Write 
Cycle 
Time 
30 
35 
45 
ns 


tscs 
CS LOW 
to Write 
End 
20 
25 
35 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
20 
25 
35 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
5 
5 
5 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
5 
5 
5 
ns 


tpwE 
WE 
Pulse 
Width 
20 
25 
35 
ns 


tso 
Data 
Set-Up 
to Write 
End 
15 
20 
25 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
5 
5 
5 
ns 


tLZWE 
WE 
HIGH 
to Low 
Z 
2 
2 
2 
ns 


tHzwE 
WE 
LOW 
to High 
Z14] 
2 
20 
2 
20 
2 
20 
ns 


Notes: 
3. 
Test conditions assume signal transition times of 5 ns or less, timing 
reference 
levels of 1.5Y, input levels of 0 to 3.0V, output 
loading of 


the specified IOLlIoH, and 30-pF load capacitance. 


4. 
tHzcs and tHzwE are specified with CL = 5 pF as in part (b) of AC 
Test Loads. 
Transition 
is measured 
± 500 
mV from 
steady 
state 
voltage. 


5. 
The internal write time of the memory is defined by the overlap ofCS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate 
a write by going HIGH. The data input set- 
up and hold timing should be referenced 
to the rising edge of the signal 


that terminates the write. 
6. 
WE is HIGH 
for read cycle. 


7. 
Device is continuously 
selected, 
CS = VtL. 
• 


Switching 
Waveforms 


Read Cycle No. 
1[6.71 
---f= 
,~ 
*_ 
-t,o~~~~ 
_ 


_____ 
P_R_EV_~O_V_S_D_A_T~ 
o_A_TA_V_A_L_'D 
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Switching Waveforms 
(continued) 


Read Cycle No. 216.81 


Vcc 
SUPPLY 
CURRENT 


tpD -j 
------------------------------~ ::: 


DATAVAUD 
tH~El 


9. 
IfCS goes HIGH simultaneouslywilh 
WE HIGH, the output remains 


in a high-impedance state. 


CS 
WE 
Data In 
Data Out 
Mode 


H 
X 
X 
HighZ 
Deselect/Power-Down 


L 
H 
X 
Data OUIo-8 
Read 


L 
L 
Data InO-8 
High Z 
Write 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


30 
CYM1560PS-3OC 
PS07 
Commercial 


35 
CYM 1560PS-35C 
PS07 
Commercial 


45 
CYM 1560PS-45C 
PS07 
Commercial 


• 


Features 


• 
High-density 256K-bit SRAM module 


• 
High-speed CMOS SRAMs 
- 
Access time of 12 ns 


• 
Low active power 
-3W(max.) 


• 
Hermetic SMO technology 
• 
TfL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .215 in. 


• 
Small PCB footprint 
-1.2 sq. in. 


• 
JEOEC-defined 
pinout 
• 
Independent 
byte select 
• 
2V data retention 
(L version) 


Maximum Access Time (ns) 


Maximum Operating Current 
Com'l 


(mA) 


Maximum Standby Current 


(mA) 


Mil 


Com'l 


Mil 


Functional 
Description 


The CYM1610 is a high-performance 
256-kbit static RAM module organized 
as 16K words by 16 bits. This module is 
constructed from four 16K x 4 SRAMs 
in lead less chip carriers mounted on a 
ceramic substrate with pins. 
Selecting the device is achieved by a chip 
select..i!!J?u.!.J?inas well as two byte select 
pins (UB, LB) for independently 
selecting 
upper or lower byte for read or write 
operations. 
Writing to the memory module is accom- 
plished whe.!!..,!hechip select (CS), ~ 
select (UB, LB) and write enable (WE) 
inputs are LOW Data on the input/output 
pins of the selected byte (I10, - I/O IS, 


16K X 16 Static RAM 


Module 


I/Oo - I/O,) is written into the memory 
location specified on the address pins (Ao 
through A13). 
Reading the device~ 
accomplished...£l. 


taking chip selcct (CS), ~ 
select (UB, 


!:.ill and output enable (OE) LOW, while 
WE remains inactive or HIGH. Under 
these conditions, the contents of the 
memory location specified on the address 
pins will appear on the appropriate 
data 


input/output 
pins. 


The input/output 
pins remain in a high- 


impedance state when chip select (CS), 
~ 
select (UB, LB) or output enable 


(OE) is HIGH, or write enable (WE) is 
LOW 


Pin Configuration 


DIP 


Top View 


Vcc~ 
1/0,5 
I/O,. 
1/0,3 
1/0,2 
I/O" 
1/010 
1/09 
I/Oa 
GND 
1/07 
I/Oa 
1/05 
I/O. 
1/03 
1/02 
I/O, 
I~ 
OE 


161OHO-25 


25 


330 


360 


60 


60 


1610HO-35 


35 


330 


330 


60 


60 


1610HO-50 


50 


330 


330 


60 


60 


1610HO-45 


45 


330 


330 


60 


60 


. 
,~ 
CYM1610 
~, 
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Maximum Ratings 
(Above which the useful life may be impaired) 


Storage Temperature 
-65°C to + 150°C 


Ambient Temperature 
with 


Power Applied 
-55°C to + 125°C 


Supply Voltage to Ground Potential. 
. . . . . . .. 
-n.sV to + TOV 


DC Voltage Applied to Outputs 
in High Z State. 
. . . . . . . . . . . . . . . . . . . . . . . . .. 
-n.sV to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . . . .. 
-n.5V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Static Discharge Voltage. 
. . . . . . . . . . . . . . . . . . . . . . . .. 
> 2001V 


(per MIL-STD-883 Method 3015.2) 


Latch-Up Current 
>200 mA 


Range 
Ambient 
VCC 
Temperature 


Commercial 
O°C to +70°C 
5V ± 10% 


Military 
-55°C to + 125°C 
5V ± 10% 


~e-=- 
Max..:JOUT= 0 mA 
CS, UB, & LB = V1L 


Vee = Max., lOUT= 0 mA 
CS = V1L, UB or LB = V1L 


Max. Vce, CS 2. V1H, 
Min. Duty Cycle = 100% 


Automatic CS 
Max. Vcc, CS 2. Vee - O.3V, 


Power-Down Current 
(2J 
V1N2. Vee - O.3V or 
VIN~0.3V 


Shaded area contains 
preliminary 
information. 


Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Voltage 


Input LOW Voltage 


Input Load Current 


Output Leakage Current 


Output Short Circuit 
Current 
(lJ 


Vee = Min., IOH = -4.0 mA 


Vee = Min., IOL = 8.0 mA 


GND~ 
VI~ 
Vee 


GND ~ Vo ~ Vee, Output Disabled 


Vee = Max., VOUT= GND 


161OHD-20C 
1610HD-25 
161OHD-35 
161OHD-45 
Units 


1610HD-50 


Min. 
Max. 


2.4 
V 
0.4 
V 


2.2 
Vee 
V 


-n.5 
0.8 
V 


-15 
+ 15 
l-lA 


-15 
+15 
l-lA 


-350 
mA 


330 
mA • 


200 
mA 


60 
mA 


60 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
35 
pF 


CoUT 
Output Capacitance 
Vee = 5.0V 
25 
pF 


Vee Operating 
Supply Current 


Vee Operating 
Supply Current 


Automatic CS 
Power-Down Current 
(2J 


Notes: 


1. Not more than 1 output should be shorted at one time. Duration 
of the 
short circuit should not exceed 30 seconds. 


2. A pull-up resistor to Vee on the CE input is required 
to keep the de- 


vice deselected during Vee power-up, otherwise 
ISB will exceed values 


given. 
3. Tested on a sample basis. 


AC Test Loads and Waveforms 


R1 481fl 
R1 481fl 


OUTP::F1 
OUTP:.:F1 
R2 
R2 
.l~~ 
2~ 
.l5~ 
~ill 


~~8~~NG-= 
-= 
~~8~~~NG 
-= 
-= 
SCOPE 
SCOPE 


Equivalent to: 
THEVENIN EQUIVALENT 
167fl 
OUTPUT 
0 
••••• 0 1.73V 


READ CYCLE 


tRC 
Read 
Cycle 
Time 


tM 
Address 
to Data 
Valid 


tOHA 
Data 
Hold 
from 
Address 
Change 


tACS 
CS LOW 
to Data 
Valid 


tDOE 
OE 
LOW 
to Data 
Valid 


tLZOE 
OE 
LOW 
to Low 
Z 


tHZOE 
OE 
HIGH 
to High 
Z 


tLZCS 
CS LOW 
to Low 
Z [61 


tHZCS 
CS HIGH 
to High 
Z 
[5.6J 


tpu 
CS LOW 
to Power-Up 


tpD 
CS HIGH 
to Power-Down 


WRITE CYCLE 
(7) 


twc 
tscs 


tAw 


tHA 


tSA 


tpWE 


tSD 


tHO 


tLZWE 


tHZWE 


Write 
Cycle 
Time 


CS LOW 
to Write 
End 


Address 
Set-Up 
to Write 
End 


Address 
Hold 
from 
Write 
End 


Address 
Set-Up 
to Write 
Start 


WE 
Pulse 
Width 


Data 
Set-Up 
to Write 
End 


Data 
Hold 
from 
Write 
End 


WE 
HIGH 
to Low 
Z(6) 


WE 
LOW 
to Hi 
h Z[5.61 


Shaded area contains 
preliminary 
information. 


Notes: 


4. Test conditions 
assume signal transition 
times of 5 os or less, timing 
reference 
levels of 1.5V, input levels of 0 to 3.0V and output loading 


of the specified IOLlIoH and 30-pF load capacitance. 


5. tHZCS and tHzwE are specified 
with CL = 5 pF as in part (b) of 


AC Test Loads. nansition 
is measured 
± 500 mV from steady state 
voltage. 


6. At any given temperature 
and voltage condition, 
tHZCS is less than 


tLZCSfor any given device. These parameters 
are guaranteed 
and not 


100% tested. 


7. The internal write time of the memory isdefined by the overlap of CS 
LDWand 
WELDW. Both signals must be LDW to initiate a write and 


CYM1610 


either signal can terminate 
a write by going HIGH. 
The data input 


set-up and hold timing should be referenced 
to the rising edge of the 


signal that terminates 
the write. 


8. WE is HIGH 
for read cycle. 


9. Device is continuously 
selected, 
CS = V1Land OE = V1L. 


10. Address valid prior to or coincident 
with CS transition 
low. 


11. Data 
110 will be high impedance 
if OE = V1H. 


12. IfCS goes HIGH simultaneously 
wilh WE HIGH, the output remains 


in a high-impedance 
state. 


· 
,~ 
CYM1610 
~, 
~ 
;;:======================================================================= 


1610HO-25 
161OHO-35 
1610HO-45 
1610HO-50 
Parameters 
Oescription 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


READ CYCLE 


tRC 
Read Cycle Time 
25 
35 
45 
50 
ns 


tAA 
Address to Data Valid 
25 
35 
45 
50 
ns 


toHA 
Data Hold from Address Change 
5 
5 
5 
5 
ns 


tACS 
CS LOW to Data Valid 
25 
35 
45 
50 
ns 


tOOE 
OE LOW to Data Valid 
15 
20 
25 
30 
ns 


tLZOE 
OE LOW to Low Z 
5 
5 
5 
5 
ns 


tHZOE 
OE HIGH to High Z 
15 
15 
15 
20 
ns 


tLZCS 
CS LOW to Low Z16) 
5 
5 
5 
5 
ns 


tHZCS 
CS HIGH to Hi6h Z15,61 
10 
15 
15 
20 
ns 


tpu 
CS LOW to Power-Up 
0 
0 
0 
0 
ns 


tpo 
CS HIGH to Power-Down 
25 
35 
40 
50 
ns 


WRITE CYCLE 171 


twe 
Write Cycle Time 
25 
35 
45 
50 
ns 


tscs 
CS LOW to Write End 
22 
25 
35 
45 
ns 


tAW 
Address Set-Up to Write End 
22 
25 
30 
40 
ns 


tHA 
Address Hold from Write End 
3 
3 
3 
3 
ns 


tSA 
Address Set-Up to Write Start 
4 
4 
4 
4 
ns 


tpWE 
WE Pulse Width 
18 
25 
30 
30 
ns 


tso 
Data Set-Up to Write End 
13 
15 
15 
20 
ns 


tHO 
Data Hold from Write End 
3 
5 
5 
5 
ns 


tLZWE 
WE HIGH to Low Z16) 
3 
5 
5 
5 
ns 


tHZWE 
WE LOW to High ZI5,6) 
0 
7 
0 
12 
0 
12 
0 
15 
ns 


CYMI610 
Parameter 
Description 
Test Conditions 
Units 


Min. 
Max. 


\bR 
VCC for Retention 
Data 
VCC = 2.0Y, 
2.0 
V 


ICCDR 
Data Retention 
Current 
CS 2. VCC- 0.2V 
4 
mA 


\iN 
2. \tC 
- O.2V 


tCDR[l4] 
Chip Deselect to Data Retention 
Time 
orVIN ~0.2V 
0 
ns 


tR[l4] 
Operation 
Recovery Time 
tRCI13) 
ns 


ILl [14] 
Input Leakage Current 
8 
IJ.A 


Notes: 
13. 
IRC 
= Read Cycle Time. 


Switching Waveforms 
[10) 


Read Cycle No.1 [7,8) 
--{= 
t 
RC 
-c,~.~~ 


PREVIOUS DATAVAUO~========================D=AT=A=V=A=L1D==================== 
*=== 


CS 
VB 
LB 
OE 
WE 
Input/Outputs 
Mode 


H 
X 
X 
X 
X 
High 
Z 
Deselect/Power-Down 


L 
H 
H 
X 
X 
HighZ 
Deselect/Power-Down 


L 
L 
L 
L 
H 
Data 
Outo 
15 
Read 
Word 


L 
H 
L 
L 
H 
Data 
Outo_1 
Read 
Lower 
Byte 


L 
L 
H 
L 
H 
Data 
OutS_IS 
Read 
Upper 
Byte 


L 
L 
L 
X 
L 
Data 
InO_lS 
Write 
Word 


L 
H 
L 
X 
L 
Data 
Ino_1 
Write 
Lower 
Byte 


L 
L 
H 
X 
L 
Data 
Ins_Is 
Write 
Upper 
Byte 


L 
L 
L 
H 
H 
HighZ 
Deselect 


L 
H 
L 
H 
H 
HighZ 
Deselect 


L 
L 
H 
H 
H 
High 
Z 
Deselect 


Package 
Type 


·.CYM:i6i6ftDHiC··.··.····· 
RiYMI6ioHDJisc ~~tt 
.·CYMf6i\)ftiWBMB •..•• 


20 
CYM161OHD-2OC 


CYM1610LHD-2OC 
RXMl§iQEP+gq~I 


25 
CYM161OHD-25C 


CYM161OLHD-25C 


CYM1610HD-25MB 


CYM161OLHD-25MB 


35 
CYM161OHD-35C 


CYM161OLHD-35C 


CYM161OHD-35MB 


CYM1610LHD-35MB 


45 
CYM161OHD-45C 


CYM1610LHD-45C 


CYM 161OHD-45MB 


CYM 1610LHD-45MB 


50 
CYM161OHD-5OC 


CYM1610LHD-5OC 


CYM 161OHD-50MB 


CYM161OLHD-50MB 


Shaded area contains preliminary information. 
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Operating 
Range 


CommerCial 
cMiiriibrcial 
MnHMj· 


Commercial 


HDOI 
Commercial 


HDOI 


HDOI 
Military 


HDOI 


HDOI 
Commercial 


HDOI 


HDOI 
Military 


HDOI 


HDOI 
Commercial 


HDOI 


HDOI 
Military 


HDOI 


HDOI 
Commercial 


HDOI 


HDOI 
Military 


HDOI 


~_.,~ 
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Features 


• 
High-density 256-kilobit SRAM 
module 


• 
High-speed 
- Access time of 12 ns 


• 
16-bit-wide organization 


• 
Low active power 
- 
1.8W (max.) at 25 ns 


• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of 0.5 in. 


• 
Small PCB footprint 
- 
0.4 sq. in. (ceramic version) 
- 
0.6 sq. in. (plastic version) 


• 
2V data retention 
(L version) 


Functional 
Description 


The CYMI611 is a very high performance 
256-kilubit static RAM module organized 
as 16Kwords by 16bits. The modu Ie iscon- 
structed using four 16K x 4 static RAMs 
mounted on a vertical substrate with pins. 
The vertical DIP format minimizes board 
space 
while 
still 
keeping 
a maximum 
height of 0.5 in. 
Writing to the memory module is accom- 
plished when the chip select (CS) and write 
enable (WE) inputs are both WW Data 
on 
the 
sixteen 
input/output 
pins 
(Do 


through D'5) is written into the memory 


location specified on the address pins (Ao 
through A,,). 
Reading the device is accomplished by tak- 
ing chip select CS and ou~enable 
(OE) 


WW while write enable (WE) remains in- 
active or HIGH. Under these conditions, 
the contents of the memory location speci- 
fied on the address pins will appear on the 
sixteen data input/output 
pins. 


The input/output 
pins remain in a high- 


impedance state unless the module is se- 
lected, outputs are enabled, and write en- 
able (WE) is HIGH. 


Pin Configuration 


VDIP 


Top View 


Do 
, 
36 
Vcc 


D, 
2 
35 
D,s 


D2 
3 
34 
D,. 


D3 
• 
33 
D'3 


Ao 
5 
32 
D'2 • 


A, 
6 
31 
GND 


A2 
7 
30 
A'3 


A3 
8 
29 
A'2 


A. 
9 
28 
All 


As 
'0 
27 
AlO 


A6 


" 


26 
A9 


A7 
12 
25 
A8 


D. 
13 
2. 
D 


" 
D5 
,. 
23 
D,o 


D6 
'5 
22 
D9 


D7 
16 
2' 
~ 
cs 
17 
20 
WE 


GND 
18 
'9 
DE 


'6 


Do - D,s 


1611-1 
1611-2 


1611-12 
1611-15 
1611-20 
1611-25 
1611-30 
1611-35 
1611-45 


Maximum Access Time (ns) 
12 
15 
20 
25 
30 
35 
45 


Maximum Operating 
Current (mA) 
550 
550 
330 
330 
330 
330 
330 


Maximum Standby Current (mA) 
250 
250 
80 
80 
80 
80 
80 


Maximum Ratings 
(Above which the useful life may be impaired.) 


Storage Temperature 
- 65°C to + 125°C 


Ambient Temperature 
with 


Power Applied 
-lQoCto+85°C 


Supply Voltage to Ground Potenlial 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 


DC Input Voltage. . . . . . . . . . . . . . . . . . . . . •. 
- 0.5V to + 7.0V 


Output Current into Outputs (LOW) 
20 mA 


Electrical Characteristics 
Over the Operating Range 


I 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
I 
O°C to + 70°C 
5V ± 10% 


1611-20 
1611-25 


u- 
1611-30 
1611-12 
1611-35 
1611-15 
1611-45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., 10H = -4.0 mA 
2.4 
2.4 
V 


VOL 
Output WW Voltage 
Vee = Min., IOL = -8.0 mA 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
V 


VIL 
Input WW Voltage 
-0.5 
0.8 
-0.5 
0.8 
V 


II)( 
Input Load Current 
GND..$.. VI..$..Vee 
-20 
+20 
-20 
+20 
)lA 


loz 
Output Leakage Current 
GND..$..VI..$..Vee, Output Disabled 
-20 
+20 
-20 
+20 
)lA 


los 
Output Short Circuit Currentl!] 
Vee = Max., VOUT= GND 
-350 
-350 
mA 


Ice 
Vee Operating 
Supply 
Yee = Max., lOUT= 0 mA, 
550 
330 
mA 
CS..$.. VIL 


IsB! 
Automatic 
CS 
Power-Down 
Max. Vee, CS L VIH, 
250 
80 
mA 


Current 
Min. Duty Cycle = 100% 


IsBz 
Automatic 
CS 
Power-Down 
Max. Vee; CS L Vee - 0.3V, 
80 
mA 


Current 
VIN > Vee - 0.3V, or VIN < 0.3V 


Parameters 
Description 
Test Conditions 
Max. 
Units 
C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
40 
pF 
COUT 
. 
Output Capacitance 
Vee = 5.0V 
15 
pF 


Notes: 
1. 
Not more than 1 output should be shorted at one time. 
Duration 
of 
2. 
Tested on a sample basis. 
the short circuit should not exceed 30 seconds. 


R1481n 
R1481n 


5V~ 
5V5n 
OUTPUT 
R2 
OUTPUT 
R2 
30 pF 
255n 
5 pF 
255n 


INCLUDINGJ 
- 
INCLUDINGJ 
_ 


JIG AND 
- 
- 
JIG AND 
- 
- 
SCOPE 
SCOPE 


ALL INPUTPULSES 


90% 


(a), 


EqUivalentto: 
THEVENINEQUIVALENT 
167n 
OUTPUT0 
-. 
0 1.73V 


1611-12 
1611-15 
1611-20 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
12 
15 
20 
ns 


tAA 
Address 
to Data 
Valid 
12 
15 
20 
ns 


IoHA 
Data 
Hold 
from 
Address 
Change 
2 
2 
2 
ns 


tACS 
CS LOW 
to Data 
Valid 
12 
15 
20 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
10 
10 
10 
ns 


tLZOE 
OE 
LOW 
to Low 
Z 
2 
2 
3 
ns 


tHWE 
OE 
HIGH 
to High 
Zl41 
8 
8 
8 
ns 


tLZCS 
CS LOW 
to Low 
Z[5J 
3 
3 
5 
ns 


tHZCS 
CS HIGH 
to High 
Z14.51 
8 
8 
8 
ns 


tpv 
CS LOW 
to Power-Up 
0 
0 
0 
ns 


tpo 
CS HIGH 
to Power-Down 
12 
15 
20 
ns 


WRITE 
CYCLEI6j 


twc 
Write 
Cycle 
Time 
12 
15 
20 
ns 


tscs 
CS LOW 
to Write 
End 
10 
12 
15 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
10 
12 
15 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
2 
2 
2 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
ns 


tPWE 
WE 
Pulse 
Width 
10 
12 
15 
ns 


tso 
Data 
Set-Up 
to Write 
End 
10 
10 
10 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
2 
2 
2 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z[4] 
3 
3 
3 
ns 


tHZWE 
WE 
LOW 
to High 
Z 
0 
7 
0 
7 
0 
7 
ns • 


Notes: 
3. 
Test conditions assume signal transition times of 5 os or less, timing 
reference 
levels of l.SY, input levels of 0 to 3.0Y, and output loading 


of the specified IodIoH 
and 30-pF load capacitance. 
4. 
tHWE. tHZCS.and tHZWEare specified with CL = 5 pF as in part (b) 
of ACTest Loads. Transition 
is measured 
±SOO mVfrom steady state 
voltage. 


5. 
At any given temperature 
and voltage condition. 
tHZCSis less than 


tLZCS for any given device. These parameters are guaranteed and not 
100% tested. 


6. 
The internal write time of the memory is defined by the overlap of CS 
LOW and WE LOW Both signals must be LOW to initiate a write. 
and either signal can terminate 
a write by going HIGH. The data input 
set-up and hold timing should be referenced 
to the rising edge of the 


signal that terminates the write. 


1611-25 
1611-30 
1611-35 
1611-45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
25 
30 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
25 
30 
35 
45 
ns 


toHA 
Data 
Hold 
from 
Address 
Change 
3 
3 
3 
5 
ns 


tACS 
CS LOW 
to Data 
Valid 
25 
30 
35 
45 
ns 


tOOE 
OE 
LOW 
to Data 
Valid 
15 
20 
25 
30 
ns 


tLZOE 
OE 
LOW 
to Low 
Z 
0 
0 
0 
0 
ns 


tHWE 
OE 
HIGH 
to High 
Z14] 
10 
15 
20 
20 
ns 


tLZCS 
CS LOW 
to Low 
ZI51 
5 
10 
10 
10 
ns 


tHZCS 
CS HIGH 
to High 
Z14.51 
10 
15 
15 
20 
ns 


tpu 
CS LOW 
to Power-Up 
0 
0 
0 
0 
ns 


tpo 
CS HIGH 
to Power-Down 
20 
30 
35 
45 
ns 


WRITE 
CYCLEl61 


twc 
Write 
Cycle 
Time 
20 
25 
25 
35 
ns 


tscs 
CS LOW 
to Write 
End 
20 
25 
30 
40 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
20 
25 
30 
40 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
2 
2 
2 
2 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
2 
2 
2 
2 
ns 


tpWE 
WE 
Pulse 
Width 
20 
25 
25 
30 
ns 


tso 
Data 
Set-Up 
to Write 
End 
13 
20 
20 
25 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
2 
2 
2 
2 
ns 


tLZWE 
WE 
HIGH 
to Low 
ZI4J 
0 
7 
0 
12 
0 
12 
0 
15 
ns 


tHZWE 
WE 
LOW 
to High 
Z 
3 
5 
5 
5 
ns 


1611 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOR 
V cc for Retention 
of Data 
Vcc 
= 2.0V, 
2.0 
V 


ICCOR 
Data 
Retention 
Current 
CS 2:. Vcc 
- 0.2V, 
4 
mA 


teOR 
Chip 
Deselect 
to Data 
Retention 
Time 


V1N 2:. Vcc 
- 0.2V, 


0 
or V'N £. 0.2V 
ns 


tR 
Operation 
Recovery 
Time 
tRCP1 
ns 


ILl 
Input 
Leakage 
Current 
5 
J.lA 


NoleS: 
7. 
tRC = read cycle time. 


8. 
WE is HIGH 
for read cycle. 


9. 
Device is continuously 
selected, 
CS = V'L and OE = V'L. 


10. Address valid prior to or coincident 
with CS transition Ww. 


II. 
Data 
110 will be high impedance 
if OE = VIII. 


12. If CS goes HIGH simultaneously 
with WE HIGH, the output remains 


in a high-impedance state. 


DATA RETENTION MODE t 


45Vl: 
V_OR_""'-_2V_____ 
;5V 


~ 


\cOR -1'" 
tR~ 
III 7Z/~' 
V 


OR 


, 
;t::sSSS\ 


1611-5 


-------*------ 


• 
Vcc 


SUPPLY 
CURRENT 


tpu -:j r 50~ 
tpo ----j 
------...Jf--~----------------------------~::~ 


1611·7 


Switching Waveforms (continued) 


Write Cycle No.2 (CS Controlled) 
(6, 11, 12) 


tSD 


DATA VAllO 


tHZWEJ 
DATA UNDEFINED 
' 
HIGH 
IMPEDANCE 
----------------------- 


CS 
OE 
WE 
Inputs/ 
Mode 
Outputs 


H 
X 
X 
HighZ 
Deselect/ 
Power-Down 


L 
L 
H 
Data Out 
Read 


L 
L 
X 
Data In 
Write 


L 
H 
H 
HighZ 
Deselect 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
Type 
Range 


12 
CYMI61lHV-12C 
HVOI 
Commercial 


CYMI61lPV-12C 
PV03 


15 
CYMI611HV-15C 
HVOI 
Commercial 


CYMI61lPV-15C 
PV03 


20 
CYMI611HV -20C 
HVOI 
Commercial 


CYMI611LHV -20C 
HVOI 


CYMI611PV -2OC 
PV03 


CYMI61lLPV-20C 
PV03 


25 
CYMI61lHV-25C 
HVOI 
Commercial 


CYM161lLHV -25C 
HVOI 


CYMI61lPV-25C 
PV03 


CYMI61lLPV-25C 
PV03 


30 
CYMI61IHV-3OC 
HVOI 
Commercial 


CYMI61lLHV-30C 
HVOI 


CYMI61lPV-3OC 
PV03 


CYMI61lLPV-3OC 
PV03 


35 
CYMI611HV-35C 
HVOI 
Commercial 


CYMI611LHV-35C 
HVOI 


CYMI61lPV-35C 
PV03 


CYMI61lLPV-35C 
PV03 


45 
CYMI61IHV-45C 
HVOI 
Commercial 


CYMI61lLHV-45C 
HVOI 


CYMI61lPV-45C 
PV03 


CYM 161lLPV -45C 
PV03 


.-:_.~ 
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Features 


• 
Higb-density 
I-megabit 
SRAM 
module 


• 
Higb-speed CMOS SRAMs 
- Access time of 20 ns 


• 
4O-pin, 0.6-incb-wide DIP package 
• 
Low active power 
- 
1.9W (max.) 


• 
Hermetic 
SMD tecbnology 


• 
TTI.-compatible 
inputs and outputs 
• 
JEDEC-compatible 
pinout 
• 
Commercial 
and military 


temperature 
ranges 


Functional 
Description 


The CYMI620 is a very high performance 
I-megabit static RAM module organized 
as 64K words by 16bits. The module iscon- 
structed using four 32K x 8 static RAMs 
mounted 
onto a substrate. 
A decoder is 
used to interpret the higher-Qrder address 
A,. 
and select one of the two pairs of 
RAMs. 


Writing to the memory module is accom- 
plished when the chip select (CS),..Qi'.!.ese- 
lect (UB, LI3) and write enable (WE) in- 
puts are both LOW. Data on the input/out- 
put pins of the selected byte (lIO. through 
I/O,., I/Oo through 
I/07) is written into 


the memory location specified on thc ad- 
dress pins (Ao through A,.). 
Reading the device is accomplishe.s!.Qytak- 
ing chip select (CS)~e 
select (UB, ~ 
and output enable (WE) LOW, while WE 
remains inactive or HIGH. 
Under these 


conditions, the contents of the memory lo- 
cation specified on the address pins will 
appear on the appropriate data input/out- 
put pins. 


The input/output 
pins remain in a hJg!l- 


impedance 
state when chip select (CS), 


b~ 
select (UB, LB) or output 
enable 


(OE) is HIGH, 
or write enable (WE) is 
Ww. 


Logic Block Diagram 
Pin Configuration 


DIP 


Ao - A,. 
Top View 


'5 
~ 
A'5 
,. 
.0 
Vcc 


WI; 
~ 
2 
39 
WE 
1/0'5 
3 
38 
UB 


I/O,. 
• 
37 
TIi 


1/0,3 
5 
38 
A,. 


1/0'2 
6 
35 
A,3 


I/O" 
7 
34 
A'2 


A,5 
1/010 
a 
33 
A" 


~ 


1/09 
9 
32 
AIO 


I/Oa 
'0 
3' 
A9 • 


im 
I/Oa - 1/0,5 
GND 
" 


30 
GND 


1/07 
'2 
29 
Aa 


1/06 
'3 
2a 
A7 


1/05 
,. 
27 
A6 


I/O. 
'5 
25 
A5 


1/03 
'6 
25 
A. 


1/02 
17 
2' 
A3 


I/O, 
la 
23 
A2 


I~ 
'9 
22 
A, 
1/00 - 1/07 
OE 
20 
21 
Ao 


LB 


1620-1 
1620-2 


Selection Guide 
(620-20···· 
1620-25 
1620-30 
1620-35 
1620-45 
1620-55 


Maximum Access Time (ns) 
<20 
25 
30 
35 
45 
55 


Maximum Operating 
Current (mA) 
Commercial 
340 
340 
340 
340 
340 
340 


Military 
.}: 
<:: 
340 
340 


Maximum Standby Current (mA) 
Commercial 
140 
140 
140 
140 
140 


Military 
~ 
T 
140 
.:. 
140 
140 
140 


Maximum 
Ratings 
(Above which the useful life may be impaired.) 


Storage Temperature 
- 65°C to + 150°C 
Ambient Temperature 
with 
Power Applied 
(Commercial) _10°C to +55°C 
(Military) -55°C to + 125°C 
Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State. 
. . . . . . . . . . . . . . . . . . . . . . . .. - 0.5V to + 7.0V 
DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 
Output Current into Outputs (WW) 
20 mA 


Electrical 
Characteristics 
Over the Operating Range 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
-55°C to + 125°C 
5V ± 10% 


1620 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min .• 10H = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
V 


V1L 
Input LOW Voltage 
-0.5 
0.8 
V 


II)( 
Input Load Current 
GND~ 
VI~ 
Vee 
-10 
+10 
).lA 


Ioz 
Output Leakage Current 
GND ~ 
Vo ~ 
Vee• Output Disabled 
-10 
+10 
).lA 


Ios 
Output Short Circuit 
Vee = Max., VOUT= GND 
-300 
mA 


Current[1) 


ICCx16 
Vee Operating Supply 
Ycc.=...Max.,lovT 
= 0 mA, 
340 
mA 


Current 
CS, VB, and LB = V1L 
Ieexs 
Vee Operating 
Supply 
Ycc = Max~ouT 
= 0 mA, 
200 
mA 


Current 
CS ~ V1L,VB or LB = V1L 


IISBI 
Automatic CS Power-Down 
Max. Vee; CS 2. VIH 
140 
mA 


Currentl2] 
Min. Duty Cycle = 100% 


IISB2 
Automatic CS Power-Down 
Max. Vee; CS 2. Vee - O.3V, 
80 
mA 


Current!2] 
V1N > Vee - O.3Vor V1N< O.3V 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
35 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
40 
pF 


Notes: 
I. 
Not more than 1 output 
should be shorted at one time. 
Duration 
of 
the short circuit should not exceed 30 seconds. 


R1 481.n 
R1 481.n 


OUTP; 
~ 
R2 
OUTP~~ ~ 
R2 
,~,~~:Fi 1255 


.n 
,~,.~:Fi 1255 


.n 
INCLUDING J 
_ 
INCLUDING J 
_ 
JIG AND 
- 
- 
JIG AND 
- 
- 
SCOPE 
SCOPE 


(a), 
Equivalent to: 
THEVENIN EQUIVALENT 
167.n 
OUTPUT 0 
WOo 
0 1.73V 


2. 
A pull-up resislor to Vee on the CS input is required 
to keep the de- 
vice deselected 
during Vcc power-up, 
otherwise Isa will exceed values 


given. 
3. 
Tested on a sample basis. 


GND 


..s. 5 ns 


1620-20 
1620-25 
1620-30 
I 


Parameters 
Description 
MiD. .1> Max. 
Min. 
Max. 
Min. 
Max. 
I 
Units 


READ CYCLE 


tRC 
Read Cycle Time 
••>I 
25 
30 
ns 


tAA 
Address to Data Valid 
."". 
> 
25 
30 
ns 


IoHA 
Data Hold from Address Change 
3····· 
"I'" 
3 
3 
ns 


tAcs 
CS LOW to Data Valid 
'",. 
2Q 
25 
30 
ns 


tDOE 
OE LOW to Data Valid 
./ 
. 
10 
10 
15 
ns 


tLZOE 
OE LOW to Low Z 
0'> 
0 
0 
ns 


tHWE 
OE HIGH to High Z 
10 
10 
2Q 
ns 


tLZCS 
CS LOW to Low ZI5J 
;3 
3 
5 
ns 


tHZCS 
CS HIGH to High Z15,6J 
",//" 
20 
2Q 
2Q 
ns 


WRITE CYCLEI7J 


twc 
Write Cycle Time 
/29 
, 
25 
30 
ns 


tscs 
CS LOW to Write End 
)/ 
2Q 
25 
ns 


tAW 
Address Set-Up to Write End 
>I> 
2Q 
25 
ns 


tHA 
Address Hold from Write End 
2 
5 
ns 


tSA 
Address Set-Up to Write Start 
): 
", 
5 
5 
ns 


tpWE 
WE Pulse Width 
15 
2Q 
25 
ns 


tso 
Data Set-Up to Write End 
10) 
12 
18 
ns 


tHO 
Data HoJd from Write End 
2"", 
2 
3 
ns 


tLZWE 
WE HIGH to Low ZI5J 
,0' 
0 
5 
ns 


tHZWE 
WE LOW to High ZI5,6] 
o "'" 
8 
0 
10 
0 
15 
ns 


1620-35 
1620-45 
1620-55 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ CYCLE 


tRC 
Read Cycle Time 
35 
45 
55 
ns 


tAA 
Address to Data Valid 
35 
45 
55 
ns 


IoHA 
Data Hold from Address Change 
3 
5 
5 
ns 


tAcs 
CS LOW to Data VaJid 
35 
45 
55 
ns 


tDOE 
OE LOW to Data Valid 
18 
25 
30 
ns 


tLZOE 
OE LOW to Low Z 
0 
0 
0 
ns 


tHWE 
OE HIGH to High Z 
2Q 
2Q 
25 
ns 


tLZCS 
CS LOW to Low ZI5J 
3 
5 
5 
ns 


tHZCS 
CS HIGH to High Z15,6J 
2Q 
2Q 
25 
ns 


WRITE CYCLE(7) 


twc 
Write Cycle Time 
35 
45 
55 
ns 


tscs 
CS LOW to Write End 
30 
40 
45 
ns 
tAW 
Address Set-Up to Write End 
30 
40 
45 
ns 
tHA 
Address HoJd from Write End 
5 
5 
5 
ns 
tSA 
Address Set-Up to Write Start 
5 
5 
5 
ns 


tPWE 
WE Pulse Width 
25 
25 
30 
ns 


tso 
Data Set-Up to Write End 
18 
2Q 
25 
ns 


tHO 
Data HoJd from Write End 
3 
5 
5 
ns 


tLZWE 
WE HIGH to Low ZI5J 
5 
5 
5 
ns 


tHzwE 
WE LOW to High Z15,6J 
0 
15 
0 
15 
0 
25 
ns 


• 


Switching 
Waveforms[101 


ADDRESS 


DATA OUT 
PREVIOUS 
DATAVAUO 
~ 
D_A_TA_VA_U_D 
_ 
============*------- 


Vcc 
SUPPLY 
CURRENT 


t 
pD ==1 
--------------------------------500== 
:: 


1620-<> 


No",": 
4. 
Test conditions assume signal transition times of 5 os or less, timing 
reference 
levels of I.SV. input levels of 0 to 3.0V, and output loading 
of the specified JOLlloH and 30-pF load capacitance. 
5. 
At any given temperature 
and voltage condition. 
tHZCSis less than 
tLZCSfor any given device. These parameters 
are guaranteed 
and not 
100% tested. 


6. 
tHZCSand tHZWEare specified with CL = 5 pF as in part (b) of AC 
Test Loads. Transition is measured ±500 
mV from steady state volt- 
age. 
7. 
The internal write time of the memory is defined by the overlap ofCS 
LOW and WE LOW. Both signals must be LOW to initiate a write. 


and either signal can terminate 
a write by going H[GH. The data input 
set-up and hold timing should be reference 
to the rising edge of the 


signal that terminates the write. 


8. 
WE is H[GH for read cycle. 
9. 
Device is continuously 
selected. 
CS = VtL and OE = VtL. 


10. Address valid prior to or coincident 
with CS transition 
LOW 


11. Data [/0 will be high impedance 
if OE = VtH. 
12. IfCS goes H[GH simultaneously 
with WE H[GI!. the output remains 


in a high-im~dance 
state. 


Switching Waveforms (continued) 


Write Cycle No.2 (CS Controlled) 
p, 0, 12J 


tso 


DATA-IN VAUO 


t 


HZWE=:! 
~ 
HIGH 
IMPEQANCE 


CS 
UB 
LB 
OE 
WE 
Inputs/ 
Mode 
Outputs 


H 
X 
X 
X 
X 
HighZ 
Deselect! 
Power-Down 


L 
H 
H 
X 
X 
HighZ 
Deselect! 
Power-Down 


L 
L 
L 
L 
H 
Data OUIo_1S 
Read 


L 
H 
L 
L 
H 
Data ITlo_7 
Read Lower Byte 


L 
L 
H 
L 
H 
Data OUto_1s 
Read Upper Byte 


L 
L 
L 
X 
L 
Data InO_1S 
Write 


L 
H 
L 
X 
L 
Data Ino_7 
Write Lower Byte 


L 
L 
H 
X 
L 
Data InO_1S 
Write Upper Byte 


L 
L 
L 
H 
H 
HighZ 
Deselect 


L 
H 
L 
H 
H 
HighZ 
Deselect 
J 


L 
L 
H 
H 
H 
HighZ 
Deselect 
L 


Package 


Ordering Code 
'JYpe 


)9X~g~2(j}i~",2OCih(i),'j)04) 
....CYf4t()2Q1II);:-2OCit:HP04(\ 


CYM16WPD-25C 
PD04 


CYM16WHD-25C 
HD03 


CYM16WPD-3OC 
PD04 


CYM16WHD-3OC 
HD03 


IQYMl@9!IPj~9M~f 


CYM16WPD-35C 
CYM16WHD-35C 
g:gM!()#Q.@1t$$~~ 
CYM16WPD-45C 
CYM16WHD-45C 
CYM16WHD-45MB 


CYM16WPD-55C 


CYM16WHD-55C 
CYM16WHD-55MB 


Ordering Information 


Speed 
(ns) 


Operating 
Range 
• 
PD04 


HD03 
HD03 
PD04 


HD03 
HD03 


Military 
Commercial 


-~:~ 
CYM1621 
.if CYPRESS=~~~~~~~~~~~~~~~~~~~~~~~ 
F 
SEMICONDUCTOR 


Features 


• 
High-density 
I-megabit 
SRAM module 


• 
High-speed CMOS SRAMs 
- 
Access time of 20 ns 


• 
Customer 
configurable 
- 
x4, x8, x16 


• 
Low active power 
- 
6.8W (max.) 


• 
Hermetic SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .270 in. 


• 
Small PCB footprint 


- 
2 sq. in. 
• 
2V data retention 
(L version) 


Functional 
Description 


The CYM1621 is a high-performance 
I-megabit static RAM module organized 
as 64K words by 16 bits. This module is 
constructed from sixteen 64K x 1 SRAMs 
in leadless chip carriers mounted on a ce- 
ramic substrate with pins. Four separate 
CS pins are used to control each 4-bit 
nibble of the 16-bit word. This feature 
permits the user to configure this module 
as either 256K x 4, 128K x 8 or 64K x 16 
organization through external decoding 
and appropriate pairing of the outputs. 
Writing to the device is accomplished 
when the chip select (CSn) and write 
enable (WE) inputs are both Law. 
Data 
on the data lines (Ox) is written into the 


64K X 16 Static RAM 


Module 


memory location specified on the address 
pins (Ao through A,.). 
Reading the device is accomplished by 
taking the chi~lect 
(CSxx) LOW, while 


write enable (WE) remains HIGH. Undcr 
these conditions the contents of the mem- 
ory location specified on the address pins 
will appear on the data lines (Dx). 
The data output is in the high-impedance 
state when ch~nable 
(CSxx) is HIGH or 


write enable (WE) is LOW. 
Power is consumed in each 4-bit nibble 
only when the appropriate 
CS is enabled, 


thus reducing power in the x4 or x8 mode. 


GND 


D,s 
~'2-'S 
D4 
WE 


A, 


D14 
A2 
Ds 
A3 
A4 
D'3 
As 
D6 
A6 
A,4 
D'2 
CS4-7 


D7 
A,s 


Vcc 
D" 
~s-" 
Do 
Ao 
A'3 
DlO 
A,2 
D, 
A" 
AlO 
Dg 
Ag 
D2 
As 
A7 
Ds 
CSO-3 
D3 
GND 


162IHD-20 
162IHD-25 
162IHD-30 
162IHD-35 
162IHD-45 


Maximum Access Time (ns) 
20 
25 
30 
35 
45 


Commercial 
1250 
1250 
1250 
1250 
1250 


Maximum Operating 
Current (mA) 
Military 
1250 
1250 
1250 
1250 


Maximum Standby Current (mA) 
Commercial 
320 
320 
320 
320 
320 


Military 
320 
320 
320 
320 


-~ 
=-.-~ 
=-'1~ 
-::::::iii'F 
SEMICO'lIXCICR 
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Maximum Ratings 
(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature 
-65°C to + 150°C 
Operating 
Range 


Ambient Temperature 
with 
Power Applied 
-55°C to + 125°C 


Supply Voltage to Ground Potential. 
. . . . . . .. 
-0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. 
. . . . . . . . . . . . . . . . . . . . . . . . .. 
-D.sV to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . . . .. 
-D.5V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Electrical Characteristics 
Over the Operating Range 


Range 
Ambient 


VCC 
Temperature 


Commercial 
O°C to +70°C 
5V ± 10% 


Military 14] 
-55°C to + 125°C 
5V ± 10% 


Parameters 
Description 
Test Conditions 
CYM162IHD 
Units 


Min. 
Max. 


VOH 
Output HIGH Voltage 
VCC = Min., IOH = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
VCC = Min., IOL = 8.0 mA 
0.4 
V 


'1H 
Input HIGH Voltage 
2.2 
VCC 
V 


'1L 
Input LOW Voltage 
-0.5 
0.8 
V 


IIX 
Input Load Current 
GND .5- VI .5- \tC 
-20 
+20 
~ 


Ioz 
Output Leakage Current 
GND .5- VO.5- \t:c. Output Disabled 
-20 
+20 
~ 


Ios 
Output Short Circuit 
VCC = Max., VOUT = GND 
-350 
mA 
Current III 


IcCx16 
VCCOperating 
Supply 
Yl:;c = Max., lOUT = 0 mA 
1250 
mA 
Current by 16 mode 
CSxx .5- VIL 


IcCx8 
VCCOperating Supply 
Yl:;c = Max., lOUT = 0 mA 
850 
mA 
Current by 8 mode 
CSxx .5- VIL 


IcCx4 
VCCOperating 
Supply 
~c 
= Max., lOUT = 0 mA 
650 
mA 
Current by 4 mode 
xx .5- VIL 


IsBI 
Automatic CS 
Max. \tC, 
CSxx -"- '1H 
320 
mA 
Power-Down Current 
121 
Min. Duty Cycle = 100% 


IsB2 
AutomaticCS 
Max. VCC, CSxx -"- VCC- 0.3V, 
320 
mA 
Power-Down Current 
12] 
VIN -"- VCC - O.3Vor VIN -"- 0.3V 
• 


Parameters 
Description 
Test Conditions 
Max, 
Units 


CIN 
Input Capacitance 
TA = 25°C, f = 1 MHz 
130 
pF 


COUT 
Output Capacitance 
VCC= 5.0V 
15 
pF 


Notes: 
1. Not more than 1output shouldbe shorted at one time.Duration of the 
short circuit should not exceed 30 seconds. 
2. Apull-upresistortoVcc on theCS inputisrequired to keep thedevice 
deselected during \l::c power-up, otherwise ISB will exceed values 
given. 


3. Jested initiallyand after anydesignor processchangesthat mayaffect 


these parameters. 


4. TA is the "instant on" case temperature. 


162lHD-20 
1621HD·25 
162lHD-30 
162lHD·35 
162lHD-45 
Parameters 
Description 
Unit 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
20 
25 
30 
35 
45 
ns 


tM 
Address 
to Data 
Valid 
20 
25 
30 
35 
45 
ns 


toHA 
Output 
Hold 
from 
Address 
Change 
5 
5 
5 
5 
5 
ns 


tACS 
CS LOW 
to Data 
Valid 
20 
25 
30 
35 
45 
ns 


tLZCS 
CS LOW 
to Low 
Zl7J 
5 
5 
5 
5 
5 
ns 


tHZCS 
CS HIGH 
to High 
Z16.7J 
10 
20 
25 
30 
30 
ns 


tpu 
CS LOW 
to Power-Up 
0 
0 
0 
0 
0 
ns 


tpo 
CS HIGH 
to Power-Down 
20 
25 
30 
35 
35 
ns 


WRITE 
CYCLE 
181 


twc 
Write 
Cycle 
Time 
20 
25 
30 
35 
45 
ns 


tscs 
CS LOW 
to Write 
End 
15 
22 
25 
30 
40 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
15 
22 
25 
30 
40 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
0 
0 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
2 
2 
3 
5 
5 
ns 


tpWE 
WE 
Pulse 
Width 
16 
20 
20 
25 
30 
ns 


tso 
Data 
Set-Up 
to Write 
End 
10 
15 
20 
20 
25 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
2 
3 
5 
5 
5 
ns 


tLZWE 
WE 
HIGH 
to Low 
Z[71 
5 
5 
5 
5 
5 
ns 


tHzwE 
WE 
LOW 
to High 
Z[6.7J 
0 
20 
0 
20 
0 
25 
0 
25 
0 
25 
ns 


Notes: 


5. 'lest conditions assume signal transition times of 5 os or less, timing 


reference 
levels of 1.5V, input levels of 0 to 3.0V and output loadingof 
the specified IodIoH 
and 30-pF load capacitance. 
6. tHZCS and tHZWEare specified with CL = 5 pFasin 
part (b)ofAClCst 
Loads. 'Jj-ansition is measured 
±500 
mV from steady state voltage. 


7. At any given temperature 
and voltage condition, 
tHZCS is less than 
t LZCS for any given device. 
8. The internal write time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced 
to the rising edge of the 


signal 
that terminates the write. 


9. 
WE is HIGH 
for read cycle. 


10. Oevice is conlinuously 
selected, 
CS = VtL. 


II. 
IfCS goes HIGH simultaneousiywith 
WE HIGH, the output remains 


in a high-impedance 
state. 


R1 329!l 
R1 329!l 


5V ~(481 
n MIL) 
5V ~(481 
n MIL) 


OUTPUT 
OUTPUT 


30 pF 
~2.0 
5 pF 
~62.0 
I 
(255 n MIL) 
I 
(255 n MIL) 
-= 
-= 
-=-= 
INCLUDING 
JIG AND 
SCOPE 
(a) 


INCLUDING 
JIG AND 
SCOPE 


(b) 
, 


Equivalent to: 
THEVENIN EQUIVALENT 
167n 
OUTPUT 0 
.v. 
0 1.73V 


Military 


~ 
~~ 
=-r~ 
=========================CY=M=1;;;62=1 


Data RetentIon 
haractenstIcs 
(L Version Onl 


CYM1621 


Parameter 
Description 
Test Conditions 
Units 


Min. 
Max. 


\bR 
VCC for Retention 
of Data 
VCC = 2.0V, 
2.0 
V 


ICCOR 
Data Retention 
Current 
CS 2. VCC- 0.2V 
16 
mA 


Chip Deselect to Data Retention 
Time 
\iN2. 
\tC 
- 0.2V 


0 
'cOR 
or \iN S- 0.2V 
ns 


tR 
Operation 
Recovery Time 
tRC[12] 
ns 


ILl 
Input Leakage Current 
10 
fIA 


Notes: 
12. 
IRe = Read Cycle Time. 


Switching Waveforms (10) 


Read Cycle No. 1[9. 10]~ ,~*- 


~:=U========================D=A=TA=V=A=LlD==================== • 


· 
-------=- 
===::J~ 
CYM1621 
=-~~ 
;;;===========================------------ 


Switching Waveforms (continued) 


Read Cycle No.2 
[9, lOJ 


Vcc 


SUPPLY 
CURRENT 
_____t_ 


pu_1-so-%---------------------------t- 


P 


- 


D-:t ::~ 


t 


HZWE :Q 
DATA UNDEFINED 
' 
HIGH 
IMPEPANCE 
-------------------------- 


. 
~ 


~~ 
CYM1621 
=, SEMIC'CtIDOC'TC ================================== 


CS"" 
WE 
Input/Outputs 
Mode 


H 
X 
HighZ 
Deselect/Power-Down 


L 
H 
Data Out 
Read 


L 
L 
Data In 
Write 


Speed 
Ordering Code 
Package 
Operating 


'IYpe 
Range 


20 
CYM1621HD-2OC 
HD02 
Commercial 


CYM1621LHD-2OC 
HD02 


25 
CYM 1621HD-25C 
HD02 
Commercial 


CYM1621LHD-25C 
HD02 


CYM1621HD-25MB 
HD02 
Military 


CYM1621LHD-25MB 
HD02 


30 
CYM1621HD-3OC 
HD02 
Commercial 


CYM 1621LHD-3OC 
HD02 


CYM1621HD-30MB 
HD02 
Military 


CYM1621LHD-30MB 
HD02 


35 
CYM1621HD-35C 
HD02 
Commercial 


CYM1621LHD-35C 
HD02 


CYM1621HD-35MB 
HD02 
Military 


CYM1621LHD-35MB 
HD02 


45 
CYM1621HD-45C 
HD02 
Commercial 


CYM1621LHD-45C 
HD02 


CYM1621HD-45MB 
HD02 
Military 


CYM1621LHD-45MB 
HD02 
• 


==:-. -.:_.~ 
-:4 CYPRESS 
- 
F 
SEMICONDUCTOR 


Features 


• 
High-density 
l·megabit 
SRAM 
module 


• 
High-speed CMOS SRAMs 
- Access time of 25 ns 


• 
Low active power 
- 
2.2W (max.) 


• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 
• 
Pinout compatible with CYM1611 
and CYM1624 


• 
Low profile 
- 
Max. height of .50 in 


• 
Small PCB footprint 
- 
0.5 sq. in. (ceramic) 
- 
0.68 sq. in. (FR4) 


Functional 
Description 


The CYM1622 is a very high performance 
I-megabit static RAM module organized 
as 64K words by 16bits. The module iscon- 
structed using four 64K x 4 static RAMs 
mounted 
onto 
a vertical substrate 
with 
pins. The pinout of this module is compat- 
ible 
with 
two 
other 
Cypress 
modules 
(CYMI611 
and CYMI624) 
to maximize 
system flexibility. 


Writing to the memory module is accom- 
plished when the chip select (CS) and write 
enable (WE) inputs are both LOW Data 
on 
the 
sixteen 
inpuVoutput 
pins 
(IlOo 
through I/O,,) of the device is written into 


the memory location specified on the ad- 
dress pins (Ao through A,,). 


Reading the device is accomplished by tak- 
i!!lLchip select (CS) and output 
enable 


(OE) LOW while write enable (WE) re- 
mains inactive or HIGH. 
Under 
these 


conditions, the contents of the memory lo- 
cation specified on the address pins will 
appear on the appropriate 
data inpuVout- 


put pins. 
The inpuVoutput 
pins remain in a high- 


impedance state unless the module is se- 
lected, outputs are enabled, and write en- 
able (WE) is HIGH. 


VDIP 


Top View 


1/°0 
I/O, 
1/°2 
1/03 


Ao 
A1 
A2 
A3 
A. 
As 
A6 
A] 


I/0. 
1/°5 
1/°6 
I/O] 


CS 


GND 
AI, 
NC 


Vcc 
1/0,5 
1/°1• 
1/013 
1/°12 
GND 
A,3 
A'2 
A'l 
AlO 
Ag 
A8 
1/°11 
1/°10 
I/Og 
1/08 
WE 
OE 
A'5 
NC 


1622-25 
1622-30 
1622·35 
1622-45 


Maximum Access Time (ns) 
25 
30 
35 
45 


Maximum Operating 
Current (mA) 
400 
400 
400 
400 


Maximum Standby Current (mA) 
140 
140 
140 
140 


Maximum Ratings 
(Above which the useful life may be impaired.) 


Storage Temperature 
-65°Cto 
+ 125°C 


Ambient Temperature 
with 
Power Applied 
_lOoC to +8O°C 


Supply Voltage to Ground Potential . . . . • . .. - 0.5V to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State. 
.. . .. . .. .. . . . .. .. . . . .. . .. - 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


Output Current into Outputs (LOW) 
20 mA 


Range 


Commercial 


Ambient 
Temperature 


O°C to + 70°C 


Vee 
5V ± 10% 


CYM1622 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOIl 
Output HIGH Voltage 
Vee = Min., lOll = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min.,loL 
= 8.0 mA 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
V 


V1L 
Input LOW Voltage!ll 
-0.5 
0.8 
V 


10{ 
Input Load Current 
GND~ 
VI~ 
Vee 
-20 
+20 
~ 
Ioz 
Output Leakage Current 
GND ~ 
Vo~ 
Vee, Output Disabled 
-10 
+10 
~ 
Ice 
Vee Operating Supply 
Yce = Max., lOUT= 0 mA, 
400 
mA 


Current 
CS~ 
V1L 


IlsBI 
Automatic CS Power-Down 
Vec = Max.; CS 2. VIH 
140 
mA 


Current 
Min. Duty Cycle = 100% 


IIsB2 
Automatic CS Power-Down 
Vee = Max.; CS 2. Vee - 0.2Y, 
80 
mA 


Current 
V1N > Vce - 0.2V or V1N< 0.2V 
• 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
35 
pF 


CoUT 
Output Capacitance 
Vee = 5.0V 
15 
pF 


Notes: 
1. 
VIl.(MIN)= -3.0V 
for pulse widths less than 20 ns. 


AC Test Loads and Waveforms 
481!l. 
481!l. 
5V~ 
5Vsn 
OUTPUT 
OUTPUT 
30 pF 
255!l. 
5 pF 
255!l. 


j~8~~NG~ 
= 
j78~~NG~ 
= 
SCOPE 
SCOPE 


, 


Equivalent to: 
THEVENIN EQUIVALENT 
167!l. 


OUTPUT0 
•.•••• 
0 
1.73V 


1622-25 
1622-30 
1622-35 
1622-45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
25 
30 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
25 
30 
35 
45 
ns 


IoHA 
Data 
Hold 
from 
Address 
Change 
3 
3 
3 
3 
ns 


tACS 
CS LOW 
to Data 
Valid 
25 
30 
35 
45 
ns 


tOOE 
OE 
LOW 
to Data 
Valid 
15 
20 
25 
30 
ns 


tLZOE 
OE 
LOW 
to Low 
Z 
0 
0 
0 
0 
ns 


tHWE 
OE 
HIGH 
to High 
Z 
15 
20 
20 
20 
ns 


tLZCS 
CS LOW 
to Low 
Z 
3 
3 
3 
3 
ns 


tHZCS 
CS HIGH 
to High 
Z14] 
15 
20 
20 
20 
ns 


tpu 
CS LOW 
to Power-Up 
0 
25 
0 
30 
0 
35 
0 
45 
ns 


tpo 
CS HIGH 
to Power-Down 
25 
30 
35 
45 
ns 


WRITE 
CYCLEIS] 


twc 
Write 
Cycle 
Time 
25 
30 
35 
45 
ns 


tscs 
CS LOW 
to Write 
End 
20 
25 
30 
40 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
20 
25 
30 
40 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
3 
3 
3 
3 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
2 
2 
2 
2 
ns 


tpwE 
WE 
Pulse 
Width 
20 
25 
25 
30 
ns 


tso 
Data 
Set-Up 
to Write 
End 
15 
20 
20 
25 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
2 
2 
2 
2 
ns 


tLZWE 
WE 
HIGH 
to Low 
Z 
0 
0 
0 
0 
ns 


tHZWE 
WE 
LOW 
to High 
ZI41 
0 
15 
0 
15 
0 
15 
0 
20 
ns 


Notes: 
3. 
Test conditions 
assume signal transition 
times of 5 os or less, timing 


reference 
levels of 1.Sv, input levels of 0 to 3.0V, and output loading 


of the specified 10L/loH and 30-pF load capacitance. 


4. 
tHZCSand tHzwE are specified with CL = 5 pF as in part (b) of AC 
Test Loads. 
ltansition 
is measured 
± 500 
mV from 
steady-state 
voltage. 


5. 
The internal write time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write, 


and either signal can terminate 
a write by going HIGH. The data input 


set-up and hold timing should be refercnce 
to the rising edge of Ihe 


signal that terminates 
the write. 
6. 
WE is HIGH 
for read cycle. 
7. 
Device is continuously 
selected, 
CS = V1L. 
8. 
Address valid prior to or coincident 
with Cs transition 
LOW. 


9. 
If CS goes HIGH simultaneously 
with WE HIGH, the output remains 


in a high-impedance 
state. 


Switching 
Waveforms 


ADDRESS 


DATA OUT 
PREVIOUS 
DATAVALJD 
D_A_T_A_VA_L_'D 
_ 
---*-- 


tHZOE 


tHZCS 


HIGH 
IMPEDANCE 


DATAVAUD 


tpo:t'cc 


50% 
19B 


1622-6 


twc 


tscs 


tAW 
tpwE 


tso 


DATA-IN 
VAUD 
• 


tHZWE~ 
tUWE=l 
HIGH 
IMPEDANCE 


1622-7 


Switching Waveforms (continued) 


Read Cycle No. 216,8) 


Vcc 
SUPPLY 
CURRENT 


tHZWEJ 
HIGH 
IMPEDANCE 
DATA UNDEFINED 
-------------------------- 


CS 
OE 
WE 
Inputs/Outputs 
Mode 


H 
X 
X 
HighZ 
Deselect/Power-Down 


L 
L 
H 
Data Out 
Read 


L 
X 
L 
Data In 
Write 


L 
H 
H 
HighZ 
Deselect 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


25 
CYM1622HV-25C 
HV03 
Commercial 


CYM1622PV-25C 
PV04 


30 
CYM1622HV -3OC 
HV03 
Commercial 


CYM1622PV -3OC 
PV04 


35 
CYM1622HV -35C 
HV03 
Commercial 


CYM 1622PV-35C 
PV04 


45 
CYM1622HV -45C 
HV03 
Commercial 


CYM1622PV -45C 
PV04 


Features 


• 
High-density 
I-megabit 
SRAM module 


• 
High-speed CMOS SRAMs 


- Access time of 25 ns 


• 
Low active power 
- 
2.75W (max.) 


• 
SMD technology 


• 
TTL-compatible 
inputs and outputs 


• 
Pin layout compatible 
with CYM1611 


and CYM1622 


• 
Low profile 
- 
Max. beight of .54 in. 


• 
Small PCB footprint 
-0.7 sq. in. 


Functional 
Description 


The CYMI624 is a very high performance 
I-megabit static RAM module organized 
as 64K words by 16 bits. This module is 
constructed using four 64K x 4 static 
RAMs in SOl packages mounted on an 
epoxy laminate board with pins. The 
pinout of this module is compatible with 
two other Cypress modules (CYMI611 
and CYM1622) to maximize system 
flexibility. 
Writing to the module is accomplished 
when the chip select (CE) and write en- 
able (WE) inputs are both LOW: Data on 
the sixteen input/output 
pins (1/00 


through 1/015) of the device is written 


into the memory location specified on the 
address pins (Ao through A15). 
Reading the device is accomplished by 
taking c!:!E..select (CS) LOW, while write 
enable (WE) remains inactive or HIGH. 
Under these conditions, the contents of 
the memory location specified on the ad- 
dress pins (Ao through A15) will appear on 
the appropriate 
data input/output 
pins 


(1100 through 1/015). 
The data input/output 
pins remain in a 


~h-impedance 
state when chip sele<:!..- 


(CS) is HIGH or when write enable (WE) 
is LOW: 


Pin Configuration 


Plastic VDIP 


1/00 
,. 
Vcc 


I/O, 
2 
1/°'5 


1/02 
3 
I/O,. 


1/°3 
• 
1/0,3 


Ao 
5 
1/0,2 


A, 
6 
GND 


A2 
7 
A,3 


A3 
8 
A,2 


A. 
9 
A" • 


As 
'0 
AlO 


A6 
" 
Ag 


A7 
'2 
A8 


I/0. 
'3 
I/0" 


1/°5 
,. 
1/°10 


1/°6 
'5 
I/Og 


1/°7 
'6 
1/°8 
cs 
17 
WE 


GND 
'8 
NC 


1/°0 -1/°'5 
A,. 
,g 
A,s 


NC 
20 
NC 


'62.-, 
'62'-2 


1624PV-25 
1624PV-35 
1624PV-45 


Maximum Access Time (ns) 
25 
35 
45 


Maximum Operating 
Current (mA) 
500 
500 
500 


Maximum Standby Current (mA) 
160 
160 
160 


Maximum Ratings 
(Above which the useful life may be impaired) 


Storage Temperature. 
. 
. 
-45°C to + 125°C 


Ambient Temperature 
with 


Power Applied 
_10°C to +85°C 


Supply Voltage to Ground Potential. 
. . . . . . .. 
-0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. 
. . . . . . . . . . . . . . . . . . . . . . . . .. 
-0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . . . .. 
-0.5V to + 7.0V 


Range 
Ambient 
VCC 
Temperature 


Commercial 
0°Cto+70°C 
5V ± 10% 


CYM1624PV 
Parameters 
Description 
Test Conditions 
Units 


Min. 
Max. 


VOH 
Output HIGH Voltage 
VCC = Min., IOH = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
V 


\lH 
Input HIGH Voltage 
2.2 
Vee 
V 


\lL 
Input LOW Voltage [II 
-0.5 
0.8 
V 


IIX 
Input Load Current 
GND -"- \'J 
-"- Vee 
-20 
+20 
flA 


Ioz 
Output Leakage Current 
GND -"- Va -"- Vec. Output Disabled 
-20 
+10 
flA 


Ice 
Vee Operating 
.YJ;::e= Max., lOUT = 0 mA, 
500 
mA 
Supply Current 
CS 


-"- VIL 


IsBI 
Automatic CS 
Vee = Max., CS 2. VIH, 
160 
mA 
Power-Down Current 
Min. Duty Cycle = 100% 


Automatic CS 
Vee = Max., CS 2. \te 
- O.2V, 


ISB2 
Power-Down Current 
VIN 2. Vee - 0.2V or 
80 
mA 


VIN -"- 0.2V 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
35 
pF 


COUT 
Output Capacitance 
Vee= 
5.0V 
15 
pF 


Notes: 


I. 
V1L(M1N)= -3.0V 
for pulse widths less than 20ns. 


4810 
4810 
5V:=F1 
5V:Fl 
OUTPUT 
OUTPUT 


30 pF 2550 
5pF 2550 


INCLUDING J:. 
-= 
INCLUDING J:. 
-= 


JIG AND 
JIG AND 


SCOPE 
SCOPE 


CYM1624 


Switchim 
Characteristics 
Over the Operating Range 
(31 


1624PV·25 
1624PV-35 
1624PV-45 
Parameters 
Description 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


READ CYCLE 


tRC 
Read Cycle Time 
25 
35 
45 
ns 


tAA 
Address to Data Valid 
25 
35 
45 
ns 


toHA 
Data Hold from Address Change 
3 
3 
3 
ns 


tACS 
CS LOW to Data Valid 
25 
35 
45 
ns 


tucs 
CS LOW to Low Z 
5 
5 
5 
ns 


tHZCS 
CS HIGH to High Zl41 
15 
25 
30 
ns 


tpu 
CS LOW to Power-Up 
0 
0 
0 
ns 


tpo 
CS HIGH to Power-Down 
25 
35 
45 
ns 


WRITE CYCLE 


twc 
Write Cycle Time 
25 
35 
45 
ns 


tscs 
CS LOW to Write End 
20 
30 
35 
ns 


tAW 
Address Set-Up to Write End 
20 
30 
35 
ns 


tHA 
Address Hold from Write End 
3 
5 
5 
ns 


tSA 
Address Set-Up from Write Start 
2 
3 
5 
ns 


tpWE 
WE Pulse Width 
20 
25 
35 
ns 


tso 
Data Set-Up to Write End 
15 
20 
20 
ns 


tHO 
Data Hold from Write End 
3 
5 
5 
ns 


tuWE 
~ 
HIGH to Low Z 
3 
3 
2 
ns 


tHZWE 
WE LOW to High Z [4J 
0 
15 
0 
15 
0 
15 
ns 


Notes: 


3. 
Test conditions assume signal transition times of 5 os or less, timing 
reference levelsof 1.5Y,input levelsof 0 to 3.0Vand output loading 
of the specified IOLlIoHand 30-pF load capacitance. 
4. 
tHZCSand tHZWEare specified with CL = 5 pF as in part (b) of 
AC TestLoads. nansition is measured +500 mV from steadystate 
voltage. 
5. 
The internalwritetimeof the memoryisdefinedbytheoverlapofCS 
WW and WEWw. Bothsignalsmustbe WW to initiateawriteand 


either signalcan tenninate a write by going HIGH. The data input 
•• 
set-upand holdtimingshouldbe referenced to the risingedgeof the 
signalthat terminates the write. 
6. 
WE is HIGH for read cycle. 
7. 
Device is continuously selected, CS = VIL- 
8. 
Addressvalid prior to or coincident with CS transition low. 


9. 
IfCS goesHIGH simultaneouslywithWEHIGH, theoutput remains 
in a high-impedancestate. 


Switching Waveforms 


Read Cycle No.1 [6,71 


Switching Waveforms (continued) 


Read Cycle No. 2(6,8) 


Vcc 
SUPPLY 
CURRENT 


CYM1624 


t 
pD =:1~._ 
-----------------------------_.~ ::: 


tSD 


DATA-IN 
VALID 


tLZWE --l 


HIGH 
IMPEDANCE 
4::::::::::::: 


tHZWE~ 
HIGH 
IMPEDANCE 
---------------------- 


. 
~ 
,~ 
CYM1624 
~, 
SEMICCNDlJCI'a( ===================================;;;; 


CS 
WE 
Input/Outputs 
Mode 


H 
X 
Hi~h Z 
Deselect Power-Down 


L 
H 
Data Out 
Read 


L 
L 
Data In 
Write 


Speed 
Ordering 
Code 
Package 
Operating 
l)'pe 
Range 


25 
CYM 1624PV-25C 
PVOI 
Commercial 


35 
CYM1624PV-35C 
PVOI 
Commercial 


45 
CYM1624PV -45C 
PVOl 
Commercial 


• 


Features 


• 
High-density 4-megabit SRAM 
module 
• 
High-speed CMOS SRAMs 
- Access time of 25 ns 


• 
Customer 
configurable 
- x4, x8, x16 


• 
Low active power 
-lOW(max.) 


• 
Hermetic SMD technology 
• 
TTI.-compatible 
inputs and outputs 
• 
Low profile 
- 
Max. height of .300 in. 


• 
Small PCB footprint 
-2.2 sq. in. 


Ao-Au 
WEL 
CSO-3 


WEu 


CSa-l1 


Functional 
Description 


The 
CYMI641 
is a high-performance 
4-megabit static RAM module organized 
as 256K words by 16 bits. This module is 
constructed from sixteen 256K x 1SRAMs 
in lead less chip carriers mounted on a ce- 
ramic substrate with pins. Four separate 
CS pins are used to control each 4-bit nib- 
ble of the 16-bit word. This feature permits 
the user to configure this module as either 
1M x 4, 512Kx 8 or 256K x 16organization 
through external decoding and appropri- 
ate pairing of the outputs. 


Writing to the device is accomplished when 
tkship 
select (CSxx) and write enable 
(WEU,L)inputs are both Law. 
Data on 


the data lines (Dx) iswritten into the mem- 
ory location specified on the address pins 
(Ae through A 17)' 
Reading the device is accomplished by tak- 
ing the chip select (CSxx) LOW, while 
write enable (WEU,L)remains HIGH. Un- 
der these conditions 
the contents 
of the 


memory location specified on the address 
pins will appear on the data lines (Dx). 


The data output is in the high-impedance 
state when ch~able 
(CSxx) is HIGH or 


write enable (WEu,d 
is Law. 


Power is consumed 
in each 4-bit nibble 


only when the appropriate 
CS is enabled, 


thus reducing power in the x4 or x8 mode. 


GND 
NC 
Ao 
A1 
Az 
WEL 
~'-7D. 
D5 
D6 
D7 
GND 
Ag 
AlO 


All 
A12 
A13 
WEu 
CS12-15 
D12 
D13 
Dl. 
D15 
Vcc 
Cb -D15 


Vcc 
Do 
D1 
D2 
DaO-3 
A3 
A. 
A5 
A6 
A7 
AB 
Vcc 
DB 
Dg 
DlO 
Q1.1 


CSB-l1 
A1• 


A15 
A16 
Au 
NC 
GND 


1641-25 
1641-30 
1641-35 
1641-45 
1641·55 


Maximum Access Time (ns) 
25 
30 
35 
45 
55 


Maximum Operating 
Commercial 
1800 
1800 
1800 
1800 
1800 
Current (mA) 
Military 
1800 
1800 
1800 


Maximum Standby 
Commercial 
560 
560 
560 
560 
560 
Current (mA) 
Military 
560 
560 
560 


Maximum 
Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Ambient Temperature 
with 
Operating 
Range 
Power Applied 
- 55°C to + 125°C 
Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 
DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 
Output Current into Outputs (LOW) 
20 mA 


Electrical 
Characteristics 
Over the Operating 
Range 


Ambient 


Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Militaryll] 
- 55°C to + 125°C 
5V ± 10% 


CYM1641 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., IOH = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min. 
I IOL = 12.0 mA I Com'] 
0.4 
V 


I IOL = 8.0 mA 
I Mil 
0.4 


VlH 
Input HIGH Voltage 
j 
2.0 
Vcc 
V 


V'L 
Input LOW Voltage 
- 0.5 
0.8 
V 


I", 
Input Load Current 
GND .s. V,.s. Vcc 
- 80 
+80 
lJ.A 


Ioz 
Output Leakage Current 
GND .s. Vo.s. 
Vcc, Output Disabled 
- 10 
+ 10 
lJ.A 


ICCxl6 
Vcc Operating Supply 
Ycc = Max., lOUT= 0 mA 
1800 
mA 
Current by 16 Mode 
CSxx < V'L 


lccxs 
Vcc Operating Supply 
Ycc = Max., lOUT= 0 mA 
950 
mA 
Current by 8 Mode 
CSxx.s. V,L 


Iccx4 
Vcc Operating Supply 
Ycc = Max., lOUT= 0 mA 
720 
mA 
Current by 4 Mode 
CSxx.s. 
V'L 


lSBI 
Automatic CS 
Max. Vcc, CSxx 2. VlH, 
560 
mA 
Power-Down Current[2l 
Min. Duty Cycle = 100% 


ISB2 
Automatic CS 
Mas. Vcc, CSxx 2. Vcc - 0.2V 
320 
mA 
Power-Down Current[21 
V'N 2. Vcc - 0.2V or V'N .s. 0.2V 
• 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1NA 
Input Capacitance (Ao - Al7, CS, WE) 
TA = 25°C,f 
= 1 MHz, 
150 
pF 


C'NB 
Input Capacitance (Do - D,s) 
Vcc = 5.0V 
30 
pF 


COUT 
Output Capacitance 
30 
pF 


Notes: 
1. 
TA is the "instant 
on" case temperature. 
3. 
Tested initially and after any design or process changes that may affect 
2. 
A pull-up resistorto 
Vccon 
the CS input is required to keep the device 
these parameters. 
deselected 
during Vcc 
power-up, otherwise Iso will exceed values 
given. 


-~ 
~rCWKFSS 
CYM1641 
~, 
~ 
======-------------------------------- 


AC Test Loads and Waveforms 
A'329fi 
A1481fi 
(481!l. 
Mil) 
(481!l. 
Mil) 


5V 
5V 


OUTPUT 
OUTPUT 


30pFI 
A2 
5 
PFI 


A2 
2Q2fi 
255.0. 


INCLUDING 
(25S1. 
Mil) 
INCLUDING 
125m 
Mil) 


JIG AND 
_ 
'= 
JIG AND 
_ 
'= 
SCOPE 
- 
SCOPE 
- 


(a) 
(b) 
1641-3 


THEvENIN EQUIVALENT 
'67fi 


1641-25 
1641-30 
1641-35 
1641-45 
1641-55 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
25 
30 
35 
45 
55 
ns 


tAA 
Address 
to Data 
Valid 
25 
30 
35 
45 
55 
ns 


loHA 
Output 
Hold 
from Address 
Change 
3 
3 
3 
3 
3 
ns 


tAcs 
CS LOW 
to Data 
Valid 
25 
30 
35 
45 
55 
ns 


tt=s 
CS LOW 
to Low 
ZISI 
3 
3 
3 
3 
3 
ns 


tHZCS 
CS HIGH 
to High 
ZIS,6J 
15 
20 
20 
25 
25 
ns 


tpu 
CS LOW 
to Power-Up 
0 
0 
0 
0 
0 
ns 


tpD 
CS HIGH 
to Power 
Down 
25 
30 
35 
45 
55 
ns 


WRITE 
CYCLE[7] 


twc 
Write 
Cycle 
Time 
25 
30 
35 
45 
55 
ns 


tscs 
CS LOW 
to Write 
End 
20 
25 
30 
40 
40 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
20 
25 
30 
40 
40 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
2 
2 
2 
2 
2 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
0 
0 
ns 


tPWE 
WE 
Pulse 
Width 
20 
25 
25 
30 
30 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
15 
17 
17 
20 
25 
ns 


tHD 
Data 
Hold 
from 
Write 
End 
0 
0 
0 
0 
0 
ns 


tLZWE 
WE 
HIGH 
to Low 
Z'S] 
3 
3 
3 
3 
3 
ns 


tHZWE 
WE 
LOW 
to High 
ZIS, 61 
0 
20 
0 
20 
0 
25 
0 
25 
0 
25 
ns 


Notes: 
4. 
Test conditions assume signal transition time of 5 os or less, timing ref- 
erence levels of 1.5V, input Jevels of 0 to 3.0Y, and output 
loading of 
the specified 10LIIoH and 30-pF load capacitance. 


5. 
At any given temperature 
and voltage condition, 
tHZCS is less than 
tLZCSfor any given device. 


6. 
tHzcsand 
tHzWEarespecified 
with CL = 5 pFas in part (blof ACTest 


Loads. nansition 
is measured 
± 500 mV from steady state voltage. 


7. 
The internal write time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate 
a write by going HIGH. The data input set- 


up and hold timing should be referenced 
to the rising edge of the signal 


that tenninates the write. 


Switching 
Waveforms 


Read Cycle,s.9J 


Vcc 


SUPPLY 


CURRENT 


tsD 


DATA-INVALID 


4JZWE j 


DATAOUT--------D-A-T-A-U-N-D-E-F-IN-E-D-------- 
) 


IuwE--l 


HIGHIMPEDANCE <============ • 


Notes: 
8. 
WE is HIGH 
for read eycle. 


9. 
Device is continuously 
selected. 
CS = V'L. 


10. IfCS goes HIGH simultaneouslywilh 
WE HIGH, the output remains 


in a high-impedance state. 


CSxx 
WE. 
Input/Outputs 
Mode 


H 
X 
HighZ 
DeselecVPower-Down 


L 
H 
Data Out 
Read 


L 
L 
Data In 
Write 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
lYpe 
Range 


25 
CYMl641HD-25C 
HD05 
Commercial 


30 
CYMl641HD-3OC 
HD05 
Commercial 


35 
CYMl641HD-35C 
HD05 
Commercial 


CYM 1641HD-35MB 
HD05 
Military 


45 
CYMl641HD-45C 
HD05 
Commercial 


CYMl641HD-45MB 
HD05 
Military 


55 
CYMl641HD-55C 
HD05 
Commercial 


CYMl641HD-55MB 
HD05 
Military 


----- ~_.~ 
·:2 CYPRESS 
iF 
SEMICONDUCTOR 


Features 


• 
High-density 
768-kilobit SRAM 


module 


• 
High-speed CMOS SRAMs 
- Access time of 15 ns 


• 
56-pin, 0.5-inch-high 
ZIP package 


• 
Low active power 
- 
1.8W (max. for tM = 25 ns) 


• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 
• 
Commercial 
temperature 
range 
• 
Small PCB footprint 
- 
0.66 sq. in. 


Functional 
Description 


The 
CYMI720 
is a high-performance 
768-kilobit static RAM module organized 
as 32K words by 24 bits. This module is 
constructed 
using three 
32K x 8 static 


RAMs in SOJ packages mounted onto an 
epoxy laminate board with pins. 


Writing to the device is accomplished when 
the chip select (CS) and write enable (WE) 
inputs are both LOW. Data on the input/ 
output 
pins (1/00 thorugh 
1/023) of the 


device is written 
into the memory loca- 
tion specified 
on the address 
pins (Ao 


through A,,), 


"15 
32K x 8 
" 
SRAM 
8 


- 


32K x 8 
" 
SRAM 
/8 


'-- 


32K x 8 
" 
SRAM 
/8 


Reading the device is accomplished by tak- 
i!l&..!hechip select (CS) and outpu~ablc 
(OE) LOW while write enable (WE) re- 
mains HIGH. Under these conditions, the 
contents of the memory location specified 
on the address pins will appear on the in- 
put/output 
pins. 


The input/output 
pins remain in a high- 


impedance state unless the module is se- 
lected, outputs are enabled, and write en- 
able is HIGH. 


Pin Configuration 


ZIP 


Top View 


Vcc 
, 
VCC 
2 
3 
1/00 
I/O, 
4 
5 
1/02 
1/03 
6 
7 
1/04 
1/05 
8 
9 
1/06 
1/°7 
'0 " 
GND 
GND 
12 '3 
Ao 
A, 
'4 
'5 
A2 
A3 
'6 
17 
A4 
A5 
'8 
'9 a 
A7 
20 2' • 


NC 
22 23 
NC 
GND 
24 25 
1/08 
1/09 
26 27 
1/°10 
I/O" 
28 29 
1/0,2 
1/0,3 
30 
1/0,5 
3' 
1/°11 
32 33 
Jill 


~ 


34 35 
WE 
36 37 
A8 
A9 
38 


A" 
40 39 
AlO 


A'3 
42 41 
A'2 
43 
A'4 
NC 
44 45 
GND 
46 
GND 
47 
1/0,6 
1/0,7 
48 49 
1/0,9 
50 5' 
1/0,6 


1/02, 
52 53 
1/020 


1/023 
54 55 
1/022 


Vcc 
56 
Vcc 


1720-2 


172(H5 
1720-20 
1720-25 
1720-30 
1720-35 


Maximum Access Time (ns) 
15 
20 
25 
30 
35 


Maximum Operating 
Current (mA) 
450 
450 
...•. 
330 
330 
330 
Maximum Standby Current (mA) 
120 
120 
60 
60 
60 


Maximum Ratings 
(Above which the useful life may be impaired. For user guidelines, 
not tested.) 


Storage Temperature 
...........•...... 
-SSOCto 
+ 125°C 


Ambient Temperature 
with 
Power Applied 
_10°C 
to +8SoC 


Supply Voltage to Ground Potential 
- O.SV to + 7.0V 
Electrical Characteristics 
Over the Operating Range 


~~~~t~stat~Plled 
to.Outputs. 


DC Input Voltage ..... 
Operating Range 


.. - O.SV to + 7.0V 
- O.SV to + 7.0V 


Range 


Commercial 


Ambient 
Temperature 


O°C to + 70°C 


Vee 
SV ± 10% 


".CYMlnD-15,ZO 
CYMl720-25,30,35 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min.,loH = -4.0 mA 
24 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., 10L = 8.0 mA 


,. 
0.4 
0.4 
V 


VlH 
Input HIGH Voltage 
'2.2 
Vcc 
•••• 
2.2 
Vee 
V 


V1L 
Input LOW Voltage 
.•' £,0.5 
I 
OJ •• > 
- 0.5 
0.8 
V 


II){ 
Input Load Current 
GND < VI < Vec 
>~ 
~--;:;;:;- 
-20 
+20 
J.l.A 


loz 
Output Leakage Current 
GND~ 
Vo~ 
Vee, 
"'lO· 
+10 
- 10 
+10 
IlA 


Output Disabled 


Ice 
Vcc Operating Supply 
~e 
= Max., lOUT= 0 mA 
450 
330 
mA 
Current 
CS~ 
V,L 


ISB! 
Automatic CS 
Max. Vcc, CS L VlH, 
120 
60 
mA 


Power-Down Current(1] 
Min. Duty Cycle = 100% 
. 


ISB2 
Automatic CS 
Max. Vec, CS L Vcc - 0.2V, 


••• 
90 
60 
mA 


Power-Down Currentlll 
V1NL Vcc - 0.2V or V1N~ 0.2V 
..... 


Parameters 
Description 
Test Conditions 
Max. 
Units 
C,N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
35 
pF 
CoUT 
Output Capacitance 
Vee = 5.0V 
25 
pF 


Notes: 
1. 
Apull-upresistortoVccon the CSinputisrequired tokeep thedevice 
2. 
Testedon a samplebasis. 
deselected during Vcc power-up, othelWiseISB will exceed values 
given. 


AC Test Loads and Waveforms 


OUTP~31481!l 
OUTP~31481!l 


30 pFI 
255!l 
5pFI 
255!l 


INCLUDING _ 
_ 
INCLUDING _ 
_ 
JIG AND 
- 
- 
JIG AND 
- 
- 
SCOPE 
(a) 
SCOPE 
(b) 


Equivalent to: 
THEVENIN EQUIVALENT 
167!l 


3.0V 
~% 
90% 


10% 


GND 
10% 


..$. 5 nsj I.- 
-- 
_ 5 ns 


1720-15 
1720-20 
1720-25 
1720-30 
1720-35 


Parameters 
Description 
MiD> 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRc 
Read 
Cycle 
Time 
lC>'" 
>. 
25 
30 
35 
ns 


tAA 
Address 
to Data 
Valid 
., 
l5 
20 
25 
30 
35 
ns 


toHA 
Outpu 
t Hold 
from Address 
Change 
4 
4 
.... 
·,·c· 
5 
5 
5 
ns 


tACS 
CS LOW 
to Data 
Valid 
15 
( 
20 
25 
30 
35 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
.>",x· ! 
0' 
.'X 
Wi 
12 
15 
20 
ns 


tLZOE 
OE 
LOW 
to Low 
Z 
I '.'9.ii 'i 
,.,.,...,.,.,".iI,J..,. 
i 
3 
3 
3 
ns 


tHWE 
OE 
HIGH 
to High 
Z 
., 
6 
8 
10 
15 
20 
ns 


tLZCS 
CS LOW 
to Low 
Z(4) 
0 
0 
5 
5 
5 
ns 


tHZCS 
CS HIGH 
to High 
ZJ4,SI 


", 
10 "., 
:~.:.: 
15 
10 
15 
15 
ns 


tpu 
CS LOW 
to Power-Up 
..0 
.iii 
0 
..i 
0 
0 
0 
ns 


tpo 
CS HIGH 
to Power 
Down 
"'15 i>x 
20i 
25 
25 
30 
ns 


WRITE 
CYCLEJ61 


twc 
Write 
Cycle 
Time 
15'"•• 
"'·20 
25 
30 
35 
ns 


tscs 
CS LOW 
to Write 
End 
1fl.",,·.,,· 
ili 
15 
",ii'. 
20 
25 
30 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
22 
25 
30 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
it 


IX 
2 
2 
2 
ns 


""""",. 
'c»' 
i<i·· 


tSA 
Address 
Set-Up 
to Write 
Start 
1 
2 
." ....'... 
2 
2 
2 
ns 


tPWE 
WE 
Pulse 
Width 
12··· 
15 
20 
23 
25 
ns 


tso 
Data 
Set-Up 
to Write 
End 
7 •••• 
· 
8 
13 
15 
20 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
.J",••••,.,>.,., 
2 
2 
2 
ns 


tLZwE 
WE 
HIGH 
to Low 
Z14) 
3 
31i< 
3 
3 
5 
ns 


tHZWE 
WE 
LOW 
to High 
ZJ4,S) 
0,..,. 
6 
0 
8 
0 
10 
0 
10 
0 
15 
ns • 


Shaded area contains 
preliminary 
information 


Notes: 
3. 
Test conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of l.SY, input levels of 0 to 3.0Y, and output 
loading of 


the specified IodIoH 
and 30-pF load capacitance. 
4. 
At any given temperature 
and voltage condition, 
tHZCS is less than 


tLZCS 
for any given device. 


5. 
tHwE, 
tHZCS, and tLZCEare specified with CL = 5 pF as in part (b) 


of ACTest Loads. nansition 
is measured 
± 500 mVfrom 
steady state 


voltage. 


6. 
The internal write time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate 
a write by going HIGH. The data input set- 


up and hold timing should be referenced 
to the rising edge of the signnl 
that terminates the write. 


Switching Waveforms 


Read Cycle No.1 (7. 8J 


~ 


tAC 
:II' 


ADDRESS 
~~ 
_ 


• 
-~tAA--.- 


tOHA 
------------------------ 
DATAOUT 
PREVIOUSDATAVAUD 
~ 
D_A_T_A_V_A_lI_D 
_ 


VCC 
SUPPLY 
CURRENT 


ltiZWE j 


DATAOUT--------D-A-T-A-U-N-D-E-F-IN-E-D-------- 
) 
HIGHIMPED~E 1:=========== 


Notes: 
7. 
WE is HIGH 
for read cycle. 
8. 
Device is continuously 
selected, 
CS = V1L and OE 
= V1L, 
9. 
Address valid prior to or coincident with CS transition LOw. 


10. Data 1/0 will be high impedance 
if OE 
= VUI. 


11. IfCS goes HIGH simultaneouslywilh 
WE HIGII, 
the output remains 


in a high-impedance state. 


Switching 
Waveforms 
(continued) 


Write Cycle No.2 (CS Controlled)16. 10. IIJ 


tHZWEJ 
_. 
HIGH IMPEDANCE 


----------------------- 


CS 
WE 
OE 
Input/Outputs 
Mode 


H 
X 
X 
HighZ 
Deselect/Power-Down 


L 
H 
L 
Data Out 
Read Word 


L 
L 
X 
Data In 
Write Word 


L 
H 
H 
High Z 
Deselect 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


15 
CYM1720PZ-15C 
PZ05 
Commercial 


20 
CYMI720PZ-2OC 
PZ05 
Commercial 


25 
CYM1720PZ-25C 
PZ05 
Commercial 


30 
CYMI720PZ-3OC 
PZ05 
Commercial 


35 
CYM1720PZ-35C 
PZ05 
Commercial • 


~:: :.£: 
':jj CYPRESS 
F 
SEMICONDUCTOR 


Features 


• 
High-density 512-kbit SRAM module 
• 
High-speed CMOS SRAMs 
- Access time of 12 ns 


• 
Low active power - 4W (max.) 
• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .50 in. 


• 
Small PCB footprint 
- 
1.0 sq. in. 


• 
JEDEC-compatible 
pinout 
• 
2V data retention 
(L version) 
• 
SIMM version socket-compatible 
with CYM1831 and CYM1841 


Functional 
Description 


The 
CYM1821 
is a high-performance 
512-Kbit static RAM module organized as 
16K words by 32 bits. This module is con- 
structed 
from eight 16k x 4 SRAM SOJ 
packages 
mounted on an epoxy laminate 
board with pins. Four chip selects (CS" 
CS2, CS3, and CS4) are used to independ- 
ently enable the four bytes. Reading 
or 
writing can be executed on individual bytes 
or 
any 
combination 
of 
multiple 
bytes 
through proper use of selects. 


Writing to each byte is accomplished when 
the 
appropria~chip 
selects (CSN) 
and 
write enable (WE) inputs are both LOW. 
Data on the input/output 
pins (IIOx) is 
written into the memory location specified 
on the address pins (Ao through An). 


Reading the device is accomplished by tak- 
ing the chip ~ects 
(CSN) LOW, while 


write enable (WE) remains HIGH. Under 
these conditions the contents of the mem- 
ory location specified on the address pins 
will appear on the data input/output 
pins 


(IIOx)· 
The data 
input/output 
pins stay in the 


~-impedance 
state when write enable 


(WE) is LOW, or the appropriate 
chip se- 
lects are HIGH. 
Two 
pins 
(PDO 
and 
PDl) 
are 
used 


to identify 
module 
memory 
density 
in 


applications 
where alternate 
vcrsions of 


the JEDEC 
standard 
modules can be in- 
terchanged. 


Pin Configuration 


ZIP 
Top View 


PDo 
, 
GND 
2 
3 
PDt 
1/00 
4 
5 
1/08 
I/O, 
6 
7 
1/09 
1/02 
8 
9 
1/010 
1/03 
'0 " 
I/O" 
Vcc 
12 13 
Ao 
A7 
'4 
'5 
A, 
Aa 
'6 
17 
A2 
A9 
,a 
19 
1/0,2 
1/04 
20 2' 
1/013 
1/05 
22 23 
1/0,4 
1/06 
24 25 
1/015 
I~ 
26 27 
GND 
WE 
28 29 


~2 
~~ 


30 31 
32 


~3 
34 33 
~4 


NC 
36 35 
ll.Q 
GND 
38 37 
DE 


1/0,6 
40 39 
1/024 


1/017 
42 4' 
1/025 


1/0,8 
44 43 
1/026 


1/0,9 
46 45 
1/027 
47 
AlO 
48 49 


A3 


A" 
50 51 
A4 
At2 
52 
A5 


A'3 
54 53 
Vcc 


1/020 
56 55 
A6 
57 
1/02, 
58 59 
1/028 


1/022 
60 61 
1/029 


1/023 
62 
1/030 


GND 
64 63 
1/031 


182'-2 


.,....." 
1821-15 
1821-20 
1821-25 
1821-35 
1821-45 


Maximum Access Time (ns) 
)2« 
15 
20 
25 
35 
45 


Maximum Operating 
Current (mA) 
.......... 
~v< 
960 
720 
720 
720 
720 


Maximum Standby Current (mA) 
450 
450 
160 
160 
160 
160 


Maximum 
Ratings 
(Above which the useful life may be impaired.) 


Storage Temperature 
- 65°C to + 150°C 
Ambient Temperature 
with 
Power Applied 
. 


Supply Voltage to Ground Potential 
DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 
DC Input Voltage. . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 
Output Current into Outputs (LOW) 
20 mA 


I 
Ambient 
Range 
Temperature 
Vcc 


Commercial 
I 
O°C to + 70°C 
5V ± 10% 


10°C to +85°C 
- 0.5V to + 7.0V 


1821-20 
1821-25 


1821-12(1) 
1821-35 
1821-15 
1821-45 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = -4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
V 


V'L 
Input LOW Voltage 
-0.5 
0.8 
-0.5 
0.8 
V 


II){ 
Input Load Current 
GND..$.. V,..$.. Vee 
-20 
+20 
-20 
+20 
~ 
Ioz 
Output Leakage Current 
GND..$.. Vo..$..Vee, Output Disabled 
-20 
+20 
-20 
+20 
~A 


Ios 
Output Short Circuit 
Vee = Max., VOUT = GND 
-350 
-350 
mA 


Current[2) 


Ice 
Vee Operating Supply 
Yce = Max., lOUT = 0 mA, 
960 
720 
mA 


Current 
CSN..$..V'L 


l,sB' 
Automatic CS Power-Down 
Max. Vee; CSN2. VIH 
450 
160 
mA 


Current!'1 
Min. Duty Cycle = 100% 
IlsB, 
Automatic CS Power-Down 
Max. Vee; CSN2. Vee - O.3V, 
160 
160 
mA 
Current!'] 
V1N > Vee - 0.3V or V1N< 0.3V 
• 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C,NA 
Input Capacitance (ADDR, OE, WE) 
TA = 25°C, f = 1 MHz, 
70 
pF 


C,NB 
Input Capacitance (CSN) 
Vee = 5.0V 
35 
pF 


COUT 
Output Capacitance 
20 
pF 


Notes: 
1. 
The information 
listed for the -12 product 
is preliminary. 
2. 
Not more than 1 output should be shorted at one time. 
Duration 
of 


the short circuit should not exceed 30 seconds. 


3. 
A pull-up resistor to Vee on Ihe CS input is required 
to keep the de- 
vice deselected 
during Vcc power-up. 
otherwise 
ISB will exceed values 


given. 
4. 
Tested on a sample basis. 


I 
Equivalent to: 
THEVENIN EQUIVALENT 
167,n 
OUTPUT0 
••••• 
0 
1.73V 


Switching Characteristics 
Over 
the Operating 
RangelS] 


Parameters 
Description 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
15 
20 
ns 


tAA 
Address 
to Data 
Valid 
15 
20 
ns 


toHA 
Data 
Hold 
from 
Address 
Change 
2 
3 
ns 


tACS 
CS LOW 
to Data 
Valid 
15 
20 
ns 


tOOE 
OE 
LOW 
to Data 
Valid 
10 
10 
ns 


tLZOE 
OE 
LOW 
to Low 
Z 
2 
3 
ns 


tHZOE 
OE 
HIGH 
to High 
Z 
8 
8 
ns 


tLZCS 
CS LOW 
to Low 
Zl61 
3 
5 
ns 


tHZCS 
CS HIGH 
to High 
Z16.7J 
8 
8 
ns 


tpu 
CS LOW 
to Power-Up 
0 
0 
ns 


tPD 
CS HIGH 
to Power-Down 
15 
20 
ns 


WRITE 
CYCLE!SI 


twc 
Write 
Cycle 
Time 
15 
20 
ns 


tscs 
CS LOW 
to Write 
End 
12 
15 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
12 
15 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
2 
2 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
2 
ns 


tpwE 
WE 
Pulse 
Width 
12 
15 
ns 


tso 
Data 
Set-Up 
to Write 
End 
10 
10 
ns 


tHD 
Data 
Hold 
from 
Write 
End 
2 
2 
ns 


tLZWE 
WE 
HIGH 
to Low 
ZI6J 
3 
3 
ns 


tHzwE 
WE 
LOW 
to High 
Z16.7J 
0 
7 
0 
7 
ns 


Shaded area contains 
preliminary 
information 


Notes: 
S. 
Test conditions 
assume signal transition 
times of 5 os or less, timing 


reference 
levels of 1.5V, input levels of 0 to 3.0V, and output loading 


of the specified JoLlIoH and 30-pF load capacitance. 
6. 
At any given temperature 
and voltage condition, 
tHZCS 
is less than 


tLZCS for any given device. These parameters 
are guaranteed 
and not 


JOO% tested. 


7. 
tHZCSand tHzwE are specified with CL = 5 pF as in part (b) of AC 
Test Loads. Transition 
is measured 
± 500 mV from steady state volt- 
age. 


8. 
The internal write time of the memory is defined by the overlap of CS 
WW and WE Ww. Both signals must be WW to initiate a write, 
and either signal can terminate a write by going HIGI I. The data input 
set-up and hold timing should be reference 
to the rising edge of the 


signal that terminates 
the write. 


1821-25 
1821-35 
1821-45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ CYCLE 


tRC 
Read Cycle Time 
25 
35 
45 
ns 


tAA 
Address to Data Valid 
25 
35 
45 
ns 


tOHA 
Data Hold from Address Change 
3 
3 
3 
ns 


tAcs 
CS LOW to Data Valid 
25 
35 
45 
ns 


tOOE 
OE LOW to Data Valid 
15 
25 
30 
ns 


tLWE 
OE LOW to Low Z 
3 
3 
3 
ns 


tHWE 
OE HIGH to High Z 
15 
20 
20 
ns 


tLZCS 
CS LOW to Low Z16] 
5 
10 
10 
ns 


tHZCS 
CS HIGH to High Z16,71 
10 
15 
20 
ns 


tpu 
CS LOW to Power-Up 
0 
0 
0 
ns 


tpo 
CS HIGH to Power-Down 
25 
35 
45 
ns 


WRITE CYCLEI"] 


twc 
Write Cycle Time 
25 
35 
45 
ns 


tscs 
es LOW to Write End 
20 
25 
35 
ns 


tAW 
Address Set-Up to Write End 
20 
25 
35 
ns 


tHA 
Address Hold from Write End 
2 
2 
2 
ns 


tSA 
Address Set-Up to Write Start 
2 
2 
2 
ns 


tpwE 
WE Pulse Width 
20 
25 
30 
ns 


tso 
Data Set-Up to Write End 
13 
15 
20 
ns 


tHO 
Data Hold from Write End 
2 
2 
2 
ns 


tLzwE 
WE HIGH to Low Z16] 
3 
5 
5 
ns 


tHzwE 
WE LOW to High Z16,7J 
0 
7 
0 
10 
0 
15 
ns • 


Parameters 
Description 
Test Conditions 
Min. 
Max . 
Units 
VoR 
VCCfor Retention 
Data 
.Ycc - 2.0V, 
2 
V 
ICCoR 
Data Retention 
Current 
es 2. Vcc - 0.2V, 
8 
mA 
V1N2. Vcc - 0.2V, 
!coRl9l 
Chip Deselect to Data Retention 
Time 
or V'N £. 0.2V 
0 
ns 
tRI9l 
Operation 
Recovery Time 
tRc11O] 
ns 
Iu!9J 
Input Leakage Current 
10 
~A 


Switching Waveforms(14J 


Read Cycle No. 1[l1,12J 


Vcc 


SUPPLY 
CURRENT 


tPD~ 
------------------------------~ :: 


Notes: 
11. WE is HIGH 
for read cycle. 
12. Device is continuously 
selected. 
CS = V'L and OE = V'L. 


13. Address valid prior to or concident 
with CS transition LOW. 


14. CS" CS,. CS,. and CS4 are represented 
by CS in the Switching Char- 


acterisics 
and Switching 
Waveforms 
sections. 


Switching Waveforms 


Write Cycle No.1 (WE Controlled)18] 


• 


tSD 
tHO 


DATA-IN 
VALID 


t 
HZWE ---:l 
~ 
HIGH 
IMPEDANCE 


Notes: 
15. IfCS goes HIGH simultaneously 
with WE HIGH, the output remains 
in a high-impedance 
state. 


CSN 
WE 
OE 
Inputs/Outputs 
Mode 


H 
X 
X 
High Z 
Deselect/Power-Down 


L 
H 
L 
Data Out 
Read 


L 
L 
X 
Data In 
Write 


L 
H 
H 
HighZ 
Deselect 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


12 
CYM1821PM-12C 
PMOI 
Commercial 


CYM1821PZ-12C 
PZOI 


15 
CYM1821PM-15C 
PMOI 
Commercial 


CYM1821PC-15C 
PZOI 


20 
CYM1821PM-2OC 
PMOI 
Commercial 


CYM1821LPM-2OC 
PMOI 


CYM1821PZ-2OC 
PZOI 


CYM1821LPZ-2OC 
PZOI 


25 
CYM1821PM-25C 
PMOI 
Commercial 


CYM1821LPM-25C 
PMOI 


CYM1821PZ-25C 
PZOI 


CYM1821LPZ-25C 
PZOI 


35 
CYM1821PM-35C 
PMOI 
Commercial 


CYM1821LPM-35C 
PMOI 


CYM1821PZ-35C 
PZOI 


CYM1821LPZ-35C 
PZOI 


45 
CYM1821PM-45C 
PMOI 
Commercial 


CYM1821LPM-45C 
PMOI 


CYM1821PZ-45C 
PZOI 


CYM1821LPZ-45C 
PZOI 


~-.~ 
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Features 


• 
High-density 
512K-bit SRAM module 


• 
High-speed CMOS SRAMs 
- 
Access time of 12 ns 


• 
Low active power 
- 
5.3W (max.) 


• 
Hermetic SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .52 in. 
• 
Small PCB footprint 
- 
1.0 sq. in. 


• 
2V data retention 
(L version) 


16K X 32 Static RAM Module 


with Separate I/O 


Functional 
Description 


The CYM1822 is a high-performance 
512-kbit static RAM module organized 
as 16K words by 32 bits. This module is 
constructed from eight 16K x 4 separate 
I/O SRAMs in leadless chip carriers 
mounted on a ceramic substrate with pins. 
Two chip selects (CSu and CSL) are used 
to independently 
enable the upper and 
lower 16-bit data words. 
Writing to the device is accomplished 
when the chip selects (CSu and/or CSd 
and write enable (WE) inputs are both 
LOW. Data on the input pins (DI.) is 


written into the memory location specified 
on the address pins (Ao through AIJ). 
Reading the device is a~mplishcd.£r 
taking the chip selects (CSu and/or CSL) 
and out~enable 
(OE) LOW, while write 


enable (WE) remains HIGH. Under thcse 
conditions the contents of the memory 
location specified on the address pins will 
appear on the data output pins (DO.). 
The output pins stay in the hig~pe- 
dance state when write enable (WE) is 
LOW, the ~ropriate 
chip selects are 


HIGH, or OE is HIGH. 


Pin Configuration 
vOIr 


GNO 
, 
88 
vcc 


010 
2 
87 
000 


Oil 
3 
86 
001 


012 
4 
85 
002 


013 
5 
84 
003 


014 
6 
83 
004 


015 
7 
82 
005 


016 
8 
8' 
006 


017 
9 
80 
007 


NJ 
10 
79 
A' 


1'2 
11 
78 
A3 


A4 
12 
77 
A5 


018 
13 
76 
008 


019 
14 
75 
009 


0110 
15 
74 
0010 


0111 
16 
73 
0011 • 


0112 
17 
72 
0012 


0113 
18 
71 
0013 
0114 
'9 
70 
00'4 


0115 
20 
69 
00'5 


WE 
21 
68 
CSL 


vcc 
22 
67 
GNO 


OE 
23 
66 
csrr 


0116 
24 
65 
0016 


0117 
25 
64 
0017 


0118 
26 
63 
0018 


0119 
27 
62 
00'9 


0120 
28 
6' 
0020 


0121 
29 
60 
0021 
0122 
30 
59 
0022 


0123 
31 
58 
0023 


A6 
32 
57 
A7 


A8 
33 
56 
A9 


A'O 
34 
55 
All 
A12 
35 
54 
A13 
0124 
36 
53 
0024 
0125 
37 
52 
0025 


0126 
36 
51 
0026 


0127 
39 
50 
0027 


0128 
40 
49 
0028 


0129 
41 
48 
0029 
0130 
42 
47 
0030 


0131 
43 
46 
0031 
GNO 
44 
45 
VCC 
1822-2 


1822HV-12 1822HV-15 
1822HV-20 
1822HV-25 1822HV-30 
1822HV-35 
1822HV-45 


Maximum Access Time (ns) 
12 
15 
20 
25 
30 
35 
45 
Maximum Operating Current 
Commercial 
960 
960 
720 
720 
720 
720 
720 


(mA) 
Militarv 
960 
960 
720 
720 
720 
720 
Maximum Standby Current 
Commercial 
450 
450 
160 
160 
160 
160 
160 
(mA) 
Militarv 
450 
> 
450 
160 
160 
160 
160 


- ------ 


. 
;~ 
CYM1822 
=-JF 
SE:MlC'C1IDUCfC 
===================================;;;;; 


Maximum Ratings 
(Above which the useful life may be impaired) 


Storage Temperature 
-65°C to + 150°C 


Ambient Temperature 
with 


Power Applied 
. 


Supply Voltage to Ground Potential. 
. . . . . .. 
-0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
. 


DC Input Voltage 
. 


Output Current into Outputs (Low) 
. 


Range 
Ambient 
VCC 
Temperature 


Commercial 
O°C to +70°C 
5V ± 10% 


Military 
-55°C to + 125°C 
5V ± 10% 


-0.5V to + 7.0V 


-0.5V to + 7.0V 


. ... 
20mA 


1822HV-20C 


r~~~ 


1822HV-25 
1822HV-35 
Parameters 
Description 
Test Conditions 
1822HV-45 
Units 


1822HV-50 
~ 
Min. 
Max. 


VOH 
Output HIGH Voltage 
Vee 
Min .• loH 
-4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee 
Min .• loL 
8.0 mA 
0.4 
V 


V'H 
Input HIGH Voltage 
2.2 
Vee 
V 


V'L 
Input LOW Voltage 
0.5 
0.8 
V 


Ilx 
Input Load Current 
GND < VI < Vee 
20 
+20 
>J.A 


Ioz 
Output Leakage Current 
GND < Vo < Vee• Output Disabled 
20 
+20 
>J.A 


Ios 
Output Short Circuit 
Vee 
Max., VOUT 
GND 
350 
mA 
Current 
(II 


Ice 
Vee Operating 
~e 
Max., lOUT 
OmA 
720 
mA 
Supply Current 
CSL, CSu < V1L 


IsB, 
Automatic CS 
Max. Vee; CSu, CSL > VIH 
160 
mA 
Power-Down Current [2) 
Min. Duty Cycle 
100% 


Automatic CS 
Max. Vee; CSu, CSL > Vee 
O.2V, 


ISB2 
Power-Down Current 121 V'N > Vec 
0.2Vor 
160 
mA 


V'N < O.2V 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
80 
pF 


COUT 
Output Capacitance 
Vcc = 5.0V 
15 
pF 


CINDATA 
Input Capacitance 
15 
pF 


Notes: 
1. 
Not more than 1 output shouldbe shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 
2. 
A pull-upresistorto Vcc on the CE input is required to keep the de- 
vice deselected during Vcc power-up, otherwise IS13 will exceed val- 
ues given. 


3. 
Tested on a sample basis. 


R1481!1 
5V:R 
OUTPUT 


30 pF 
~g5!1 
INCLUD[NG.r. 
_ 
JIG AND 
- 
- 
SCOPE 


R1481!1 
5V:=F1 
OUTPUT 


5 pF 
~g5!1 
INCLUDING.r. 
_ 
J[G AND 
- 
- 
SCOPE 


I 
Equivalent to: 
THEVENIN EQUIVALENT 
167!1 
OUTPUT 0 
N'o 
0 1.73V 


CYM1822 


Switchmll 
haractenstIcs 
Over the Operating Range 141 
, 
1822HV;12 
.•..1822HV·lS 
1822HV-20 
Parameters 
Description 
Units 


Min. I 
Max. 
Min. 
Max. 
Min. 
Max. 


READ CYCLE 


tRe 
Read Cycle Time 
.....•~ 
'}} .... 
.... 
.'.1 
"'" 
20 
ns 


tM 
Address to Data Valid 


.. 
'" 
·'·12 
.... 
15 
20 
ns 


toHA 
Data Hold from Address Change 
.{ 
2\{ 
............. 
..\ 
2 
...... 
5 
ns 


tACS 
CS LOW to Data Valid 
20 
ns 


toOE 
OE LOW to Data Valid 
•• 
.\ 
)O·\I 
{ 
10 
15 
ns 


tLZOE 
OE LOW to Low Z 
2 
i 
2 
i, 
"', 
3 
ns 


tHZOE 
OE HIGH to High Z 
~ 
..,....,.}.....•,'• 


8 
ns 


tLZCS 
CS LOW to Low Z (6J 
..... 
5 
ns 


tHZCS 
CS HIGH to High Z (5.61 
). 
I {iB 
.\ 
...\ 
·8}····· 
8 
ns 


tpu 
CS LOW to Power-Up 
}i 0\ 
L ............ 
·0 


"""""" 


0 
ns 


tpo 
CS HIGH to Power-Down 
20 
ns 


WRITE CYCLE 
(1) 


twc 
Write Cycle Time 
.•,.•12 
.. 
15 
I 
20 
ns 


tscs 
CS LOW to Write End 
15 
ns 


tAW 
Address Set-Up to Write End 
.••• 10 •.•,•••• 
···"i 
',·12" 
." Ii}} 
15 
ns 


tHA 
Address Hold from Write End 
2 
2 
... 
2 
ns 
,.,.. 


tSA 
Address Set-Up to Write Start 
.. ..0.. \ 
.. }1& 


{iO{ ..••....• 
,Ii.."".' 
2 
ns 


tpwE 
WE Pulse Width 
15 
ns 


tso 
Data Set-Up to Write End 
10 ..•••• 
,I 
....i 
10 
I'" 
.... 
13 
ns 


tHO 
Data Hold from Write End 
" 
li{I2 
I 
.......•.. 
0 
ns 


tLZWE 
WE HIGH to Low ZI61 
M6{1.~17. 


3 
ns 


tHZWE 
WE LOW to High Z(5.6J 
0 
7 
ns 
Shaded area contains 
preliminary 
information. 


Notes: 


4. 
Test conditions 
assume signal transition 
times of 5 os or less, timing 


reference levelsof 1.5V,input levelsof 0 to 3.0Vand output loading 
of the specified 10LlloHand 30-pF load capacitance. 
5. 
tHZCSand tHZWEare specifiedwith CL = 5 pF as in part (b) of AC 
Test Loads. Transition is measured 
± 500 mV from steady state volt- 


age. 


6. 
At any given 
temperature 
and voltage condition, 
tHzeS is less than 
fLZCS for any given device. These parameters 
are guaranteed 
and not 
lOO% tested. 
7. 
The internalwritetimeof the memm)'isdefinedby theoverJapofCS 
LOWand WELOW BothsignalsmustbeLOW toinitiateawriteand 
either signal can terminate 
a write by going HIGH. The data input 


set-upand hold timingshouldbe referenced to the risingedgeof the 
signal that terminates 
the write. 
• 


Wltchm~ 
haracterlstIcs 
Over the Operatin 
Range (continued) I') 


1822HV-25 
1822HV-30 
1822HV-35 
18221IV-45 
Parameters 
Description 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


READ CYCLE 


tRC 
Read Cycle Time 
25 
30 
35 
45 
ns 


tAA 
Address to Data Valid 
25 
30 
35 
45 
ns 


tOHA 
Data Hold from Address Change 
5 
5 
5 
5 
ns 


tACS 
CS LOW to Data Valid 
25 
30 
35 
45 
ns 


toOE 
OE LOW to Data Valid 
15 
20 
25 
30 
ns 


tLZOE 
OE LOW to Low Z 
3 
5 
5 
5 
ns 


tHZOE 
OE HIGH to High Z 
15 
20 
20 
20 
ns 


tLZes 
CS LOW to Low Z16) 
5 
10 
10 
10 
ns 


tHZes 
CS HIGH to High ZI5.6) 
10 
15 
15 
20 
ns 


tpu 
CS LOW to Power-Up 
0 
0 
0 
0 
ns 


tpo 
CS HIGH to Power-Down 
25 
30 
35 
45 
ns 


WRITE CYCLE 111 


twc 
Write Cycle Time 
25 
30 
35 
45 
ns 


tscs 
CS LOW to Write End 
20 
25 
30 
40 
ns 


tAW 
Address Set-Up to Write End 
20 
25 
30 
40 
ns 


tHA 
Address Hold from Write End 
2 
2 
2 
2 
ns 


tSA 
Address Set-Up to Write Start 
2 
2 
2 
2 
ns 


tpwE 
WE Pulse Width 
20 
25 
25 
30 
ns 


tSD 
Data Set-Up to Write End 
13 
20 
20 
25 
ns 


tHD 
Data Hold from Write End 
3 
3 
3 
3 
ns 


tLZwE 
WE HIGH to Low ZI61 
3 
5 
5 
5 
ns 


tHZWE 
WE LOW to High ZI5.6} 
0 
7 
0 
12 
0 
12 
0 
15 
ns 


CYM1822 
Parameter 
Description 
Test Conditions 
Units 


Min. 
Max. 


\bR 
VCC for Retention 
Data 
VCC = 2.0V, 
2.0 
V 


ICCoR 
Data Retention 
Current 
CS 2. VCC- 0.2V 
8 
mA 


\1N2. VCC- 0.2V 
!cOR IS] 
Chip Deselect to Data Retention 
Time 
or \1N £. 0.2V 
0 
ns 


tRIS) 
Operation 
Recovery Time 
tRC(9) 
ns 


IUIS) 
Input Leakage Current 
10 
IlA 


Nores: 


8. Guaranteed, 
not tested. 


9. tRe = Read Cyclelime. 
10. Both CSL and CSu are represented byCSin the SwitchingCharac- 


teristics and Waveforms. 


11. WE is HIGH for read cycle. 


12. Device is continuously 
selected, 
CS = V1L and DE 
= V1L. 


13. Address valid prior to or coincident 
with CS transition 
low. 


14. IfCS goesHIGI IsimultaneouslywithWE IIIGH. theoutput remains 


in a high-impedance 
state. 


Switching Waveforms 
(10) 


Read Cycle No. 
1(11,12) 


~ 
t 


RC 


-G,~~~ 


PREVIOUS 
DATAVAUO~::::::::::::::::::::::::::DA:T:A:V:AL:'D:::::::::::::::::::::*-- 


Vcc 


SUPPLY 
CURRENT 


tHZCS 
HIGHIMPEDANCE 


tpD ==-1 
------------------------------~ :::• 


CYM1822 


Switching Waveforms (continued) 


Write Cycle No.1 (WE Controlled) 
(1) 


DATA-IN 
VAUD 


tHZWE~ 
HIGH 
IMPEDANCE 
DATA UNDEFINED 
------------------------- 


CSu CSL 
OE 
WE 
Input/Outputs 
Mode 


H 
H 
X 
X 
Hil!hZ 
Deselect/Power-Down 


L 
L 
L 
H 
Data OutO_31 
Read 


H 
L 
L 
H 
Data Outo 
15 Read Lower Word 


L 
H 
L 
H 
Data Out16-31 
Read Upper Word 


L 
L 
X 
L 
Data In 0 31 
Write 


H 
L 
X 
L 
Data In 0-15 
Write Lower Word 


L 
H 
X 
L 
Data In 16-31 
Write Upper Word 


L 
L 
H 
H 
High Z 
Deselect 


H 
L 
H 
H 
HighZ 
Deselect 


L 
H 
H 
H 
High Z 
Deselect 


CYM1822 


Speed 
Ordering Code 
Package 
Operating 


l)'pe 
Range 


12 
CYMI822HV-I2C 
.•.••• 
•HV02 
Commercial 


····15· 
CYM1822HV~isc< 
. 
Commercial 


CYM1822HVclSMB 
IiHv02 
Military 


20 
CYM1822HV-2OC 
HV02 
Commercial 


CYM 1822LHV-2OC 
HV02 


.CYM1822HY;c2OMB 
••.•.HV02 
Military 


25 
CYM 1822HV-25C 
HV02 
Commercial 


CYM 1822LHV -25C 
HV02 


CYM1822HV -25MB 
HV02 
Military 


CYM 1822LHV -25MB 
HV02 


30 
CYM 1822HV-3OC 
HV02 
Commercial 


CYM 1822LHV -30C 
HV02 


CYM 1822HV-30MB 
HV02 
Military 


CYM 1822LHV -30MB 
HV02 


35 
CYM 1822HV-35C 
HV02 
Commercial 


CYM 1822LHV -35C 
HV02 


CYM 1822HV-35MB 
HV02 
Military 


CYM1822LHV-35MB 
HV02 


45 
CYM 1822HV45C 
HV02 
Commercial 


CYM 1822LHV -45C 
HV02 


CYM 1822HV45MB 
HV02 
Military 


CYM 1822LHV -45MB 
HV02 


Shaded area conlalOs prellmlOary IOformatlon. 


Document I: 38-M-QOOl6-A 
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Features 


• 
High-density 
I-megabit 
SRAM 
module 
• 
High-speed CMOS SRAMs 
- Access time of 25 ns 


• 
66-pin, 1.1-inch-square 
PGA package 
• 
Low active power 
- 
3.3W (max.) 


• 
Hermetic SMD technology 
• 
TTL-compatible 
inputs and outputs 
• 
Commercial 
and military 
temperature 
ranges 


Ao •. A14 
15 
OE 


WE, 
CS1 


WE2 
CS2 


WE3 
CS3 


WE4 
CS4 


Functional 
Description 


The CYMI828 is a very high performance 
I-megabit static RAM module organized 
as 32K words by 32 bits. The module is con- 
structed using four 32K x 8 static RAMs 
mounted 
onto a multilaye.!:-ccramic sub- 
strate. Four chip selects (CSj, CS2, CS3, 
CS4) are used to independently 
enable the 
four bytes. Reading or writing can be ex- 
ecuted on individual bytes or any combina- 
tion of multiple bytes through proper use 
of selects. 
Writing to each byte is accomplished when 
the 
appropri~chip 
selects (CSN) and 
write enable (WEN) inputs are both LOW. 


Data on thc input/output 
pins (1I0x) is 


written into the memory location spccificd 
on the addrcss pins (Ao through A,4). 


Reading thedcvice is accomplished by tak- 
ing chip selects LOW while write cnable 
remains HIGH. 
Under these conditions, 


the contents of the memory location spcci- 
fied on the address pins will appear on the 
data input/output 
pins. 


Thc data input/output 
pins rcmain 
in a 


high-impedance state when write enable is 
LOW or the appropriate 
chip selects are 


HIGH. 


12 
23 
34 
45 
56 


01/0, 
OWE, 
0 
1/0" 
NC 0 
Vco 0 
1/0,,0 


0,/0, o CS, 0,/0,. 
1/0,,0 
CS.O 
1/0,,0 


o I/O" 0 
GND0 
1/0" 
1/0,,0 
WE.O 
1/0,,0 


OA" 
01/0" 
0 
1/0" 
A,; 
0 
1/0,,0 
1/0,,0 


o A" o A" 
OCE 
A, 0 
A, 0 
Ao 
0 


o NC o A" o NC 
NC 0 
A,. 0 
A, 
0 


o NC o A" 
OWE, 
A, 
0 
A, 0 
A, 0 


o NC o Vcc 
0'/0, 
A, 
0 
WE,O 
1/0,,0 


01/0, o cs, 
01/0< 
1/0,,0 
cs,O 
1/0,,0 


01/0, o NC 01/0, 
1/0,,0 
GNDO 1/0,,0 


01/0, 
01/0, 
01/0. 
1/0,,0 
1/0,,0 
1/0,,0 


11 
22 
33 
44 
55 
66 
1828·2 


1828-25 
1828-30 
1828-35 
1828-45 
1828-55 
1828-70 


Maximum Access Time (ns) 
25 
30 
35 
45 
55 
70 


Maximum Operating Currcnt (mA) 
Commercial 
600 
600 
600 
600 
600 
600 


Military 
600 
600 
600 
600 


Maximum Standby Current (mA) 
Commercial 
200 
200 
200 
200 
200 
200 


Military 
200 
200 
200 
200 


Maximum 
Ratings 


(Above which the useful life may be impaired.) 


Storage Temperature 
- 65°C to + 150°C 


Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
OOCto + 70°C 
5V ± 10% 


Military 
-55°C to + 125°C 
5V ± 10% 


1828 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min.,loH 
= -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min.,loL 
= 8.0 mA 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vcc 
V 
+ 0.3 


VIL 
Input LOW Voltage 
-0.3 
0.8 
V 


II){ 
Input Load Current 
GND < VI < Vcc,Vcc 
= Max. 
-20 
+20 
~A 


loz 
Output Leakage Current 
GND < Vo < Vcc, Output Disabled 
-20 
+20 
~ 
ICCx32 
Vcc Operating 
Supply 
Y!;c = Max., lOUT= 0 mA, 
600 
mA 
Current by 32 Mode 
CSN2 VIL 
L Version 
400 


ICCxl6 
Vcc Operating Supply 
Y!;c = Max., lOUT= 0 mA, 
360 
mA 
Current by 16 Mode 
CSN2 VIL 
L Version 
230 


Iccx8 
Vcc Operating 
Supply 
Y!;c = Max., lOUT= 0 mA, 
240 
mA 
Current by 8 Mode 
CSN2 VIL 
L Version 
145 
ISB1 
Automatic 
CS Power-Down 
Max. Vcc; CS > VIH, 
200 
mA 
Currentl!] 
Min. Duty Cycle = 100% 


ISB2 
Automatic 
CS Power-Down 
Max. Vcc; CS > Vcc - 0.2V, 
100 
mA 
Currentl!] 
VIN > Vcc - o:zv or V'N < 0.2V 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C,f= 
1 MHz, 
50 
pF 
CoUT 
Output Capacitance 
Vcc = 5.0V 
20 
pF 


Notes: 
1. 
A pull-up resistor to Vcc on the CSN input is required to keep the de- 
vice deselected 
during Vcc power-up, otherwise ISBwill exceed values 


given. 


R1481n 
R1481n 


OUTP; 
~ 
R2 
OUTP~~ ~ 
R2 
,~,~:Fl1 
255n 
,~,.~:Fl1 
255n 


INCLUDING I 
_ 
INCLUDING I 
_ 


JIG AND 
- 
- 
JIG AND 
- 
- 
SCOPE 
SCOPE 
, 
THEVENIN EQUIVALENT 
167n 


• 


1828-25 
1828-30 
I 
1828-35 
I 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
I 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
25 
30 
35 
os 


tAA 
Address 
to Data 
Valid 
25 
30 
35 
os 


laHA 
Data 
Hold 
from 
Address 
Chaoge 
3 
3 
3 
os 


tACS 
CS LOW 
to Data 
Valid 
25 
30 
35 
os 


tOOE 
OE 
LOW 
to Data 
Valid 
15 
17 
20 
oS 


tLZOE 
OE 
LOW 
to Low 
Z 
0 
0 
0 
os 


tHWE 
OE 
HIGH 
to High 
Z 
15 
15 
25 
ns 


tLZCS 
CS LOW 
to Low 
Z14) 
3 
3 
3 
ns 


tnzcs 
CS HIGH 
to High 
Z14.51 
15 
15 
25 
os 


WRITE 
CYCLEI61 


twc 
Write 
Cycle 
Time 
25 
30 
35 
os 


tscs 
CS LOW 
to Write 
Eod 
20 
25 
30 
os 


tAW 
Address 
Set-Up 
to Write 
Eod 
20 
25 
30 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
0 
0 
0 
os 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
os 


tpwE 
WE 
Pulse 
Width 
20 
25 
25 
os 


tso 
Data 
Set-Up 
to Write 
Eod 
15 
20 
17 
os 


tHo 
Data 
Hold 
from 
Write 
Eod 
0 
0 
0 
os 


tLZWE 
WE 
HIGH 
to Low 
Z14) 
0 
0 
0 
os 


tHzwE 
WE 
LOW 
to High 
Z14.51 
0 
15 
0 
20 
0 
30 
os 


1828-45 
1828-55 
1828-70 


Parameters 
Description 
Min. 
I Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRc 
Read 
Cycle 
Time 
45 
55 
70 
os 


tAA 
Address 
to Data 
Valid 
45 
55 
70 
ns 


laHA 
Data 
Hold 
from 
Address 
Chaoge 
3 
3 
3 
oS 


tAcs 
CS LOW 
to Data 
Valid 
45 
55 
70 
oS 


tOOE 
OE 
LOW 
to Data 
Valid 
25 
30 
35 
os 


tLWE 
OE 
LOW 
to Low 
Z 
0 
0 
0 
os 


tHWE 
OE 
HIGH 
to High 
Z 
25 
30 
30 
os 


tLZCS 
CS LOW 
to Low 
Z14) 
3 
3 
3 
ns 


tHZCS 
CS HIGH 
to High 
Z14.51 
25 
30 
30 
ns 


WRITE 
CYCLEI61 


twc 
Write 
Cycle 
Time 
45 
55 
70 
os 


tscs 
CS LOW 
to Write 
Eod 
40 
45 
55 
os 


tAw 
Address 
Set-Up 
to Write 
Eod 
40 
45 
55 
os 


tHA 
Address 
Hold 
from 
Write 
Eod 
0 
0 
0 
os 


tSA 
Address 
Set-Up 
to Write 
Start 
0 
0 
0 
os 


tpwE 
WE 
Pulse 
Width 
30 
35 
45 
os 


tso 
Data 
Set-Up 
to Write 
Eod 
25 
30 
40 
os 


tno 
Data 
Hold 
from 
Write 
Eod 
0 
0 
0 
os 


tLzwE 
WE 
HIGH 
to Low 
Z14) 
0 
0 
0 
os 


tHzwE 
WE 
LOW 
to High 
ZI4.5) 
0 
30 
0 
30 
0 
30 
os 


1828 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VDR 
V CC for Retention 
Data 
CS > Vcc - O.2V 
2.0 
V 


IccDR3 
Data 
Retention 
Current 
CS > Vcc - 0.2V, 
320 
f.lA 


!cDRPI 
Chip 
Deselect 
to Data 
Retention 
Time 
VtN:> V cc - 0.2V, 
0 
ns 
or \'iN .:::.0.2Y, V DR = 3.0V 
tRPI 
Operation 
Recovery 
Time 
tRC 
ns 


Switching Waveforms 


ADDRESS 


DATA 
OUT 
PREVIOUS DATAVAUD 
•.... 
D_A_TA_VA_U_D 
_ 
---*------• 


Vce 


SUPPLY 


CURRENT 


tPD~ 
-----------------500/: 
- 
'CC 


'S8 


Notes: 
3. 
Test conditions assume signal transition times of 5 os or less, timing 
reference 
levels of l.SY, input levels of 0 to 3.0V, and output loading 
of the specified IodloH 
and 30-pF load capacitance. 
4. 
At any given temperature 
and voltage condition, 
tHZCS is less than 


tLZCS for any given device. These parameters are guaranteed and not 
100% tested. 
5. 
tHZCSand tHzwE are specified with CL = 5 pF as in part (b) of AC 
Test Loads. Transition is measured 
± 500 mY from steady state 


voltage. 


6. 
The internal write time of the memory is defined by the overlap ofCSN 
LOW and WEN LOW, Both signals must be LOW to initiate a write, 
and either signal can terminate 
a write by going HIGH. The data input 
set-up and hold timing should be referenced 
to the rising edge of the 


signal that terminates the write. 


7. 
Guaranteed, 
not tested. 
8. 
WEN is HIGH 
for read cycle. 
9. 
Device is continuously 
selected, 
CS = V'L and OE = V'L. 


10. Address valid prior to or coincident 
with CS transition 
LOW, 


Switching Waveforms 
(continued) 


Write Cycle No.1 (WE Controlled) 
[6. 111 


tHZWE=i 
DATA UNDEFINED 
' 
HIGH 
IMPEDANCE 
-------------------------- 


12. IfCSN goes HIGH siumuitaneously 
with WEN HIGH, 
the output re- 


mains in a high-impedance state. 


CSN 
OE 
WEN 
Inputs/Outputs 
Mode 


H 
X 
X 
HighZ 
Deselect/Power-Down 


L 
L 
H 
Data Out 
Read 


L 
X 
L 
Data In 
Write 


L 
H 
H 
HighZ 
Deselect 


Speed 
Package 
Operating 
(os) 
Ordering Code 
lYpe 
Range 


25 
CYM1828HG-25C 
HGOl 
Commercial 


30 
CYM1828HG-3OC 
HGOl 
Commercial 


35 
CYM1828HG-35C 
HGOl 
Commercial 


CYM1828LHG-35C 
HGOl 


CYM1828HG-35MB 
HGOl 
Military 


CYM1828LHG-35MB 
HGOl 


45 
CYM1828HG-45C 
HGOl 
Commercial 


CYM1828LHG-45C 
HGOl 


CYM1828HG-45MB 
HGOl 
Military 


CYM1828LHG-45MB 
HGOl 


55 
CYM1828HG-55C 
HGOl 
Commercial 


CYM1828LHG-55C 
HGOl 


CYM1828HG-55MB 
HGOl 
Military 


CYM1828LHG-55MB 
HGOl 


70 
CYM1828HG-7OC 
HGOl 
Commercial 


CYM1828LHG-7OC 
HGOl 


CYM1828HG-70MB 
HGOl 
Military 


CYM1828LHG-70MB 
HGOl 
• 


• 
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CYM1830 
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SEMICONDUCTOR 


Features 


• 
High-density 2-megabit SRAM module 


• 
High-speed CMOS SRAMs 
- 
Access time of 25 ns 
• 
Independent 
byte and word controls 


• 
Low active power 
- 
4.8W (max.) 
• 
Hermetic SMD technology 


• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .270 in. 


• 
Small PCB footprint 
- 
1.8 sq. in. 


C?, 
WE, 


Functional Description 
The CYM1830 is a high-performance 
2-megabit static RAM module organized 
as 64K words by 32 bits. This module is 
constructed from eight 64K x 4 SRAMs in 
LeC packages mounted on a ceramic sub- 
strate with pins. Four chip selects (CSo 
CS1 ,CS2 and CS3) are used to independ- 
ently enable the four bytes. Two write en- 
ables (WEo and WE!) are used to inde- 
pendently write to either upper or lower 
16-bit word of RAM. Reading 
or writing 
can be executed on individual bytes or any 
combination of multiple bytes through 
proper use of selects and write enables. 
Writing to each byte is acco!!!£lished when 
the appropriate 
chip select (CSx) and write 


64K X 32 Static RAM 


Module 


enable (WEx) inputs are both Law. 
Data 


on the input/output 
pins (IJOx) is written 


into the memory location specified on the 
address pins (Ao through A,5). 
Reading the device is accomplished by 
taking the chip selects (CSx) LOW, while 
write enables(WEx) 
remains HIGH. Un- 


der these conditions the contents of the 
memory location specified on the address 
pins will appear on the data input/output 
pins (IJ0x). 
The Data input/output 
pins stay in the 


high-impedance 
state when write enables 


(WEx) are LOW, or the appropriate 
chip 


selects are HIGH. 


Pin Configuration 


DIP 


1830HD-25 
1830Ho.30 
1830HD-35 
1830HD-45 
1830HD-55 


Maximum Access Time (ns) 
25 
30 
35 
45 
55 


Commercial 
880 
880 
880 
880 
880 


Maximum Operating 
Current (mA) 
Military 
880 
880 
880 


Maximum Standby Current (mA) 
Commercial 
320 
320 
320 
320 
320 


Military 
320 
320 
320 


-~ 
~. 
,~ 
=;;I~ 
CYM1830 
~, 
SEMJCaIDOC'I'CR 
====================================== 


Maximum Ratings 
(Above which the useful life may be impaired. For user guidelines not tested.) 


Storage Temperature. 
. . . . . . . 
. 
-65°C to + 150°C 
Operating Range 


Ambient Temperature 
with 
Power Applied 
-55°C to + 125°C 


Supply Voltage to Ground Potential. 
. . . . . . .. 
-D.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. 
. . . . . . . . . . . . . . . . . . . . • . . . .. 
-D.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . . . .. 
-D.5V to + 7.0V 


Output Current into Outputs (Low) . . . . . . . . . . . . . . . .. 
20 mA 


Electrical Characteristics 
Over the Operating Range 


Range 
Ambient 
Vcc 
Temperature 


Commercial 
O°C to +70°C 
5V ± 10% 


Military 
(4J 
-55°C to + 125°C 
5V ± 10% 


Parameters 
Description 
Test Conditions 
CYM1830HD 
Units 


Min. 
Max. 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
V 


V1L 
Input LOW Voltage 


, 


-D.5 
0.8 
V 


IIX 
Input Load Current 
GND < VI < Vee 
-20 
+20 
IJ.A 


Ioz 
Output Leakage Current 
GND oS.Vo oS.Vee, Output Disabled 
-10 
+ 10 
jJ.A 


Ios 
Output Short Circuit 
Vee = Max., VOUT= GND 
-350 
mA 
Current 
[IJ 


Ice 
Vee Operating 
Supply 
~e 
= Max., lOUT= 0 mA 
880 
mA 
Current by 16 Mode 
CSxoS. V1L 


Automatic CS 
Max. Vee , CSx 2. VIH 
~ 


ISB1 
Power-Down Current 
[2J 
Min. Duty Cycle = 100% 
320 
mA 


ISB2 
Automatic CS 
Max. Vee, CSx 2. Vee - O.3V, 
160 
mA 
Power-Down Current 
(2J 
VIN2. Vee - 0.3V or V,N oS.0.3V 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1NA 
Input Capacitance, Address Pins 
TA = 25°C, f = 1 MHz. 
90 
pF 


C,NB 
Input Capacitance, I/O Pins 
Vee =5.0V 
30 
pF 


CoUT 
Output Capacitance 
30 
pF 


Notes: 
I. 
Not more than 1output shouldbe shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 
2. 
A pull-upresistor 10Vee on the CSinput isrequired to keep the de- 
vice deselected during Vee power-up,otherwise ISB willexceedval- 
ues given. 


3. 1l:stedinitiallyand after any designor processchangesthat mayaf- 


fect these parameters. 
4. 
TAis the "instant on" case temperature. 


AC Test Loads and Waveforms 
R1 329.0. 
R1 329.0. 


OUTP; 
~(481.o. 
MIL) 
OUTP; 
~(481.o. 
MIL) 


30 pF 
~2.o. 
5 pF 
~g2.o. 
I 
(255 .0. MIL) 
I 
(255 .0. MIL) 


INCLUDING = 
= 
INCLUDING= 
= 


JIG AND 
JIG AND 


SCOPE 
(a) 
SCOPE 


I 
Equivalentto: 
THEVENINEQUIVALENT 


167.0. 


OUTPUT0...--""••"'••..••.. 
--.0 
1.73V 


125 .0. 
••••• 
0 1.90V 


Commercial 


1830HD·25 
1830HD·30 
1830HD-35 
1830HD·45 
1830HD-55 
Parameters 
Description 
Unit 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
25 
30 
35 
45 
55 
ns 


tAA 
Address 
to Data 
Valid 
25 
30 
35 
45 
55 
os 


toHA 
OutDut 
Hold 
from 
Address 
Change 
3 
3 
3 
3 
3 
ns 


tACS 
CS LOW 
to Data 
Valid 
25 
30 
35 
45 
55 
ns 


tucs 
CS LOW 
to Low 
Z(7J 
3 
3 
3 
3 
3 
os 


tHZCS 
CS HIGH 
to High 
Z(6,71 
15 
15 
20 
20 
20 
os 


tpu 
CS LOW 
to Power-Up 
0 
0 
0 
0 
0 
oS 


tpo 
CS HIGH 
to Power-Down 
25 
30 
35 
45 
55 
os 


WRITE 
CYCLE 
(8J 


twc 
Write 
Cycle 
Time 
25 
30 
35 
45 
55 
os 


tscs 
CS LOW 
to Write 
Eod 
20 
25 
30 
40 
40 
os 


tAw 
Address 
Set-Up 
to Write 
End 
20 
25 
30 
40 
40 
os 


tHA 
Address 
Hold 
from 
Write 
Eod 
2 
2 
2 
2 
2 
os 


tSA 
Address 
Set-Up 
to Write 
Start 
2 
2 
2 
2 
2 
os 


tpWE 
WE 
Pulse 
Width 
20 
25 
25 
30 
40 
os 


tso 
Data 
Set-Up 
to Write 
End 
15 
20 
20 
25 
25 
ns 


tHD 
Data 
Hold 
from 
Write 
End 
2 
2 
2 
2 
2 
os 


tuWE 
WE 
HIGH 
to Low 
Z[71 
1 
3 
3 
3 
3 
os 


tHZWE 
WE 
LOW 
to High 
Z(6. 7J 
0 
15 
0 
20 
0 
20 
0 
20 
0 
20 
os 


Notes: 


S. 
Test conditions assume signal transition times of 5 os or less, timing 
reference 
levels of 1.5V, input levels of 0 to 3.0V and output loading 


of the specified 10LIIoH and 30-pF load capacitance, 


6, 
tHZCS and tHZWE are specified 
with CL = 5 pF as in part (b) of 


AC Test Loads. Transition 
is measured 
±500 mV from steady state 


voltage. 


7, 
At any given temperature 
and voltage condition, 
tHZCSis less than 


lues 
for any given device. 
8. 
The internal write time of the memory is defined by the overlap ofCS 
WWand 
WEWW 
Both signals must be WW to initiate awriteand 


either signal can terminate 
a write by going HIGH, 
The data input 


set-up and hold timing should be referenced 
to the rising edge of the 


signal that terminates the write. 


9. 
WE is HIGH 
for read cycle. 


10. Device is continuously 
selected, 
CS = V,L. 


11. Address valid prior to or coincident 
with CS transition WW 


12. IICS goes HIGH simultaneously 
with WE HIGH, 
the output remains 


in a high-impedance state. 


Switching Waveforms 
(IOJ 


Read 
Cycle 
No.1 
[9, 10J-F 
lAC 
-2,~~~ 


_____ 
PA_EV_IO_US_D_A_T~~~~~~~~~~~~~~~~~~~~~~~~~~D~A~T~A~VA~L~ID~~~~~~~~~~~~~~~~~~~~~ *-- 


~ 
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tHZCS 


HIGH 
IMPEDANCE 
OATAVAUD 


tpD =t=: 


1830-8 


twc 


tscs 


tAW 


tpWE 


tSD 


DATA-IN VALID 


tHZWE~ 
t~E=k 
• 


HIGH 
IMPEDANCE 


1830-9 


twc 


tscs 


tHA 


tpwE 


tSD 


DATA-IN VALID 


tHZWEl 
HIGH 
IMPEDANCE 


1830-10 


Switching Waveforms (continued) 


Read Cycle No. 219, 101 


Vcc 


SUPPLY 
CURRENT 


tLZCS 


_____ 
t_ 


pu_1-SO-%---------------------------- 


CSx 
WEx 
Input/Outputs 
Mode 


H 
X 
HighZ 
Deselect/Power-Down 
L 
H 
Data Out 
Rcad 
L 
L 
Data In 
Write 


Speed 
Ordering Code 
Package 
Operating 
lYpe 
Range 


25 
CYM 1830HD-25C 
HD06 
Commercial 


30 
CYM 1830HD-3OC 
HD06 
Commercial 


35 
CYM 1830HD-35C 
HD06 
Commercial 


CYM 1830HD-35MB 
HD06 
Military 


45 
CYM1830HD-45C 
HD06 
Commercial 


CYM 1830HD-45MB 
HD06 
Military 


55 
CYM 1830HD-55C 
HD06 
Commercial 


CYM 1830HD-55MB 
HD06 
Military 


• 
~ 
--.' .~ 
':2 CYPRESS 
F 
SEMICONDUCTOR 


Features 


• 
High-density 
2-Mbit SRAM module 
• 
High-speed CMOS SRAMs 
- Access time of 20 ns 


• 
Low active power 
-4W(max.) 


• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .50 in. 


• 
Small PCB footprint 
- 
1.2 sq. in. 


• 
JEDEC-compatible 
pinout 


Functional Description 


The 
CYM1831 
is a high-performance 
2-Mbit static RAM module organized as 
64K words by 32 bits. This module is con- 
structed from eight 64K x 4 SRAMs in SOJ 
packages 
mounted on an epoxy laminate 
board with pins. Four chip selects (CS" 
CS2• CS3 and CS.) are used to indepen- 
dently enable the four bytes. Reading or 
writing can be executed on individual bytes 
or 
any combination 
of multiple 
bytes 


through proper use of selects. 


Writing to each byte is accomplished when 
the 
appropriate 
chip selects (CSN) 
and 
write enable (WE) inputs are both LOW. 
Data on the input/output 
pins (IIOx) is 
written into the memory location specified 
on the address pins (Ao through A,s)· 


Reading the device is accomplished by tak- 
ing thec~elects 
(CSN) LOW and output 
enable 
(OE) 
LOW 
while write enable 


(WE) remains HIGH. Under these condi- 
tions the contents of the memory location 
specified on the address pins will appear 
on the data input/output 
pins (!lOx). 


The data 
input/output 
pins stay in the 


~impedance 
state when write enable 


(WE) is LOW or the appropriate 
chip 


selects are HIGH. 


Two pins (PDO and 
PD1) are used to 


identify module memory density in 
applications where alternate versions 
of the JEDEC-standard 
modules can be 


interchanged. 


ZIPISIMM 


PDD-ONen 
Top View 


Ao - A,s 


PD1-G 
D 
, 
GND 
16 
PDD 
2 
3 
PD1 
DE 
1/00 
• 
5 
1/06 
I/O, 
6 
1/02 
8 
7 
I/Og 
9 
1/010 
1/03 
'0 " 
I/O" 
Vcc 
'2 
13 
Ao 


1/00 -1/03 
I/O. 
-1/07 
A7 
,. 15 
A, 
A8 
'6 
17 
A2 
Ag 
'8 
19 
1/0,2 
~, 
I/O. 
20 21 
1/0,3 • 


1/05 
22 


1/06 
2. 
23 
1/0,4 


1!2z. 
26 25 
I/O,s 


27 
GND 
1/08 -I/O" 
1/0'2 
-1/0'5 
~~ 


28 29 


~2 


30 31 
32 


~2 
CS3 
33 
~4 


NC 
35 
J::I.C 


1/0,6 -I/O,g 
1/020 -1/023 
GND 
37 
DE 
1/0,6 
39 
1/024 


1/017 
4' 
1/025 


~3 


1/0,8 
43 
1/026 


I/O,g 
45 
1/027 
AlO 
47 
A3 


A" 
49 
A. 


1/024 -1/027 
1/028 -1/03, 
A 
' 
2 
5' 
A5 


An 
53 
Vcc 


1/020 
55 
A6 


~4 
57 
1/021 
59 
1/028 


1/022 
6' 
1/029 


1831-1 
1/023 
63 
1/030 


GND 
1/031 


1831~2 


Selection Guide 


1831-20 
1831-25 
1831-30 
1831-35 
1831-45 


Maximum Access Time (ns) 
20 
25 
30 
35 
45 


Maximum Operating 
Current (mA) 
960 
720 
720 
720 
720 


Maximum Standby Current (mA) 
160 
160 
160 
160 
160 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Output Current into Outpus (LOW) 


Ambient Temperature 
with 


Power Applied 
-55°Cto 
+ 125°C 


Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. . . . . . . . . . . . . . . . . . . . . . . . .. - 0.5V to + 7.0V 
DC Input Voltage 
- 0.5V to + 7.0V 


Electrical 
Characteristics 
Over the Operating Range 


Range 


Commercial 


Ambient 
Temperature 


O°C to + 70°C 


Vcc 


5V ± 10% 


1831-20 
1831-25,35,45 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., IOH = -4.0 mA 
2.4 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min., 10L = 8.0 mA 
0.4 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
2.2 
Vee 
V 


V'L 
Input LOW Voltage 
- 0.5 
0.8 
- 0.5 
08 
Y 


I,x 
Input Load Current 
GND..$.. V,..$.. Vce 
-20 
+20 
-20 
+20 
llA 


loz 
Output Leakage Current 
GND..$..Vo..$..Vce, Output Disabled 
-20 
+20 
-20 
+20 
llA 


Ice 
Yee Operating 
Yce = Max., lOUT= 0 mA 
960 
720 
mA 
Supply Current 
CSN..$..V'L 


ISB1 
Automatic CS 
Vee = Max., CSN2:. VIH 
320 
320 
mA 
Power-Down Currentlll 
Min. Duty Cycle = 100% 


ISB2 
AutomaticCS 
Vee = Max., CSN2:. Vee - 0.2Y, 
160 
160 
mA 
Power-Down Currentlll 
V'N 2:. Yee - 0.2Y or V,N..$..0.2Y 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C,NA 
Input Capacitance (Ao - A,6, CS, WE, OE) 
TA = 25°C, f = 1 MHz, 
80 
pF 


C,NB 
Input Capacitance (I/Oo - I/03l) 
Yee = 5.0Y 
15 
pF 


COUT 
Output Capacitance 
15 
pF 


Notes: 
I. 
A pull-up resistor to Vee on the CS input isrequired to keep the de- 
2. 
Testedon a samplebasis. 
vicedeselecledduringVee power-up;otherwiseISBwillexceedvalues 
given. 


AC Test Loads and Waveforms 


R14810 


OUTP~31 


30PFI 
R2 
2550 
INCLUDING _ 
_ 
JIG AND 
- 
- 
SCOPE 
(a) 


5V~R14810 
OUTPUT 


5 pF 
R2 
2550 
INCLUDINGI 
_ 
JIG AND 
- 
- 
SCOPE 
(b) 


90% 
GND ---:;j 
10% 


..s.5ns--11- 


THEVENINEQUIVALENT 
167n 
OUTPUT"D--~ 
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1831-20 
1831-25 
1831-30 
1831-35 
1831-45 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRe 
Read 
Cycle 
Time 
20 
25 
30 
35 
45 
ns 


tAA 
Address 
to Data 
Valid 
20 
25 
30 
35 
45 
ns 


tOHA 
Output 
Hold 
from Address 
Change 
3 
3 
3 
3 
3 
ns 


tACs 
es LOW 
to Data 
Valid 
20 
25 
30 
35 
45 
ns 


tOOE 
OE 
LOW 
to Data 
Valid 
10 
15 
20 
20 
30 
ns 


tLWE 
OE 
LOW 
to Low 
Z 
0 
0 
0 
0 
0 
ns 


tHWE 
OE 
LOW 
to High 
Z 
10 
15 
15 
20 
20 
ns 


tLzcs 
CS LOW 
to Low 
ZI41 
0 
3 
3 
3 
3 
ns 


tHzcs 
CS HIGH 
to High 
Z14.5J 
8 
13 
15 
20 
20 
ns 


tpu 
CS LOW 
to Power-Up 
0 
0 
0 
0 
0 
ns 


tPD 
CS HIGH 
to Power-Down 
20 
25 
30 
35 
45 
ns 


WRITE 
CYCLEl6) 


twe 
Write 
Cycle 
Time 
20 
25 
30 
35 
45 
ns 


tses 
CS LOW 
to Write 
End 
15 
20 
25 
30 
40 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
15 
20 
25 
30 
40 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
2 
2 
2 
2 
2 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
2 
2 
2 
2 
2 
ns 


tpwE 
WE 
Pulse 
Width 
15 
20 
25 
25 
30 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
12 
15 
15 
20 
20 
ns 


tHD 
Data 
Hold 
from 
Write 
End 
2 
2 
2 
2 
2 
ns 


tLZwE 
WE 
HIGH 
to Low 
Z14] 
3 
3 
3 
3 
3 
ns 


tHzwE 
WE 
LOW 
to High 
ZI4.5] 
0 
10 
0 
13 
0 
15 
0 
20 
0 
20 
ns 


Notes: 
3. 
Test conditions 
assume signal transition time of 5 os or less, timing ref- 


erence levels of 1.5V, input pulse levels of 0 to 3.0Y, and output load- 
ing of the specified IodIDH and 30-pF load capacitance. 
4. 
At any given temperature 
and voltage conditon, 
tHZCS is less than 


tLzcs for any given device. These 
parameters 
are guaranteed 
and not 


100% tested. 
5. 
tHZCSand tHzwE are specified with CL = 5 pF as in part (b) of AC 
Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 


6. 
The internal write time of the memory is defined by the overlap ofCS 
WW and WE WW. 
Both signals must be WW to initiate a write 


and either signal can terminate 
a write by going HIGH. 
The data input 


set-up and hold timing should be referenced 
to the rising edge of the 


signal that terminates 
the write. 
• 
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Read Cycle No. 1[8.9) 


IoHA 


PREVIOUSDATAVALID 


Vcc 
SUPPLY 
CURRENT 


lues 
~J5O% 
~DZ 
ICC 
50% 


ISB 


IHZWE j 


DATAOUT--------O-A-TA-U-N-O-E-F-IN-E-O-------- 
> 


luwE--l 


HIGHIMPEDANCE <: 
_ 


No"",: 
7. 
CS" CS2• CS3• and CS. are represeneled 
by CS in the Switching Char- 


acteristics and Waveform sections. 


8. 
Device is continuously 
selected. 
CS = V1L and OE = V1L. 


9. 
WE is HIGH 
for read cycle. 


10. Address valid prior to coincident 
with CS transition 
Ww. 


Switching Waveforms171 
(continued) 


Write Cycle No.2 (CS Controlled)16,1I] 


~~E1 
_ 
J 
HIGH IMPEDANCE 


CSN 
WE 
OE 
Inputs/Outputs 
Mode 


H 
X 
X 
HighZ 
Deselect/Power-Down 


L 
H 
L 
Data Out 
Read 


L 
L 
X 
Data In 
Write 


L 
H 
H 
HighZ 
Deselect 
j 
• 


Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
Type 
Range 


20 
CYM1831PM-2OC 
PMOI 
Commercial 


CYM1831PZ-2OC 
PZOI 


25 
CYM1831PM-25C 
PMOI 
Commercial 


CYM1831PZ-25C 
PZOI 


30 
CYM1831PM-3OC 
PMOI 
Commercial 


CYM1831PZ-3OC 
PZOI 


35 
CYM1831PM-35C 
PMOI 
Commercial 


CYM1831PZ-35C 
PZOI 


45 
CYM 1831PM-45C 
PMOI 
Commercial 


CYM1831PZ-45C 
PZOI 
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Features 


• 
High-density 
2M-bit SRAM module 


• 
High-speed CMOS SRAMs 
- 
Access time of 25 ns 


• 
Low active power 
- 
SAW (max.) 


• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .50 in. 


• 
Small PCB footprint 
-1.0 sq. in. 


Functional 
Description 


The CYM1832 is a high-performance 
2-Mbit static RAM module organized as 
64K words by 32 bits. This module is con- 
structed from eight 64K x 4 SRAMs in 
SOJ packages 
mounted on an epoxy lami- 
nate board with pins. Four chip selects 
(CS" CSz, CSj, and CS.) are used to inde- 
pendently enable the four bytes. Reading 
or writing can be executed on individual 
bytes or any combination of multiple bytes 
through proper use of selects. 
Writing to each byte is accom..£!!shedwhen 
the appropriate chip selects (CSN) and 
write enable (WE) inputs are both LOW 
Data on the input/output 
pins 


64K X 32 Static RAM 
Module 


(Il0X> is written into the memory 
location specified on the address pins 
(Ao through A,s). 
Reading the device is accomplished by 
taking the chi~lects 
(CSN) LOW, while 


write enable (WE) remains HIGH. 
Under 


these conditions the contents of the mem- 
ory location specified on the address pins 
will appear on the data input/output 
pins 


(IIOx)· 
The data input/output 
pins stay in the 


l.!i8!!.-impedancestate when write enable 
(WE) is LOW, or the appropriate 
chip 


selects are HIGH. 


Pin Configuration 


ZIP 


Top View 


1/00 
, 
GND 


3 
1/08 
110, 
5 
1/09 
1102 
7 
11010 
1/03 
9 
I/O" 
Vcc 
" 
Ao 
A7 
'3 
~, 


~8 
'5 
1/0,2 
1109 
'7 


liD' 
19 
1/013 


1/05 
2' 
1/01• 


liDS 
23 
I/O,s 


~ 
25 
GND 


27 
~2 
Vcc 
29 ~. 
~; 
31 
A,• 


GND 
33 
A,s 


I/O,s 
35 
1102• 


1/017 
37 
1/025 


1/0,8 
39 
1/026 


1/0,9 
41 
1/027 


AlO 
43 
A3 


A" 
45 
A4 


A'2 
47 
As 


A'3 
49 
Vcc 


1/020 
5' 
As 


1/02, 
53 
1/028 


1/022 
55 
1/029 


1/023 
57 
1/030 


GND 
59 
1/031 


1832-2 


1832PZ-25 
1832PZ-35 
1832PZ-45 
1832PZ-55 


Maximum Access Time (ns) 
25 
35 
45 
55 


Maximum Operating Current (mA) 
980 
980 
980 
980 


Maximum Standby Current (mA) 
240 
240 
240 
240 


-~ 
. 
,~ 
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CYM1832PZ 


Parameters 
Description 
Test Conditions 
Units 


Min. 
Max. 


VOH 
Output HIGH Voltage 
VCC = Min., IOH = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
VCC = Min., IOL = 8.0 mA 
0.4 
V 


'1H 
Input HIGH Voltage 
2.2 
VCC 
V 


'1L 
Input LOW Voltage [lJ 
-0.5 
0.8 
V 


IIX 
Input Load Current 
GND .5- Yt .5- Vcc 
-20 
+20 
ilA 


Ioz 
Output Leakage Current 
GND.5- VO.5- VCc. Output Disabled 
-100 
+ 100 
ilA 


Icc 
VCCOperating 
.Yc.c = Max., lOUT = 0 mA 
980 
mA 
Supply Current 
CSN .5- VIL 


IsBI 
Automatic CS 
Max. VCC; CSN ~ VIH 
240 
mA 
Power-Down Current 
[2] 
Min. Duty Cycle = 100% 


Automatic CS 
Max. VCC; CSN ~ 'tC 
- O.2V, 
ISB2 
Power-Down Current 
[2] 
VIN ~ 
'tC 
- O.2Vor 
120 
mA 


V1N.5- 0.2V 


Maximum Ratings 
(Above which the useful life may be impaired) 


Storage Temperature 
-45'C 
to + 125'C 


Ambient Temperature 
with 


Power Applied 
-10°C to +85°C 


Supply Voltage to Ground Potential. 
. . .• . . .. 
-o.5V to + TOV 


DC Voltage Applied to Outputs 
in High Z State. 
. . . . . . . . . . . . . . . . . . . . . . . . .. 
-0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . 
-o.5V to + 7.0V 


Output Current into Outputs (Low) . . . . . . . . . . . 
. .. 20 mA 


Range 
Ambient 
VCC 
Temperature 


Commercial 
O°C to +70°C 
5V ± 10% 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CINA 
Input Capacitance (Ax, WE) 
TA = 25°C, f = 1 MHz, 
60 
pF 


CINB 
Input Capacitance (CS) 
VCC= 
5.0V 
25 
pF 


COUT 
Output Capacitance 
15 
pF 


Notes: 
L VIl.(MIN)= -3.0V for pulse widthslesslhan 20ns. 
2. A pull-upresistorto\tee on theCSinputisrequired tokeep thedevice 
deselected during Vee power-up, otherwise ISB will exceed values 
given. 


R1 48111 
R1 48111 
5V:F1 
5V:=F1 


OUTPUT 
OUTPUT 
R2 
R2 
30 pF 25sn 
5pF 25sn 


INCLUDINGI 
INCLUDINGI 
JIG AND 
-= 
-= 
JIG AND 
-= 
-= 
SCOPE 
SCOPE 


, 
Equivalentto: 
THEVENINEQUIVALENT 
16711 
OUTPUT0 
_. 
0 1.73V 


Switchm~ 
haractenshcs 
Over 
the Operating 
Range 


1832PZ-2SC 
1832PZ-3S 
1832PZ-4S 
1832PZ-SS 
Parameters 
Description 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
25 
35 
45 
55 
ns 


tAA 
Address 
to Data 
Valid 
25 
35 
45 
55 
ns 


toHA 
Data 
Hold 
from 
Address 
Change 
3 
3 
3 
3 
ns 


tACS 
CS LOW 
to Data 
Valid 
25 
35 
45 
55 
ns 


tLZes 
CS LOW 
to Low 
Z 16] 
2 
3 
3 
3 
ns 


tHZes 
CS HIGH 
to High 
Z15.6J 
0 
15 
0 
25 
0 
30 
0 
30 
ns 


tpu 
CS LOW 
to Power-Up 
0 
0 
0 
0 
ns 


tpo 
CS HIGH 
to Power-Down 
25 
35 
45 
55 
ns 


WRITE 
CYCLE 
[7J 


twc 
Write 
Cycle 
Time 
25 
35 
45 
55 
ns 


tses 
CS LOW 
to Write 
End 
20 
30 
40 
45 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
20 
30 
35 
45 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
2 
2 
5 
5 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
2 
3 
5 
5 
ns 


tpWE 
WE 
Pulse 
Width 
20 
30 
35 
45 
ns 


tso 
Data 
Set-Up 
to Write 
End 
15 
20 
25 
35 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
3 
5 
5 
5 
ns 


tLZwE 
WE 
HIGH 
to Low 
ZI6J 
3 
3 
3 
3 
ns 


tHzwE 
WE 
LOW 
to High 
Z 15.6J 
0 
15 
0 
15 
0 
20 
0 
30 
ns 


Switching Waveforms 
11IJ 


Read 
Cycle 
No. 
118•9J=t 


tRC 


• 
~AA- 
tOHA 


_____ 
P_R_EVl_Ou_S_D_A_TAVAUO 
~~~~~~~~~~~~~~~~~~~~~~~~~D~A~T~A~VA~U~D~~~~~~~~~~~~~~~~~~~~= 


Notes: 


4. Test conditions 
assume signal transition 
times of 5 os or less, timing 


reference 
levels of 1.5Y, input levels of 0 to 3.0V and output Joading 
of the specified IOLlIoH and 30-pF load capacitance. 


5. tHZCS and tHZWE are specified 
with CL = 5 pF as in part (b) of 


ACTest 
Loads. 'Itansition 
is measured 
± 500 mV from steady state 
voltage. 


6. At any given temperature 
and voltage condition, 
tHZCSis Jess than 
tLZCS for any given device. These parameters 
are guaranteed 
and not 
100% tested. 


7. The internaJ write time of the memory is defined by the overlap of es 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate 
a write by going HIGH. The data input 


set-up and hoJd timing should be referenced 
to the rising edge of the 


signal that terminates 
the write. 
8. WE is HIGH 
for read cycle. 
9. Device is continuously 
selected, 
CS = V1L• 


10. Address valid prior to or coincident 
with CS transition 
low. 


11. CSt, CS2• CS3 and CS4 are represented 
by CS in the Switching Char- 
acteristics 
and Waveforms. 
12. IfCS goes HIGH simultaneously 
with WE HIGH, the output remains 


in a high-impedance 
state. 
*--- 
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Switching Waveforms (continued) 


Read Cycle No. 2[8,10) 


Vcc 
SUPPLY 
CURRENT 


tpD ==-l 
------------------------------~::: 


• 


tHZWEJ 


DATA UNDEFINED 
' 
HIGH 
IMPEDANCE 
-------------------------- 


~ 
~~ 
. 
,~ 
CYM1832 
~, 
~ 
==================================== 


CSN 
WE 
Input/Outputs 
Mode 


H 
X 
HighZ 
Deselect/Power-Down 


L 
H 
Data Out 
Read 


L 
L 
Data In 
Write 


Speed 
Ordering Code 
Package 
Operating 
'JYpe 
Range 


25 
CYM1832PZ-25C 
PZ02 
Commercial 


35 
CYM1832PZ-35C 
PZ02 
Commercial 


45 
CYM1832PZ-45C 
PZ02 
Commercial 


55 
CYM 1832PZ-55C 
PZ02 
Commercial 
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Features 


• 
High-density 4-megabit SRAM 
module 


• 
High-speed CMOS SRAMs 
- Access time of 30 ns 


• 
66-pin, l.l-inch-square 
PGA package 
• 
Hermetic SMD technology 
• 
TTL-compatible 
inputs and outputs 
• 
Commercial 
and military 
temperature 
ranges 


Functional Description 


The CYM1838 is a very high performance 
4-megabit static RAM module organized 
as 128K words by 32 bits. The module is 
constructed 
using four 
128K x 8 static 
RAMs mounted onto a ceramic substrate. 
Four chip selects (CS" CS2, CSJ, CS.) are 
used to independently 
enable the four by- 


tes. Reading or writing can be executed on 
individual 
bytes or any combination 
of 
multiple bytes through proper use of se- 
lects. 


Writing to each byte is accomplished when 
the 
appropri~ 
chip selects (CSN) and 
write enable (WEN) inputs are both LOW 


Data on the input/output 
pins (I/Ox) is 


written into the memory location specified 
on the address pins (Ao through AI6). 


Reading the device is accomplished by tak- 
ing chip selects LOW while write enable 
remains HIGH. 
Under these conditions, 


the contents of the memory location speci- 
fied on the address pins will appear on the 
data inpuVoutput pins. 


The data inpuVoutput 
pins remain 
in a 


high- impedance state when write enable 
is LO W or the appropriate chip selects are 
HIGH. 
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0:lE CYPRESS 
F 
SEMICONDUCTOR 


Features 


• 
High-density 8-megabit SRAM 
module 


• 
High-speed CMOS SRAMs 
- Access time of 25 ns 


• 
Independent 
byte and word controls 
• 
Low active power 
- 
6.2W (max.) 


• 
Hermetic SMO technology 
• 
TTL-compatible 
inputs and outputs 
• 
Low profile 
- 
Max. height of .290 in. (HO) 


• 
Small PCB footprint 
-1.8 sq. in. 


c~ 
WE, 


Functional Description 


The 
CYMI840 
is a high-performance 


8-megabit static RAM module organized 
as 256K words by 32 bits. This module is 
constructed from eight 256K x 4 SRAMs in 
LeC packages mounted on a ceramic sub- 
strat~th 
pi~Four 
chip selects (CSo, 
CSJ, CS2, and CS3) are used to independ- 
ently enable the four bytes. Two write en- 
ables (WEo and WE,) are used to inde- 
pendently 
write to either 
the upper 
or 
lower 16-bit word of RAM. Reading 
or 


writing can be executed on individual bytes 
or on any combination 
of multiple bytes 
through the proper use of selects and write 
enables. 


Writing to each byte is accot:!!£Jishedwhen 
the appropriate chip select (CSx) and write 


256K X 32 Static RAM 
Module 


enable (WE,.) inputs are both LOW Data 
on the input/output 
pins (I/Ox) is written 
into the memory location specified on the 
address pins (Ao through A17). 


Reading 
the device is J!...ccomplished by 


taking the chip selects (CSx) LOW, while 
write enables (WEx) remain HIGH. 
Un- 
der these conditions 
the contents 
of the 


memory location specified on the address 
pins will appear on the data input/output 
pins (I/Ox)· 
The Data 
input/output 
pins stay in the 


~impedance 
state when write enables 


(WEx) are LOW or the appropriate 
chip 


selects are HIGH. 


Pin Configuration 


DIP 


Vcc 
, 
60 
GND 


Ao 
2 
59 
110:3, 


1100 
3 
58 
1/0:J0 


liD, 
4 
57 
1/D,g 


1/02 
5 
58 
1/~8 


~ 


6 
55 
Au 


7 
54 
A16 


A, 
8 
53 
~3 


1104 
9 
52 
1/~7 


1105 
10 
5' 
1/~6 


1/06 
n 
50 
1/~5 
1/07 
12 
49 
1/~4 
A2 
13 
48 
A'5 
A3 
14 
47 
~ 
~ 
15 
46 
WE, 


A4 
18 
45 
A'3 
As 
17 
44 
A'2 


1/08 
'8 
43 
1/~3 


1/09 
'9 
42 
1I~2 


110,0 
20 
4' 
II~, 


1/0" 
2' 
40 
I/~ 


A6 
22 
39 
An 


A7 
23 
38 
AlO 
~ 
24 
37 
~2 


110'2 
25 
36 
1/0'9 


110'3 
26 
35 
1/0'8 
110,4 
27 
34 
1/017 


110'5 
28 
33 
1/°'6 
A8 
29 
32 
A9 


GND 
30 
31 
Vcc 


1840-2 


1840-25 
1840-30 
1840-35 
1840-45 
1840-55 


Maximum Access Time (ns) 
25 
30 
35 
45 
55 


Maximum 0serating 
Commercial 
1120 
1120 
1120 
1120 
1120 


Current (mA 
Military 
1120 
1120 
1120 


Maximum Standby 
Commercial 
320 
320 
320 
320 
320 


Current (mA) 
Military 
320 
320 
320 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Static Discharge Voltage........................ 
> 2OO1V 
Ambient Temperature 
with 
(per MIL-STD-883, Method 3015) 


Power Applied (HD) 
.............•.... 
- 55°C to + 125°C 
Latch-Up Current 
> 200 mA 
Ambient Temperature 
with 
UV Exposure. 
. . . . . . . . . . . . . . . . . . . . . . . . . . .. 
7258 Wseclcm2 


Power Applied (PD) 
_10°C 
to +85°C 


Supply Voltage to Ground Potential 
(Pin 28 to Pin 14) 
- 0.5V to + 7.0V 


~~~~t~~tafe~l~~~ 
.t~.?~~.u.~ 
_ 0.5V to + 7.0V 


DC Input Voltage. . . . . . . . . . . . . . . . . . . . . .. 
- 3.0V to + 7.0V 


DC Program Voltage 
14.0V 


Electrical 
Characteristics 
Over the Operating Range 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


MilitaryPI 
- 55°C to + 125°C 
5V ± 10% 


CYM1840 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., 10H = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., 10L = 8.0 mA 
0.4 
V 


V1H 
Input HIGH Voltage 
2.2 
Vee 
V 


VIL 
Input LOW Voltage 
- 0.5 
0.8 
V 


I", 
Input Load Current 
GNDs.. 
VIs.. Vee 
-20 
+20 
~A 


loz 
Output Leakage Current 
GND s.. Vo s.. Vee, 
- 50 
+50 
IJ.A 
Output Disabled 


Ice 
Vec Operating Supply 
Vec = Max., lOUT= 0 mA, 
1120 
mA 
Current by 16 Mode 
CSxs.. 
VIL 


ISBI 
Automatic CS 
Max. Vce, CSx L VIH, 
320 
mA 
Power-Down Currentl2] 
Min. Duty Cycle = 100% 


ISBI 
Automatic CS 
Max. Vce, CSx L Vcc - 0.3V, 
160 
mA 
Power-Down Currentl21 
VINL Vec - 0.3V or V1Ns.. 0.3V 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CINA 
Input Capacitance, Address Pins 
TA = 25°C, f = 1 MHz, 
100 
pF 
C1NB 
Input Capacitance, I/O Pins 
Vec = 5.0V 
30 
pF 
CoUT 
Output Capacitance 
30 
pF 


Notes: 
1. TAis the "instant on" case temperature. 
3. 
Thstedinitiallyand after anydesignor processchangesthat mayaffect 
2. 
A pull-upresistor to VCC on the CS input is required to keep the de- 
these parameters. 
vicedeselectedduringVcc power-up,otherwiseISBwillexceedvalues 
given. 


• 


5V 


OUTPUT 


5V 


OUTPUT 


30PFI 
INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(a) 


5 
PFI 
INCLUDING 
JIG AND 
_ 


SCOPE 
- 
(b) 


3.0V~ 


GND 
10:% 


..s.5ns 
~ 
~ 


10% 


•.• 
..s.5ns 


1840-25 
1840-30 
1840-35 
1840-45 
1840-55 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
25 
30 
35 
45 
55 
ns 


tAA 
Address 
to Data 
Valid 
25 
30 
35 
45 
55 
ns 


IoHA 
Output 
Hold 
from Address 
Change 
5 
5 
5 
5 
5 
ns 


tAcs 
CS LOW 
to Data 
Valid 
25 
30 
35 
45 
55 
ns 


tLZCS 
CS LOW 
to Low 
ZIS) 
5 
5 
5 
5 
5 
ns 


tHZCS 
CS HIGH 
to High 
ZIS.6) 
20 
20 
25 
25 
25 
ns 


tpu 
CS LOW 
to Power-Up 
0 
0 
0 
0 
0 
ns 


tpo 
CS HIGH 
to Power-Down 
25 
30 
35 
45 
55 
ns 


WRITE 
CYCLE!?I 


twc 
Write 
Cycle 
Time 
25 
30 
35 
45 
55 
ns 


tscs 
CS LOW 
to Write 
End 
20 
25 
30 
40 
50 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
20 
25 
30 
40 
50 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
2 
2 
6 
6 
6 
ns 


tSA 
Address 
Set-Up 
to Write 
Start 
2 
2 
6 
6 
6 
ns 


tPWE 
WE 
Pulse 
Width 
20 
25 
25 
30 
40 
ns 


tso 
Data 
Set-Up 
to Write 
End 
15 
15 
25 
30 
35 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
2 
2 
6 
6 
6 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z[SI 
0 
0 
0 
0 
0 
ns 


tHzWE 
WE 
LOW 
to High 
ZIS.6) 
0 
15 
0 
15 
0 
25 
0 
25 
0 
25 
ns 


Noles: 
3. 
Test conditions 
assume 
sign,,! 
transition 
time of 5 os or less, timing 
ref- 


erence levels of 1.5V, input levels of 0 to 3,OV,and output loading of 
the specified JoLlIoH and 30-pF load capacitance. 
4. 
At any given temperature 
and voltage condition, 
tHZCS is less than 
tLZCS for any given device. 


5. 
tHZCSand tHZWEare specified with CL = 5 pF as in part (b) of AC 
Test Loads. Transition 
is measured 
± 500 mV from steady state volt- 


age. 


6. 
The internal write time of the memory is defined by the overlap ofCS 
LOW and WE LOW. 
Both signals must be LOW to initiate a write 


and either signal can terminate a write by going II1GI L The data input 
set-up and hold timing should be referenced 
to the rising edge of the 


signal that terminates 
the write. 


Switching 
Waveforms[8J 


Read Cycle No. 1[8.9J 


loHA 


PREVIOUSDATAVALID 


Vcc 
SUPPLY 
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lues 


__ 
=150% 


~D~ 
ICC 
50% 


S6 


ltiZWE -l 


DATAOUT--------D-A-T-A-U-N-D-E-F-IN-E-D--------j 


• 


luwE--l 


HIGHIMPEDANCE <:=========== 


Notes: 
8. 
Device is continuously 
seJected, CS = VtL. 
9. 
WE is HIGH 
for read cycle. 


10. IfCS goes HIGH simultaneously 
with WE HIGH, the output remains 


in a high-impedance state. 


CSx 
WEx 
Inputs/Outputs 
Mode 


H 
X 
High Z 
Deselect/Power-Down 


L 
H 
Data Out 
Read 


L 
L 
Data In 
Write 


Speed 
Package 
Operating 
(ns) 
Ordering Code 
lYpe 
Range 


25 
CYM1840PD-25C 
PD06 
Commercial 


CYM1840HD-25C 
HDll 


30 
CYM 1840PD-3OC 
PD06 
Commercial 


CYM1840HD-3OC 
HDll 


35 
CYM1840PD-35C 
PD06 
Commercial 


CYM1840HD-35C 
HDll 


CYMl840HD-35MB 
HDll 
Military 


45 
CYM 1840PD-45C 
PD06 
Commercial 


CYM 1840HD-45C 
HDll 


CYMl840HD-45MB 
HDll 
Military 


55 
CYM1840PD-55C 
PD06 
Commercial 


CYMl840HD-55C 
HDll 


CYM1840HD-55MB 
HDll 
Military 


~~E1 
_ 
J 
HIGH IMPEDANCE 
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.:~ 
CYPRESS ~~~~~~~~~~~~~ 
iF 
SEMICONDUCTOR 
256K x 32 Static RAM Module 


Features 


• 
High-density 8-megabit SRAM 
module 


• 
High-speed CMOS SRAMs 
- Access time of 25 ns 


• 
Low active power 
- 5.3W (max.) 


• 
SMD technology 
• 
TTL-compatible 
inputs and outputs 


• 
Low profile 
- 
Max. height of .58 in. 


• 
Small PCB footprint 
-1.3 sq. in. 


• 
JEDEC-compatible 
pinout 
• 
Available in SIMM or ZIP format 


Functional Description 


The 
CYM1841 
is a high-performance 
8-megabit static RAM module organized 
as 256K words by 32 bits. This module is 
constructed from eight 256K x 4 SRAMs in 
SOl packages mounted on an epoxy lami- 
nate boar~t!!""pins. 
Four chip selects 
(CS" CS2, CS" CS4) are used to indepen- 
dently enable the four bytes. Reading or 
writing can be executed on individual bytes 
or 
any combination 
of multiple 
bytes 
through proper use of selects. 


Writing to each byte is acco~lished 
when 


the appr.Q2!jate chip select (CSN) and write 
enable (WE) inputs are both LOW. Data 
on the input/output 
pins (lIOx) is written 


into the memory location specified on the 
address pins (f\> through Al1). 


Reading the device is accomplished by tak- 
ing the ~ 
select (CSN) WW while write 


enable (WE) remains HIGH. Under these 
conditions, the contents of the memory lo- 
cation specified on the address pins will 
appear 
on 
the 
data 
input/output 
pins 


(lIOx). 
The 
data input/output 
pins stay at the 


high-impedance state when write enable is 
WW or the appropriate 
chip selects are 


HIGH. 


Two pins (pDo and PD,) are used to identi- 
fy module memory density in applications 
where alternate 
versions of the lEDEC- 


standard modules can be interchanged. 


Pin Configuration 


ZIP 
Top View 


Ftg~ 
, 
GND 
2 
3 
PD, 
4 
s 
1/08 
I/O, 
6 
7 
1/09 
1/02 
8 
9 
1/010 
1/03 
10 " 
I/O" 
Vcc 
12 '3 
Ao 
A7 
14 '5 
A, 
A8 
16 17 
A2 
A9 
18 '9 
1/0,2 
1/04 
20 2' 
1/0,3 
1/05 
22 23 • 


1/06 
24 
1/0,4 
25 
I/O,s 


I~ 
26 27 
GND 
28 29 


~2 
~~ 
30 3' 
32 


~3 
34 33 
~4 
A'6 
36 35 
=..11 


GND 
38 37 
DE 
1/0,6 
40 39 
1/024 
1/017 
42 4' 
1/025 


1/0,8 
44 43 
1/026 


1/0,9 
46 45 
1/027 


A,0 
48 47 
A3 


A" 
50 49 
A4 


A'2 
52 5' 
As 


A'3 
54 53 
Vcc 
1/020 
56 55 
A6 
57 
1/021 
56 59 
1/028 


1/022 
60 8' 
1/029 


1/023 
62 
1/030 


GND 
64 63 
1/03, 


1841-2 


1841-25 
1841-30 
1841-35 
1841-45 
1841-55 


Maximum Access Time (ns) 
25 
30 
35 
45 
55 


Maximum Operating 
Current (mA) 
960 
960 
960 
960 
960 


Maximum Standby Current (mA) 
480 
480 
480 
480 
480 


Maximum 
Ratings 


(Above which the useful life may be impaired. For user guidelines, 
not tested.) 


Storage Temperature 
- 55°C to + 125°C 


Ambient Temperature 
with 


Power Applied 
_10°C 
to +85°C 


Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 
DC Input Voltage. . . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


Range 


Commercial 


Ambient 
Temperature 


OOCto + 70°C 


Vee 


5V ± 10% 


CYM1841 


Parameter 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
Vee 
V 


V'L 
Input LOW Voltage 
- 0.5 
0.8 
V 


IIX 
Input Load Current 
GND£. 
V,£. 
Vee 
- 16 
+ 16 
IJ.A 


Ioz 
Output Leakage Current 
GND £. Vo £. Vee, Output Disabled 
-10 
+ 10 
IJ.A 


Ice 
Vee Operating Supply 
Vee = Max., lOUT= 0 mA, 
960 
mA 


Current 
CSN£. V'L 


ISBl 
Automatic CS 
Max. Vee, CSN2. VIH, 
480 
mA 


Power-Down CurrentllJ 
Min. Duty Cycle = 100% 


1582 
Automatic CS 
Max. Vee, CSN2. Vee - 0.2Y, 
16 
mA 


Power-Down Currentl2l 
V'N 2. Vee - 0.2V, or V1N£. O.2V 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
70 
pF 
COUT 
Output Capacitance 
Vee = 5.0V 
20 
pF 


Notes: 
1. 
Apull-upresistortoVeeon theCS input isrequired tokeep thedevice 
2. 
Testedon a samplebasis. 


deselected during Vee power-up, otherwise 158 will exceed values 
given. 


R1481 


OUTP~31 


30pF I 
R2 
255!1 
INCLUDING 
JIG AND -= 
-= 
SCOPE (a) 


R1481 


5V~ 
OUTPUT 


5 pF 
R2 
255!1 


INCWDINGI 
JJGAND -= 
-= 


SCOPE (b) 


THEVENIN 
EQUIVALENT 
167n 


1841-25 
1841-30 
1841-35 
1841-45 
1841-55 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


READ CYCLE 


tRe 
Read Cycle Time 
25 
30 
35 
45 
55 
ns 


tM 
Address to Data Valid 
25 
30 
35 
45 
55 
ns 


toHA 
Output Hold from Address Change 
5 
5 
5 
5 
5 
ns 


tACS 
CS LOW to Data Valid 
25 
30 
35 
45 
55 
ns 


tOOE 
OE LOW to Data Valid 
15 
20 
25 
30 
35 
ns 


tLZOE 
OE LOW to Low Z 
0 
0 
0 
0 
0 
ns 


tHZOE 
OE HIGH to High Z 
15 
15 
15 
15 
15 
ns 


tues 
CS LOW to Low Zl41 
10 
10 
10 
10 
10 
ns 


tHzcs 
CS HIGH to High ZI4,51 
20 
20 
20 
20 
20 
ns 


tpu 
CS LOW to Power-Up 
0 
0 
0 
0 
0 
ns 


tpo 
CS HIGH to Power Down 
25 
30 
35 
45 
55 
ns 


WRITE CYCLEI61 


twe 
Write Cycle Time 
25 
30 
35 
45 
55 
ns 


tscs 
CS LOW to Write End 
20 
25 
30 
40 
50 
ns 


tAW 
Address Set-Up to Write End 
20 
25 
30 
40 
50 
ns 


tHA 
Address Hold from Write End 
0 
0 
2 
2 
2 
ns 


tSA 
Address Set-Up to Write Start 
2 
2 
2 
2 
2 
ns 


tpWE 
WE Pulse Width 
20 
25 
30 
35 
45 
ns 


tso 
Data Set-Up to Write End 
15 
15 
20 
25 
35 
ns 


tHO 
Data Hold from Write End 
2 
2 
2 
2 
2 
ns 


tLZWE 
WE HIGH to Low Z14) 
0 
0 
0 
0 
0 
ns 


tHZWE 
WE LOW to High Z14,5J 
0 
15 
0 
15 
0 
15 
0 
15 
0 
15 
ns • 


1841 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 
VoR 
Vee for Retention 
Data 
.Yl;.e= 2.0V, 
2.0 
V 
IeeoR 
Data Retention 
Current 
CE 2. Vee - 0.2V, 
800 
1J.A 


!coR171 
Chip Deselect to Data Retention 
Time 
V1N 2. Vee - 0.2V, 
or V1N..$.. O.2V 
0 
ns 


tRI71 
Operation 
Recovery Time 
5 
ns 


Notes: 
3. 
Test conditions assume signal transition time of 5 nsor less, timing ref- 
erence levelsof l.SV,input levelsof 0 to 3.0\', and output loadingof 
the specified IOL/IOHand 30-pF load capacitance. 
4. 
At any given temperature and voltage condition, tHZCSis less than 
ILZCSfor any given device. These parameters 
are guaranteed 
and not 


100% tested. 
S. 
tHZCSand tHZWEare specifiedwith CL = 5 pF as in part (b) of AC 
Test Loads. ltansition 
is measured 
±500 mV from steady state volt- 


age. 


6. 
The internalwritetime of the memoryisdefinedby the overlapofCS 
LOWand WE LOW.Both signalsmustbe LOWto initiateawriteand 
either signalcan terminate awritebygoingHIGH. The data inputset- 
up and holdtimingshouldbe referencedto the risingedgeof thesignal 
that terminates the write. 


7. 
Guaranteed, 
not tested. 


Switching WaveformslS) 


Read Cycle No. 119,10) 
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1641-7 
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Switching 
Waveforms 
(continued) 


Write Cycle No.2 (CS Controlled)!6, 
121 


tHZWEJ 
HIGH IMPEDANCE 
---------------------- 


Notes: 
8. 
CSb CS2, CS3, and CS. are represented 
by CS in the Switching Char- 


acteristics and Switching Waveforms sections. 
9. 
WE is HIGH 
for read cycle. 


10. Device is continuously 
selected. 
CS = VtL and OE = VtL. 


CSN 
WE 
OE 
Input/Outputs 
Mode 


H 
X 
X 
HighZ 
Deselect/Power-Down 


L 
H 
L 
Data Out 
Read 


L 
L 
X 
Data In 
Write 


L 
H 
H 
HighZ 
Deselect 


11. Address valid prior to or coincident 
with CS transition 
LOW. 


12. IfCS $oes HIGH simultaneously 
with WE HIGH, the output remains 
in a hIgh-impedance 
state. 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
Type 
Range 


25 
CYM1841PM-25C 
PM02 
Commercial 


CYMl84IPZ-25C 
PZ03 


30 
CYM1841PM-3OC 
PM02 
Commercial 


CYMl841LPM-3OC 
PM02 


CYM1841PZ-3OC 
PZ03 


CYM1841LPZ-3OC 
PZ03 


35 
CYM1841PM-35C 
PM02 
Commercial 


CYM1841LPM-35C 
PM02 


CYMl841PZ-35C 
PZ03 


CYMl841LPZ-35C 
PZ03 


45 
CYM1841PM-45C 
PM02 
Commercial 


CYM1841LPM-45C 
PM02 


CYM1841PZ-45C 
PZ03 


CYM1841LPZ-45C 
PZ03 


55 
CYM1841PM-55C 
PM02 
Commercial 


CYM1841LPM-55C 
PM02 


CYM 1841PZ-55C 
PZ03 


CYMl841LPZ-55C 
PZ03 


• 
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• 
High-density 
I-megabit SRAM module 


• 
High-speed CMOS SRAMs 
- 
Access time of 2S ns 


• 
Low active power 
- 
IO.4W (max.l 


• 
SMD technology 


• 
Registered address inputs 


• 
Four completely independent 
memory 
banks 


• 
Small PCB footprint 
- 
1.9 sq. in. 


Functional 
Description 


The CYM1910 is a very high perform- 
ance I-megabit static RAM module 
organized as 16K words by 68 bits. This 
module is constructed using seventeen 
16K x 4 static RAMs in SO] packages 
mounted onto an epoxy laminate board 
with pins. The memory is organized as 
three banks of 16K x 16 and one of 16K x 
20, each of which has its own chip select, 
write enable, and output enable signals. 
Writing to the module is accomplished 
when the appropriate chip select (CSx) 
and write enable (WE.) inputs are both 
LOW: Data on the appropriate 
input/out- 


put pins (I/Onn) of the device is written 


into the memory location specified by the 
content of the address rcgister. The ad- 
dress register is loaded on the rising edge 
of the clock signal (CLK). 
Reading the device is accomplishcd by 
taking chip select (CSx) and output enable 
(OE.) low while WE. remains inactive or 
HIGH. 
Under these conditions, the con- 


tents of the memory location specified by 
the contents of the address register will 
appear on the appropriate 
data input/out- 


pu t pins (I/Onn). 
The data input/output 
pins remain in a 


J:!lLh-impedance state when chip select 
(CSx) or output enable (OEx) is HIGH, or 
when write enable (WEx) is LOW: 


Pin Configuration 


Plastic VDIP 
Top View 


GND 
104 
Voc 


VOo 
103 
V03~ 


I/O, 
102 
vo,. 


VD, 
101 
110" 
vo, 
100 
1/031 


VO. 
99 
1/0" 


VO, 
98 
VD", 
lto. 
97 
1/029 


110, 
96 
VO" 
lto. 
95 
V021 


J!Qo 
94 
!lQ;. 


§ 
94 
WE.. 


DE.. 
92 
GND 


GND 
91 
Q§, 
cs, 
90 
We. 


vo" 
89 
VO" 


110,1 
88 
VO" 


VO" 
87 
11023 


VO" 
88 
1I0u 


VO •• 
85 
VO" 


VO" 
84 
VO,. 


VO" 
83 
VO" 


110,7 
82 
VO'8 


GND 
81 
Ao 


A, 
80 
A, 


Ao 
79 
•.. 


A, 
78 
•• 
A, 
77 
Aa 
•• 
78 
A" 


A" 
75 
A" 


A" 
74 
eLK 
1/038 
73 
1/067 


1/037 
72 
VOo6 


1/038 
71 
1/0M 


I/OJg 
70 
1/0fA 


1/040 
89 
1/063 


1/0,1 
88 
[/062 


1/042 
87 
11061 


11043 
66 
!lQ,o 


f§c 
85 
WEe 


DEe 
84 
GND 


1/00.67 
GND 
83 
2§ 
cs" 
62 
WE" 


1/0.$4 
61 
11059 


1/045 
60 
VO" 


11046 
59 
1/°57 


1910-1 
11041 
58 
I/O~ 


11048 
57 
tl°55 


110'9 
56 
1I0~ 


VO'" 
55 
VO" 


11051 
54 
11052 


Vee 
53 
GND 


1910-2 


8-164 
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191OPV-25 
1910PV-35 
191OPV-45 


Maximum Access Time (ns) 
25 
35 
45 


Maximum Operating Current (mA) 
1900 
1900 
1900 


Maximum Standby Current (mA) 
650 
650 
650 


Maximum 
Ratings 


(Above which the useful life may be impaired) 


Storage Temperature 
-45°C to + 125°C 


Ambient Temperature 
with 


Power Applied 
-10°C to +85°C 


Supply Voltage to Ground Potential. 
. . . . . . .. 
-o.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State.. 
. .. . .. . .. .. .. .. . .. . .• .. .. 
-o.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . . . .. 
-0.5V to + 7.0V 


Range 
Ambient 
Vce 
Temperature 


Commercial 
O°C to +70°C 
5V ± 10% 


CYM1910PV 
Parameters 
Description 
Test Conditions 
Units 


Min. 
Max. 


VOH 
Output HIGH Voltage 
Vee = Min., 10H = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., 10L = 8.0 mA 
0.4 
V 


VJH 
Input HIGH Voltage 
2.2 
Vee 
V 


V'L 
Input LOW Voltage(11 
-0.5 
0.8 
V 


IIXA 
~ut 
Load Current OE, 
GND~ 
V,~ 
Vee 
-15 
+ 15 
~ 
WE,CS 


IlXB 
Input Load Current 
GND~ 
VI~ 
Vee 
-1.2 
+.040 
mA 
Ao - Al3, CLK 


loz 
Output Leakage Current 
GND ~ Vo ~ Vee, Output Disabled 
-15 
+ 15 
iJ.A 


Ice 
Vec Operating Supply 
Vce = Max., lOUT= 0 mA, CS ~ V1L 
1900 
mA 
Current 


Automatic CS 
Vcc = Max., CS 2. VJH• 


- 


ISB1 
Power-Down Currentl21 
Min. Duty Cycle = 100% 
650 
mA • 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1NA 
Input Capacitance (A" - Al3• CLK) 
TA = 25°C, f = 1 MHz, 
20 
pF 


C1NB 
Input Capacitance (OE, WE. CS) 
Vcc = 5.0V 
35 
pF 


COUT 
Output Capacitance 
15 
pF 


Notes: 
1. 
Vn.(MIN)= -3.0V for pulse widths lessthan 20 ns. 
2. 
A pull-up resistor to Vcc on the CS input is required to keep the 
devicedeselected during Vcc power-up, otherwise ISBwillexceed 
values given. 


3. Jested on a sample basis. 


AC Test Loads and Waveforms 
5V~481n 


OUTPUT 


JOp 


2SSn 
INCLUDING 
JIG AND 
-= 
-= 
SCOPE 


5V5n481n 
OUTPUT 


5 pF 
2SSn 


INCLUDING I 
JIG AND 
=- 
=- 
SCOPE 


1910PV-25 
191OPV-35 
1910PV-45 
Parameters 
Description 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
25 
35 
45 
ns 


CLK 
Cycle 
Time 


tCA 
CLK 
to Data 
Valid Access 
Time 
25 
35 
45 
ns 


tSAC 
Address 
Set-Up 
to CLK 
Rising 
Edge 
3 
4 
4 
ns 


tHAC 
Address 
Hold 
from 
CLK 
Rising 
Edge 
2 
2 
2 
ns 


tOHC 
Data 
Hold 
from 
CLK 
Rising 
Edge 
5 
5 
5 
ns 


lACS 
CS LOW 
to Data 
Valid 
20 
30 
40 
ns 


tDOE 
OE 
LOW 
to Data 
Valid 
15 
20 
25 
ns 


tLWE 
OE 
LOW 
to Low 
Z 
3 
3 
3 
ns 


tHZOE 
OE 
HIGH 
to High 
Z15] 
0 
10 
0 
15 
0 
20 
ns 


tLZCS 
CS LOW 
to Low 
ZI6J 
3 
3 
3 
ns 


tHZCS 
CS HIGH 
to High 
Z(5.6) 
10 
15 
20 
ns 


WRITE 
CYCLE 


twc 
Write 
Cycle 
Time 
25 
35 
45 
ns 


tSAC 
Address 
Set-Up 
to CLK 
Rising 
Edge 
3 
4 
4 
ns 


tHAC 
Address 
Hold 
from 
CLK 
Rising 
Edge 
2 
2 
2 
ns 


tscs 
CS LOW 
to Write 
End 
20 
25 
35 
ns 


tew 
CLK 
Rising 
Edge 
Set-Up 
to Write 
End 
25 
30 
40 
ns 


tHC 
CLK 
Rising 
Edge 
Hold 
from 
Write 
End 
0 
0 
0 
ns 


tsc 
CLK 
Rising 
Edge 
Set-Up 
to Write 
Start 
10 
10 
10 
ns 


tpwE 
WE 
Pulse 
Width 
15 
20 
25 
ns 


tso 
Data 
Set-Up 
to Write 
End 
15 
20 
25 
ns 


tHO 
Data 
Hold 
from 
Write 
End 
2 
2 
2 
ns 


tLzwE 
WE 
HIGH 
to Low 
Z 
3 
3 
3 
ns 


tHzwE 
WE 
LOW 
to High 
Z 
10 
15 
20 
ns 


Notes: 


4. 
Test Conditions assume signal transition times of 5 os or less, timing 
reference 
levels of 1.5V; input levels of 0 to 3.0Y and output loading 


of the specified IodloH 
and 30-pF load capacitance. 


5. 
tHZCS and tHWE are specified 
with CL = 5 pF as in part (b) of 


AC Test Loads. Transition 
is measured 
± 500 mY from steady stale 


voltage. 


6. 
At any given temperature 
and voltage condition, 
tllZCS 
is less than 


tLZCS 
for any given 
device. 
These 
parameters 
are guaranteed 
and not 


100% tested. 


7. 
The internal write time of the memory is defined by the overlap ofCS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate 
a write by going HIGH. 
The dala input 
set-up and hold timing should be referenced 
to the rising edge of the 


signal 
that 
terminates 
the write. 
8. 
WE is HIGH 
for read cycle. 


9. 
Device is continuously 
selected, 
CS = Y1L. 


10. Address valid prior to or coincident 
with CS transition 
low. 


11. IfCSgoes 
HIGH simultaneously 
with WE HIGH. the output remains 


in a high-impedance state. 


Switching Waveforms 


Read Cycle No. 1[8,9) 


PRELIMINARY 


-::::::~~:::- 
219~1~O-::5 


Read Cycle No. 2[8,[0) 
• 


Switching Waveforms (continued) 


Write Cycle No.1 (WE Controlled)!?] 


PRELIMINARY 


tscs 


lcw 


tpWE 


tSD 


DATA-IN 
VALID 


~~E 
~ 


HIGH 
IMPEDANCE =k 


1910-7 


twe 


~~E ? 


~ 
HIGH 
IMPEDANCE 


CS 
WE 
OE 
Inputs/Outputs 
Mode 


H 
X 
X 
HighZ 
DeselectIPower-Down 


L 
H 
L 
Data Out 
Read Word 
L 
L 
X 
Data In 
Write Word 
L 
H 
H 
HighZ 
Deselect 


Speed 
Ordering Code 
Package 
Operating 


'JYpe 
Range 


25 
CYMl910PY-25C 
PY02 
Commercial 


35 
CYMl910PY-35C 
PY02 
Commercial 


45 
CYM1910PY -45C 
PY02 
Commercial 


CYM1910 
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Features 


• 
High-density 
I-megabit 
SRAM module 


• 
High-speed CMOS SRAMs 
- 
Access time of 25 ns 


• 
Low active power 
- 
10.4W (max.) 


• 
SMD technology 


• 
Latched address inputs 


• 
Four completely independent 
memory 
banks 


• 
Small PCB footprint 
- 
1.9 sq. in. 


Functional 
Description 


The CYMI911 is a very high 
performance 
I-megabit static RAM 


module organized as 16K words by 
68 bits. This module is constructed using 
seventeen 
16K x 4 static RAMs in SO] 
packages mounted onto an epoxy lami· 
nate board with pins. The memory is 
organized as three banks of 16K x 16 and 
one of 16K x 20, each of which has its 
own chip select, write enable, and output 
enable signals. 
Writing to the module is accomplished 
when the appropriate chip select (CSx) 
and write enable (WEx) inputs are both 
LOW. If Latch Enable (ALE) is HIGH, 
data on the appropriate 
input/output 
pins 
(I/Onn) of the device is written into the 
memory location specified on the address 
pins (Ao through A13).If ALE is LOW, 
data is written into the address specified 


by the contents of the address latch. The 
value in this latch is updated on the fail- 
ing edge of ALE. 
Reading the device is accomplished by 
takin~ip 
select (CSx) and output en- 
able (OEx) LOW while WEx remains in- 
active or HIGH. If Latch Enable (ALE) 
is HIGH, the contents of the memory 
location specified on the address pins 
(Ao through AI3) will appear on the ap- 
propriate data input/output 
pins (lIOnn). 


If ALE is LOW; the contents of the 
memory location specified by the value in 
the address latch will appear on lIOnn· 
The data input/output 
pins remain in a 


h..!£.h-impedancestate when chip select 
(CSx) or output cnable.lQEx) 
is HIGH, 


or when write enable (WEx) is Law. 


Pin Configuration 


Plastic VDlP 


~~ 
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1911PV-25 
1911PV-35 
1911PV-45 


Maximum Access Time (ns) 
25 
35 
45 


Maximum Operating Current (mA) 
1900 
1900 
1900 


Maximum Standby Current (mA) 
~ 
650 
650 
650 


Maximum 
Ratings 
(Above which the useful life may be impaired) 


Storage Temperature 
-45°C to + 125°C 


Ambient Temperature 
with 
Power Applied 
_1O°C to +85°C 


Supply Voltage to Ground Potential. 
. . . . . . .. 
-0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State. 
. . . . . . . . . . . . . . . . . . . . . . . . .. 
-Q.5V to + 7.0V 


DC Input Voltage 
-0.5V to + 7.0V 


Output Current into Outputs (Low) 
20 mA 


Range 
Ambient 
Vee 
Temperature 


Commercial 
O°C to +70°C 
5V ± 10% 


CYM1911PV 
Parameters 
Description 
Test Conditions 
Units 


Min. 
Max. 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = -4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
V 


VIII 
Input HIGH Voltage 
I 
2.2 
Vee 
V 


VIL 
Input LOW Voltagel11 
-0.5 
0.8 
V 


I"'A 


!!!2..utLoad Current OE, 
GND.$. VI.$. Vee 
-15 
+ 15 
~A 
WE,CS 


IIXB 
Input Load Current 
GND.$. V,.$. Vee 
-1.2 
+.040 
mA 
Ao - A13, ALE 


Ioz 
Output Leakage Current 
GND < Vo.$. Vee, Output Disabled 
-15 
+ 15 
~A 


Ice 
Vee Operating 
Supply 
Vee = Max., lOUT= 0 mA, CS.$. V'L 
1900 
mA 
Current 


ISBI 
Automatic CS 
Vee = Max., CS 2. VIII, 
650 
mA 
Power-Down Currenti21 
Min. Duty Cycle = 100% 
• 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CINA 
Input Capacitance (Ao - A13, ALE) 
TA = 25°C, f = 1 MHz, 
20 
pF 


C'NB 
Input Capacitance (OE, WE, CS) 
Vec = 5.0V 
35 
pF 


COUT 
Output Capacitance 
15 
pF 


Notes: 
1. VIl.(MIN)= -3.0V for pulse widlhslessthan 20 ns. 
2. A pull-up resislor 10 Vce on Ihe CS input is required to keep the 


device deselected 
during Vcc power-up, 
otherwise 
ISB will exceed 


values given. 


3. Testedon a sample basis. 
AC Test Loads and Waveforms 


481 D. 
5V§l 
OUTPUT 


30 pF 
255D. 


INCLUDING I 
JIG AND 
-= 
-= 
SCOPE 


481 D. 


5V~ 
OUTPUT 


5 pF 
255D. 


INCLUDING I 
JIG AND 
-= 
-= 


SCOPE 


PRELIMINARY 
CYM1911 


1911PV-25 
1911PV-35 
1911PV-45 
Parameters 
Description 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


READ 
CYCLE 


tRC 
Read 
Cycle 
Time 
25 
35 
45 
ns 
ALE 
Cycle 
Time 


tAA 
Address 
to Data 
Valid 
25 
35 
45 
ns 


tOHA 
Data 
Hold 
from 
Address 
Change 
3 
3 
3 
ns 


tLA 
ALE 
to Data 
Valid 
Access 
Time 
25 
35 
45 
ns 


tSAL 
Address 
Set-Up 
to ALE 
Falling 
Edge 
3 
4 
4 
ns 


tHAL 
Address 
Hold 
from 
ALE 
Falling 
2 
2 
2 
ns 


Edge 


toHL 
Data 
Hold 
from 
ALE 
Falling 
Edge 
3 
3 
3 
ns 


tAcs 
CS LOW 
to Data 
Valid 
20 
30 
40 
ns 


tOOE 
OE 
LOW 
to Data 
Valid 
15 
20 
25 
ns 


tLWE 
OE 
LOW 
to Low 
Z 
3 
3 
3 
ns 


tHWE 
OE 
HIGH 
to High 
ZIS) 
0 
10 
0 
15 
0 
20 
ns 


tLZCS 
CS LOW 
to Low 
Z[6l 
3 
3 
3 
ns 


tHZCS 
CS HIGH 
to High 
ZIS,6j 
10 
15 
20 
ns 


WRITE 
CYCLE 


twc 
Write 
Cycle Time 
25 
35 
45 
ns 


tSAL 
Address 
Set-Up 
to ALE 
Falling 
Edge 
3 
4 
4 
ns 


tHAL 
Address 
Hold 
from 
ALE 
Falling 
2 
2 
2 
ns 
Edge 


tscs 
CS LOW 
to Write 
End 
20 
25 
35 
ns 


tLw 
ALE 
Falling 
Edge 
Set-Up 
to Write 
25 
30 
40 
ns 
End 


tHL 
ALE 
Falling 
Edge 
Hold 
From 
Write 
0 
0 
0 
ns 
End 


tSL 
ALE 
Falling 
Edge 
Set-Up 
to Write 
10 
10 
10 
ns 


Start 


tpwE 
WE 
Pulse 
Width 
15 
20 
25 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
15 
20 
25 
ns 


tHD 
Data 
Hold 
from 
Write 
End 
2 
2 
2 
ns 


tLZWE 
WE 
HIGH 
to Low 
Z 
3 
3 
3 
ns 


tHzwE 
WE 
LOW 
to High 
Z 
10 
10 
20 
ns 


Notes: 


4. 
Test Conditions assume signal transition times of 5 os or less, timing 
reference 
levels of 1.5V, input levels of 0 to 3,OV and output loading 
of the specified IoLlIoH and 30-pF load capacitance. 
5. 
tHzcsand 
tHWEare 
specified with CL = 5 pFas in part (b) of ACTest 


Loads. 'Itansition 
is measured 
± 500 mV from steady state voltage. 


6. 
At any given temperature 
and voltage condition, 
tHZCSis less than 


tLZCS for any given device. These parameters are guaranteed and not 
100% tested. 


7. 
The internal write time of the memory is defined by the overlap of CS 
LOW and WE LOW Both signals must be LOW to initiate a write and 


either signal can terminate 
a write by going IIIGH. 
The data input 
set-up and hold timing should be referenced 
to the rising edge of the 


signal that terminates 
the write. 
8. 
WE is HIGH 
for read cycle. 


9. 
Device is continuously 
selected, 
CS = V1L 


10. Address valid prior to or coincident 
with CS transition 
low, 


11. lfCS goes HIGH simultaneously 
with WEHIGII. 
the output remains 


in a high-impedance state. 
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Switching Waveforms 


Read Cycle No. la (Buffered Address Mode)!·,9) 


=is 
~ 
*- 
=~::.dXXXXJ.... 
~~~~~~~~~~~~~~~~~~~~~-D_A~T-A_-V_A~L-'_D~~~~~~~~~~~~~~~~~~~~~ 


-----------P-REVl-O-U-S-DA-T-A-VA-U-~-H-L--~-------kxxJ 
....-_-_-_-_-_-_D-A~T_A-_V-AL~_'-D~~~~_ 
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Switching Waveforms (continued) 


Write Cycle No. 1a (WE Controlled, 
Buffered Address Mode)l'l 


PRELIMINARY 
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Switching Waveforms (continued) 


Write Cycle No. 2a (CS Controlled, 
Buffered Address Mode)!" 
llJ 


PRELIMINARY 
CYM1911 


~ZWE ? 
----------DA-T-A-UN-D-E-FI-N-ED------------~ 
HIGH 
IMPEDANCE 


~ZWE J 
---------D-A-TA-U-N-D-E-FI-NE-D---------....;;....;;.-~ 
HIGH 
IMPEDANCE 
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CS 
WE 
OE 
Inputs/Outputs 
Mode 


H 
X 
X 
High Z 
Deselect/Power-Down 
L 
H 
L 
Data Out 
Read Word 
L 
L 
X 
Data In 
Write Word 


L 
H 
H 
HighZ 
Deselect 


Speed 
Ordering Code 
Package 
Operating 
lYpe 
Range 


25 
CYM1911PV -25C 
PV02 
Commercial 


35 
CYM1911PV -35C 
PV02 
Commercial 


45 
CYM 1911PV-45C 
PV02 
Commercial 


~ 
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CYM4210 
CYM4220 


Cascadeable 
8K x 9 FIFO 


Cascadeable 
16K x 9 FIFO 


Features 


• 
8K x 9 FIFO buffer memory (4210) 
or 16K x 9 FIFO buffer memory 
(4220) 
• 
Asynchronous 
read/write 
• 
High-speed 25-MHz read/write 


• 
Pin-compatible 
with 7C42X series of 


monolithic 
FIFOs 


• 
Low operating 
power 
- 
Ice (max.) = 540 mA (commercial) 


• 
600-mil DIP package 
• 
Empty, full flags 
• 
Small PCB footprint 
- 0.88 sq. in. 


• 
Expandable 
in depth and width 


Functional 
Description 


The CYM4210 is a first-in first-out (FIFO) 
memory module that is 8,192 words by 9 
bits wide. The CYM4220 is 16,384words by 
9 bits wide. Each is offered in a 600-mil- 
wide DIP package. Each FIFO memory is 
organized such that the data is read in the 
same sequential order that it was written. 
Full and empty flags are provided to pre- 
vent overrun and underrun. 
Three addi- 
tional pins are also provided to facilitate 
unlimited 
expansion 
in width, depth, or 
both. 
The 
depth 
expansion 
technique 


steers the control signals from one device- 
to another in parallel, thus eliminating the 


serial addition 
of propagation 
delays so 


that throughput 
is not reduced. 
Data is 


steered in a similar manner. 


The 
read and write operations 
may be 


asynchronous; each can occur at a rate of 
25 MHz. The write operation occurs when 
the write ® signal is LOW Read occurs 
when read (R) goes LOW The 9 data out- 
~ts 
go to the high-impedance 
state when 


R is HIGH. 
I.!l...!.hedepth expansion configuration 
the 


(XO) pin provides the expansion out infor- 
mation that is used to tell the next FIFO 
that it will be activated. 


W 
Ds 
D3 
D2 
D, 
Do 
Xi 
FF 
00 
a, 
O2 
03 
AS 


GND 
• 


CYM4210 
CYM4220 


, 
, 
4210-30 
4210-40 
4210-50 
4210-65 


~ 
. 
4220-30 
4220-40 
4220-50 
4220-65 


Frequency (MHz) 
25 
20 
15.4 
12.5 


Access Time (ns) 
30 
40 
50 
65 


Maximum Of 
rating 
I Commercial 
540 
540 
540 
540 
Current (mA 
I Military 
640 
640 
640 


Maximum Ratings 
(Above which the useful life may be impaired. For user guidelines, 
not tested.) 
Storage Temperature 
- 65°C to + 150°C 


Ambient Temperature 
with 
Power Applied 
-55°C 
to + 125°C 
Supply Voltage to Ground Potential 
(Pin 28 to Pin 14) 
- 0.5V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 


Electrical Characteristics 
Over the Operating Range 


DC Input Voltage 
. 
Operating Range 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Industrial 
-4O°Cto 
+ 85°C 
5V ± 10% 


Military1l] 
- 55°C to + 125°C 
5V ± 10% 


--c- 


4210 
4220 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vcc = Min., IOH = - 2.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vcc = Min., IOL = 8.0 mA 
0.4 
V 
VIHI2] 
Input HIGH Voltage 
Com'l 
2.0 
Vcc 
V 
r Mil/lnd 
2.2 
Vce 
V 


V1L 
Input LOW Level 
-0.5 
0.8 
V 


IIX 
Input Current 
GND<V,<Vee 
-10 
+10 
IJ.A 


Ioz 
Output Leakage Current 
R > VIH, GND < 
Vo< 
Vee 
-10 
+10 
IJ.A 


Ice 
Operating 
Current 
Vee = Max., lOUT= 0 mA, 
Com'l 
540 
mA 


fMAX, Outputs Open 


Mil/lnd 
640 
mA 


ISB1 
Standby Current 
All Inputs = VIHMin., Vee = Max. 
Com'l 
100 
mA 


fMAX, lOUT= 0 mA 


Mil/lnd 
120 
mA 


ISB2 
Power-Down Current 
All Inputs, Vee - 0.2.$. V1N.$.0.2, 
Com'l 
80 
mA 


Vee = Max., lOUT= 0, f = 0 
Mil/lnd 
100 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C,f 
= 1 MHz 
30 
pF 


COUT 
Output Capacitance 
Vce = 4.5V 
30 
pF 


5V 


OUTPUT 


5V 


OUTPUT 


30 pF 


INCLUDING I 
JIG AND 
SCOPE -= 


5 
PFI 
INCLUDING 


JIG AND 
_ 


SCOPE 
- 
(b) 
(a) 


THEVENIN EQUIVALENT 


2OO!l. 


CYM4210 
CYM4220 


Spec.-30 
Spec.-40 
Spec.-50 
Spec.-65 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read Cycle Time 
I 
40 
50 
65 
80 
ns 


tA 
Access Time 
i 
30 
40 
50 
65 
ns 


tRR 
Read Recovery Time 
10 
10 
15 
15 
ns 


tpR 
Read Pulse Width 
30 
40 
50 
65 
ns 


tLZR 
Read WW 
to Low Z 
3 
3 
3 
3 
ns 


toVR 
Read HIGH to Data Valid 
3 
3 
3 
3 
ns 


tHZR 
Read HIGH to High Z 
20 
25 
30 
30 
ns 


twc 
Write Cycle Time 
40 
50 
65 
80 
ns 


tpw 
Write Pulse Width 
30 
40 
50 
65 
ns 


tHWZ 
Write HIGH to Low Z 
10 
10 
15 
15 
ns 


tWR 
Write Recovery Time 
10 
10 
15 
15 
ns 


tso 
Data Set-Up Time 
18 
20 
30 
30 
ns 


tHO 
Data Hold Time 
0 
0 
5 
10 
ns 


tMRSC 
MR Cycle Time 
40 
50 
65 
80 
ns 
--- 


tpMR 
MR Pulse Width 
30 
40 
50 
65 
ns 


tRMR 
MR Recovery Time 
10 
10 
15 
15 
ns 


tRPW 
Read HIGH to MR HIGH 
30 
40 
50 
65 
ns 


twrw 
Write HIGH to MR HIGH 
30 
40 
50 
65 
ns 


tEFL 
MRtoEFWW 
40 
50 
65 
80 
ns 


tFFH 
MR toFFHIGH 
40 
50 
65 
80 
ns 


tREF 
Read WW 
to EF WW 
30 
40 
50 
60 
ns 


tRFF 
Read HIGH to FF HIGH 
30 
40 
50 
60 
ns 


tWEF 
Write HIGH to EF HIGH 


-- 
30 
40 
50 
60 
ns 


tWFF 
Write WW 
to FF WW 
30 
40 
50 
60 
ns 


tRAE 
Effective Read from Write HIGH 
30 
40 
50 
60 
ns 


tRPE 
Effective Read Pulse Width After 
30 
40 
50 
65 
EFHIGH 
ns 


tWAF 
Effective Write from Read HIGH 
30 
40 
50 
60 
ns 


tWPF 
Effective Write Pulse Width After 
30 
40 
50 
65 
FFHIGH 
ns 


tXOL 
Expansion Out LOW Delay from Clock 
30 
40 
50 
60 
ns 


tXOH 
Expansion Out HIGH Delay from Clock 
30 
40 
50 
60 
ns 


Notes: 
3. 
Test conditions 
assume signal transition 
time of S os or less, timing ref- 


erence levelsof l.SV and output loadingof the specifiedIodloH and 
30-pFload capacitance,asin part (a)of ACTestLoadand Waveform, 
unless otherwise specified. 


4. 
tHZRtransition is measured at + 500 mV from VOLand -500 mV 
from VOH' 
tovR 
transition 
is measured 
at the l.SV 
level. 
tHwz and 


tLZR transition is measured at ± 100 mV from the steady state. 


5. 
tHZRand tovRusecapacitance loadingas in part (b) of ACTest Load 
and Waveform. 


CYM4210 
CYM4220 


'" 
~ 
4>w 
K 
"L_t~WR----+ __ 
--/_ 


------_ 
DATA VALID 
--------e( 
DATA VALID 
)_--- 


- 
- 
_.---------~ 
4210-6 


CYM4210 
CYM4220 


__ 
~FHJ 


tA ..;::l ~ 


---- 
•..•~ 
DATA VALID><Z>------------------------ 


4210-10 


• 


CYM4210 
CYM4220 


Notes: 
6. 
tMRSC = tpMR + tRMR. 


7. 
Wand 
R 2. VIH for at least twpw or tRPRbefore 
the rising edge of 
MR. 


8. 
ExpansiQ!:>Outof 
Device 1 (XOd is connected 
to Expansion In of De- 


vice 2 (XI2)' 


CYM4210 
CYM4220 


Architecture 
The CYM4210 FIFO module is an array of 8,192 words of 9 bits 
each and is implemented using four 2K x 9 monolithic FIFOs. The 
CYM4220 is an array of 16,384words of9 bits each and is implem- 
ented using four 4K x 9 monolithic FIFOs. Each version has full 
and empty flags, but since the FIFOs are internally cascaded using 
the depth mode, the half full and retransmit features are not avail- 
able. 


Pinout of the CYM4210 and CYM4220 are compatible with indus- 
try standard 
28-pin DIP. The functionality 
is compatible 
with 


monolithic FIFO devices and with other FIFO modules. 


Resetting the FIFO 


Upon power-up, the FIFO must be reset with a master reset (MR) 
cycle. This causes the FIFO to enter the empty condition signified 
by the empty fl~ (EF) bein&.!:-OW and full flag (FF) resetting to 
HIGH. Read (R) and write (W) must be HIGH tRPw/tWPWbefore 
and tRMRafter the rising edge of MR for a valid reset cycle. 


Writing Data to the FIFO 


The availability of an empty location is indicated 2Y the HIGH 
state of the full flag (FF). A falling edge of write (W) initiates a 
write cycle. Data appearing!!!...the inputs (Do-D.) tso before and 
tHOafter the rising edge of W will be stored sequentially in the 
FIFO. 


The empty flag (EF) LOW to HIGH transition occurs tWEFafter 
the first LOW to HIGH transition on the write clock of an empty 
FIFO. The full flag (FF) goes LOW on the falling edge ofW during 
the cycle in which the last available location in the FIFO is written, 
prohibiting overflow. FF goes HIGH tRFFafter the completion of 
a valid read of a full FIFO. 


Reading Data from the FIFO 


The falling edge of read (R) initiates a read cycle if the empty flag 
(EF) is not LOW Data outputs (Oo-g.) 
are in a high-impedance 


condition between read operations (R HIGH), when the FIFO is 
empty, or when the FIFO is in the depth expansion mode but is 
not the active device. 


The falling edge ofR during the last read cycle before the empty 
condition triggers a HIGH to LOW transition of EF, prohibiting 
any further read operations 
until tWEFafter a valid write. 


Single Device Mode 


Single device mode is entered by connecting FL to ground and 
connecting XO to Xl (see Figure 1). 


Width Expansion Mode 


FIFOs can be expanded in width to provide word widths greater 
than 9 bits in increments of 9 bits. Devices are connected similar 
to the single device mode but with control line inputs in common 
to all devices. Flag outputs from any device can be monitored (see 
Figure 2). 


Depth Expansion 
Mode 


~th 
expansion mode ~ 
Figure 3) is entered when, during a 


MR cycle,expansion out (XO) of one device is connected to expan- 
sion in (XI) of the next device, with XO of the last device connected 
to XI of the first device. In the depth expansion mode the first load 
(FL) input, when grounded, indicates that this part is the first to 


be loaded. All other devices must have this pin HIGH. To enable 
the correct FIFO, XO is pulsed LOW when the last physicalloca- 
tion of the previous FIFO is written to and is pulsed LOW again 
when the last physical location is read. Only one FIFO is enabled 
for read and one is enabled for write at any given time. All other 
devices are in standby. 


FIFOs can also be expanded simultaneously 
in depth and width. 


Consequently, 
any depth or width FIFO can be created of word 


widths in increments of 9 bits. When expanding in depth, a com- 
posite FF and EF must be created by ORing the FFs together and 
the EFs together. 


CYM421 0 
CYM4220 


IN 


XO 


CYM4210 
CYM4220 


FL 


Vcc 


Xi 


XO 
FL 


FULL 
FF 
EF 
EMPTY 


D 
CYM4210 
CYM4220 


FL 


Xi 


XO 


EF 


CYM4210 
CYM4220 


RS 
• = FIRST DEVICE 


CYM4210 
CYM4220 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
'fYpe 
Range 


30 
CYM4210HO-3OC 
HOlO 
Commercial 


40 
CYM42lOHO-4OC 
HOlO 
Commercial 


CYM4210HO-40MB 
HOlO 
Military 


50 
CYM42lOHO-5OC 
HOlO 
Commercial 


CYM4210HO-50MB 
HOlO 
Military 


65 
CYM42lOHO-65C 
HOlO 
Commercial 


CYM42lOHO-65MB 
HOlO 
Military 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


30 
CYM4220HO-3OC 
HOlO 
Commercial 


40 
CYM4220HO-4OC 
HOlO 
Commercial 


CYM4220HO-40MB 
HOlO 
Military 


50 
CYM4220HO-5OC 
HOlO 
Commercial 


CYM4220HO-50MB 
HOlO 
Military 


65 
CYM4220HO-65C 
HOlO 
Commercial 


CYM4220HO-65MB 
HOlO 
Military 
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Features 


• 
65,536 x 9 FIFO buffer memory 
• 
Advanced SRAM-based FIFO archi- 
tecture 
• 
Asynchronous 
read/write 
• 
High-speed 7.5-MHz read/write 
inde- 
pendent of width 
• 
Low operating 
power 
- 
lee (max.) = 250 mA 


• 
Empty and full flags 
• 
28-pin, 600-mil DIP package 
• 
Pinout-compatible 
with industry- 
standard 
FIFO pinout (7C428, 


7C432) 


Functional Description 


The 
CYM4241 
RAMFIFO@ 
is 
a 
65,536-word 
by 
9-bit 
first-in 
first-out 


(FIFO) memory implemented using an ad- 
vanced 
SRAM 
controller 
architecture. 


The device is packaged in a 28-pin, 600-mil 
DIP. The pin format is compatible with in- 
dustry-standard 
formats. FIFO memories 
are organized such that the data is read in 
the same sequential order that it was writ- 
ten. Full and empty flags are provided to 
prevent overrun and underrun. 
The read and write operations may be to- 
tally asynchronous; each can occur at a rate 
of 7.5 MHz. The write operation 
occurs 
when the write (\Y} signal is LOW Read 
occurs when read (R) goes LOW The nine 
data outpu~ 
go to the high-impedance 
state when R is HIGH. 


The CYM4241 combines high-speed static 
RAMs with proprietary 
FIFO controller 


circuitry, and incorporates 
an on-board 
high-speed crystal oscillator. The control- 
ler arbitrates Eync~nous 
requests 
ap- 
pearing at the Rand W inputs of the FIFO 
with an internal 
synchronous 
state ma- 


chine. It configures the SRAM array as a 
virtual dual-port memory, and maintains 
read and write address counters. Flag logic 
and reset circuitry are incorporated 
in the 


controller. 


The CYM4241 is pinout-eompatible 
with 


the CYM4210 and CYM4220 FIFO mod- 
ules. The CYM4241 pin arrangement 
is 


compatible with Cypress's CY7C428 and 
CY7C432 monolithic FIFOs. 


W 
08 
03 
O2 
0, 
Do 
NC 
FF 
00 
0, 
O2 
03 
08 


GNO 


4241-85 
4241-100 


Frequency (MHz) 
. 
r 
7.5 
6.5 


Access Time (ns) 
85 
100 


Maximum 
Ratings 
(Above which the useful life may be impaired. For user guidelines, 
not tested.) 


Storage Temperaturel'l 
- 40°C to + 125°C 
Ambient Temperature 
with 
Power Applied 
.......................•... 
O°C to +70°C 
Supply Voltage to Ground Potential 
- 0.3V to + 7.0V 


DC Voltage Applied to Outputs 
in High Z State 
- 0.3V to Vcc + 0.3V 


Electrical 
Characteristics 
Over the Operating Range 


DC Input Voltage 
- 0.3V to Vcc + O.3V 


Operating 
Range 


Range 


Commercial 


Ambient 
Temperature 


OOCto + 70°C 


Vee 
5V :t 5% 


4241 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = - 6.0 mA 
( 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min.,IoL = 6.0 mA 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
V 


V'L 
Input LOW Voltage 
0.8 
V 


IIX 
Input Leakage Current 
GND<V,<Vee 
-10 
+ 10 
~ 
Ioz 
Output Leakage Current 
R > V'H,GND<Vo<Vee 
-10 
+10 
~A 


Ice 
Operating 
Current 
Vee = Max., lOUT= 0 mA 
250 
mA 


Ios(2) 
Short Circuit Current 
Vee = Max., VOUT= Vee 
, 
25 
80 
mA 


Vee = Max., VOUT= GND 
-75 
mA 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C'N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
7 
pF 


COUT 
Output Capacitance 
Vee = 5V 
7 
pF 


Notes: 
1. 
Unpowered. 
2. 
Not more than one output should be shorted at one time. Duration 
of the short circuit should not exceed 30 seconds. 


30PFr 
INCLUDING 


JIG AND -= 
-= 


SCOPE 
(a) 


R2 
232ll 


5V~R159sn 
OUTPUT 


5pF 
R2 
232ll 
INCLUDINGI _ 
JIG AND 
- 
- 
SCOPE (b) 


,.ov ~~:'UTPU~ 
10% 


GND 
10% 
<=:~ 
+ 
<5ns 


5V 


OUTPUT 


THEVENIN EQUIVALENT 


167ll 
OUTPUT _o-__ 
.~, 
O 1AV 


4241-85 
4241-100 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read Cycle Time 
130 
150 
ns 


tA 
Access Time 
85 
100 
ns 


tRR 
Read Recovery Time 
45 
50 
ns 


tpR 
Read Pulse Width 
85 
100 
ns 


tLZR(4) 
Read LOW to Low Z 
3 
3 
ns 


tOVR 
Read HIGH to Data Valid 
3 
3 
ns 


tHZRI4) 
Read HIGH to High Z 
20 
20 
ns 


twc 
Write Cycle Time 
130 
150 
ns 


tpw 
Write Pulse Width 
85 
100 
ns 


tHWZ[4j 
Write HIGH to Low Z 
10 
10 
ns 


tWR 
Write Recovery Time 
45 
50 
ns 


tso 
Data Set-Up Time 
20 
20 
ns 


tHO 
Data Hold Time 
5 
5 
ns 


tMRSC 
MR Cycle Time 
130 
150 
ns 


tPMR 
MR Pulse Width 
85 
100 
ns 


tRMR 
MR Recovery Time 
45 
50 
ns 


tRPW 
Read HIGH to MR HIGH 
85 
100 
ns 


twpw 
Write HIGH to MR HIGH 
85 
100 
ns 


tEFL 
MRtoEFLOW 
85 
100 
ns 


tFFH 
MR toFFHIGH 
85 
100 
ns 


tREF 
Read LOW to EF LOW 
85 
100 
ns 


tRFF 
Read HIGH to FF HIGH 
85 
100 
ns 


tWEF 
Write HIGH to EF HIGH 
85 
100 
ns 


tWFF 
Write LOW to FF LOW 
85 
100 
ns 


tRAE 
Effective Read from Write HIGH 
80 
95 
ns 


tRPE 
Effective Read Pulse Width After EF HIGH 
85 
100 
ns 


tWAF 
Effective Write from Read HIGH 
80 
95 
ns 


tWPF 
Effective Write Pulse Width After FF HIGH 
85 
100 
ns 


Notes: 
4. 
Guaranteed 
by design. Not tested in production. 


w -{-1pwK-,"~E'~---1-_--/_ 


Do-De 
------- 
DATA 
VALID 
•••--------( 
DATA 
VALID 
)--- 


- 
- 
.••.--------..... 
4241-6 


• 


__ 
~FHJ 


tA~~ 


---- 
•••~ 
DATA VALID ><X>----------------------- 


Architecture 
The CYM4241 RAMFIFO@) module is an array of 65,536 words 
of 9 bits each. It combines high-speed static RAMs with propri- 
etary FIFO controller circuitry and a high-speed crystal oscillator. 
The controller includes read and write logic, read and write count- 
ers, flag/reset logic, state machine, and other support circuitry. It 
configures the 64K word by 9-bit SRAM array as a virtual dual-port 
memory. 


Resetting the FIFO 


Upon power-up, the FIFO must be reset with a master reset (MR) 
cycle. This causes the FIFO to enter the empty condition signified 
by the empty flJ!g(EF) being!.OW 
and full flag (FF) resetting to 


HIGH. Read (R) and write (W) must be HIGH tRPw/twpwbefore 
and tRMRafter the rising edge of MR for a valid reset cycle. 


Writing Data to the FIFO 


The availability of an...E..,mptylocation is indicated Qy the HIGH 
state of the full flag (FF). A falling edge of write (W) initiates a 
write cycle. Data appearing at the in,2!!ts(Do through D.) tSDbe- 
fore and tHDafter the rising edge of W will be stored sequentially 
in the FIFO. 


The empty flag (EF) WW-to-HIGH 
transition occurs tWEFafter 
the first LOW-to-HIGH 
transition on the write clock of an empty 


Speed 
Package 
Operating 


(ns) 
Ordering Code 
lYpe 
Range 


85 
CYM4241PD-85C 
PDO? 
Commercial 
100 
CYM4241PD-l00c 
PDO? 
Commercial 


FIFO. The full flag (FF) goes LOW on the falling edge ofW during 
the cycle in which the last available location in the FIFO is written, 
prohibiting overflow. FF goes HIGH tRFFafter the completion of 
a valid read of a full FIFO. 


Reading Data from the FIFO 


The falling edge of read (R) initiates a read cycle if the empty flag 
(EF) is not LOW. Data outputs (Qothrough 9.)are in a high-impe- 
dance condition between read operations (R HIGH) or when the 
FIFO is empty. The falling edge ofR during the last read cycle be- 
fore the empty condition triggers a HIGH-to-LOW 
transition of 


EF, prohibiting any further read operations until tWEFafter a valid 
write. 


FIFOs can be expanded in width to provide word widths greater 
than 9 bits in increments of 9 bits. During width expansion mode 
all control line inputs are common to all devices, and flag outputs 
from any device can be monitored. 


The CYM4241 cannot be expanded in depth. 
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Features 


• 
Very high speed 256K SRAM module 
- Access time of 10 nsec. 


• 
300-mil-wide hermetic DIP package 
• 
Low active power 
- 
1.8W (max.) 


• 
SMD technology 
• 
TTI __compatible 
inputs and outputs 
• 
On-chip decode for speed and density 
• 
JEDEC pinout-compatible 
with 
7C194 monolithic 
SRAMs 
• 
Small PCB footprint 
- 
0.36 sq. in. 


Functional Description 


The CY7M194 is an extremely high per- 
formance 256-kilobit static RAM module 
organized as 65,536 words by 4 bits. This 
module is constructed using four 16K x 4 
static RAMs in LeC packages mounted on 
a 300-mil-wide 
ceramic 
substrate. 
Ex- 
tremely 
high 
speed 
and 
density 
are 
achieved by using BiCMOS SRAMs con- 
taining internal address decoding logic. 


Writing to the module 
is accomplished 
when the chip enable (CE) and write en- 
able (WE) inputs are both WW Data on 
the four input pins (I/Oo through UO,) of 


the device is written into the memory loca- 
tion specified 
on the address 
pins (Ao 


through A,s). 


Reading the device is accomplished by tak- 
ing the c!!i2.enable (CE) LOW, while write 
enable (WE) remains inactive or HIGH. 
Under these conditions, 
the contents of 


the memory location specified on the ad- 
dress pins (Ao through A,s) will appear on 
the four output pins (I/Oo through 
110,). 


The data output pins remain in a high- im- 
pedance 
state 
unless th~odule 
is se- 
lected and write enable (WE) is HIGH. 


Maximum Access Time (ns) 


Maximum Operating 
Current (mA) 


Maximum Standby 
Current (mA) 


Commercial 


Military 


Commercial 


Military 


7M194-15 


15 


325 


375 


200 


250 


DIP 


Top View 


Vcc 


As 
A.-. 


A3 
A2 
A, 


Ao 


1/03 
1/02 
I/O, 


'4 
liDo 
WE 


7M194-20 


20 


20 


375 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
-65°C 
to + 150°C 


Ambient Temperature 
with 
Operating 
Range 


Power Applied 
- 55°C to + 125°C 


Supply Voltage to Ground Potential. 
. . . . . 
- 0.5V to + 7.0V 


~~~o~tzgstali.lie~ 
.to.O.Ulp.Uls 
_ 0.5V to + 7.0V 


DC Input Voltage 
- 0.5V to + 7.0V 


Output Current into Outputs (LOW) 
20 mA 


Electrical 
Characteristics 
Over the Operating Range 


Ambient 
Range 
Temperature 
Vcc 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
- 55°C to + 125°C 
5V ± 10% 


7M194 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = - 4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vce = Min.,IoL 
= 8.0 mA 
0.4 
V 


VJH 
Input HIGH Level 
2.9 
V 


V1L 
Input LOW Levelll] 
0.8 
V 


I,X 
Input Load Current 
GND~Vl~Vee 
-20 
+20 
J.lA 


Ioz 
Output Leakage Current 
VOL~ 
Vo~ 
Vee, Output Disabled 
-20 
+20 
).lA 


Ice 
Vee Operation 
Supply Current 
Vee = Max., lOUT= OmA,CE~ 
V1L 
Com'l 
325 
mA 


Mil 
375 


ISB 
Automatic CE 
Vee = Max.,CE2 
VJH, 
Com'l 
200 
mA 


Power-Down Current 
Min. Duty Cycle = 100% 
Mil 
250 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input Capacitance 
TA = 25°C, f = 1 MHz, 
35 
pF 


COUT 
Output Capacitance 
Vee = 5.0V 
25 
pF 


5V 
5V 


OUTPUT 
OUTPUT 
3.0V 


30pF I 
R2 


5PFI 
R2 
GND 
255fi 
255fi 


INCLUDING 
INCLUDING 
JIGAND_ 
-= 
JIGAND_ 
-= 
SCOPE 
- 
SCOPE- 


(a) 
(b) 
Ml94-3 


• 


7M194-10 
7M194-12 
7M194-15 
7M194-20 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


Read 
Cycle 


tRC 
Read 
Cycle 
Time 
10 
12 
15 
20 
ns 


tAA 
Address 
to Data 
Valid 
10 
12 
15 
20 
ns 


toHA 
Data 
Hold 
from 
Address 
Change 
2 
3 
3 
3 
ns 


tACE 
CE 
LOW 
to Data 
Valid 
10 
12 
15 
20 
ns 


tLZCE 
CE 
LOW 
to Low 
Z 
2 
3 
,. 
3 
3 
ns 


tHZCE 
CE 
HIGH 
to High 
ZI41 
6 
8 •.•.• 
8 
8 
ns 


tpu 
CE LOW 
to Power-Up 
0 
0·) 
.....• 
0 
0 
ns 


tpo 
CE 
HIGH 
to Power-Down 


. 


10 
i 
VV 1),2 
15 
20 
ns 


Write 
Cycle 


twc 
Write 
Cycle 
Time 
/19< .... 
15 
20 
ns 


tSCE 
CE 
LOW 
to Write 
End 
,0 •.• 
10 
15 
ns 


tAw 
Address 
Set-Up 
to Write 
End 
8 
.. 
}( 
, ..... 
10 
15 
ns 


tHA 
Address 
Hold 
from 
Write 
End 
1 
•.1...•...• 
i / 
1 
1 
ns 


tSA 
Address 
Set-Up 
from 
Write 
Start 
0 
0 
I·· .• 
0 
0 
ns 
.. 


tpwE 
WE 
Pulse 
Width 
8 
10 
10 
15 
ns 


tso 
Data 
Set-Up 
to Write 
End 
8 
9 
9 
10 
ns 


t,m 
Data 
Hold 
from 
Write 
End 
1 
1 
1 
1 
ns 


tLZwE 
WE 
HIGH 
to Low 
Z 
3 
3 
3 
5 
ns 


tHzwE 
WE 
LOW 
to High 
Z14] 
. 
0 
5 
0 
7 
0 
7 
0 
10 
ns 


Shaded area contains preliminary information. 


Notes: 
3. 
Test conditions 
assume signal transition 
times of 5 os or less, timing 
reference 
levels of 1.5V, input levels of 0 to 3.0V, and output loading 
of the specified IodloH 
and 30-pF load capacitance. 


4. 
tHZCSand tHzWE are specified with CL = 5 pF as in part (b) of AC 
Test Loads. 
Transition 
is measured 
± 500 mV from steady 
state 
voltage. 


5. 
The internal write time of the memory is defined by the overlap ofCE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate 
a write by going I IIGH. The data input set- 


up and hold timing should be referenced 
to the rising edge of the signal 


that terminates 
the write. 
6. 
WE is HIGH 
for read cycle. 


Switching 
Waveforms 


Read 
Cycle 
No.1 
15,6) 


IoHA 


PREVIOUS 
DATA 
VALID 


Switching Waveforms 


Read 
Cycle 
No. 2(7,81 


tlZWE --1 


HIGH 
IMPEDANCE 
4=========== • 


tHZWE-:l 
_ 
~ 
HIGH 
IMPEDANCE 


Notes: 
7. 
Device is continuously 
selected, 
CE = VIL• 
8. 
Address valid prior to or coincident 
with CE transition Ww. 


9. 
IfCEgoes 
HIGH simultaneously 
with WE HIGH, 
the output remains 


in a high-impedance 
state. 


CE 
WE 
Inputs/Outputs 
Mode 


H 
X 
High Z 
Deselect/Power-Down 


L 
H 
Data Out 
Read Word 


L 
L 
Data In 
Write Word 


Military 


Military 


~_.~ 


'fjj CYPRESS 
iF 
SEMICONDUCTOR 


Features 


• 
Very high speed 256k SRAM module 
- Access time of 10 nsec. 


• 
300-mil-wide hennetic 
DIP package 
• 
Low active power 
- 
2.1W (max.) 


• 
SMD technology 


• 
TTL-compatible 
inputs and outputs 
• 
On-chip decode for speed and density 
• 
JEDEC pinout-compatible 
with 
7C199 monolithic 
SRAMs 


• 
Small PCB footprint 
- 
0.42 sq. in. 


Functional 
Description 


The CY7MI99 is an extremely high per- 
formance 256-kilobit static RAM 
module 
organized as 32,768 words by 8 bits. This 
module is constructed using four 16k x 4 
static RAMs in LCC packages mounted on 
a 
3DO-mil-wide ceramic 
substrate. 
Ex- 
tremely 
high 
speed 
and 
density 
are 
achieved by using biCMOS SRAMs con- 
taining internal address decoding logic. 


Writing to the 
module 
is accomplished 
when ~ 
chip enable (CE) and write en- 


able (WE) inputs are both LOW Data on 
the eight input pins (1100 through I/07) of 
the device is written into the memory loc- 


Maximum Access Time (ns) 


Maximum Operating 
Current (mA) 


Maximum Standby 
Current (mA) 
Military 


Shaded area contains preliminary information. 


ation specified on the address pins (Ao 
through AI')' 
Reading the device is accomplished by tak- 
ing th~hip 
enable (CE) and output en- 


able (OE) LOW, while write enable (WE) 
remains inactive or HIGH. 
Under these 


conditions, the contents of the memory lo- 
cation specified on the address pins (Ao 
through AI.) will appear on the eight out- 
put pins (1/00 
through I/07). 


The data output pins remain in a high-im- 
pedance 
state unless the module 
is se- 


lected, outputs are enabled, and write en- 
able (WE) is HIGH. 


DIP 
Top View 


Commercial 


Military 


Commercial 


7M199-15 
7M199-20 


15 
20 


375 


425 
425 


200 


250 
250 
• 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 
Ambient Temperature 
with 
Operating 
Range 


Power Applied 
- 55°C to + 125°C 
Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State 
- 0.5V to + 7.0V 


DC Input Voltage. 
. . . . . . . . . . . . . . . . . . . . .. 
- 0.5V to + 7.0V 


Output Current into Outputs (LOW) 
20 mA 


Electrical 
Characteristics 
Over the Operating Range 


Ambient 
Range 
Temperature 
Vee 


Commercial 
O°C to + 70°C 
5V ± 10% 


Military 
- 55°C to + 125°C 
5V ± 10% 


7M199 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
Vee = Min., IOH = - 4.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
Vee = Min., IOL = 8.0 mA 
0.4 
V 


VIH 
Input HIGH Voltage 
2.2 
V 


V'L 
Input LOW Voltageil] 
- 0.5 
0.8 
V 


IIX 
Input Load Current 
GND<V,<Vee 
-20 
+20 
JlA 


loz 
Output Leakage Current 
VOL~ Vo ~ 
Vee, Output Disabled 
-20 
+20 
JlA 


Ice 
Vee Operation 
Supply Current 
fu = Max., lOUT= 0 mA 
Com'l 
375 
mA 
CE..$. V'L 
Mil 
425 


ISB 
Automatic CE 
Vee = Max.,CE~ 
V'H, 
Com'l 
200 
mA 


Power-Down Current 
Min. Duty Cycle = 1()()% 
Mil 
250 


Parameters 
Description 
Test Conditions 
Max. 
Units 


CIN 
Input Capacitance 
TA = 25°C,f= 
1 MHz, 
35 
pF 


CoUT 
Output Capacitance 
Vee = 5.0V 
25 
pF 


Notes: 
1. 
Y".{ntin.) = -3.0Y 
for pulse widths less than 20 ns. 


sv 
sv 


OUTPUT 
OUTPUT 
3.0'1 
90% 
90% 


30pF I 
R2 
R2 
10% 


2SSfi 
SPFI 
2SSfi 
GND 


INCLUDING 
INCLUDING 
~5ns 
-- 


~5ns 


JIG AND 
_ 
-= 


JtGAND 
_ 
-= 
SCOPE 
- 
SCOPE 
- 


(a) 
(b) 
M199-3 
M199-4 


7M199-10 
7M199-12 
7M199-15 
7M199-20 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


Read 
Cycle 


tRC 
Read 
Cycle 
Time 
10i 
> 


112 
» 
..... 15 
20 
ns 


tAA 
Address 
to Data 
Valid 
10 
12 
15 
20 
ns 


lallA 
Data 
Hold 
from 
Address 
Change 
2 
3 
3 
3 
ns 


tAcs 
CE 
LOW 
to Data 
Valid 
.... 
10 
12 
15 
20 
ns 


tOOE 
OE 
LOW 
to Data 
Valid 
•• 
.10 
8 
10 
ns 


tLWE 
OE 
LOW 
to Low Z 
•• 2 •••·••· 
.... x2 
.•... 
3 
3 
ns 


tHWE 
OE 
HIGH 
to High Z 
.... 
8 
.< 
8 
8 
9 
ns 


tLZCE 
CE 
LOW 
to Low 
Z 
2 
3 
1<· 
3 
3 
ns 


tHZCE 
CE 
HIGH 
to High 
Z14] 
..• 
• 6. 
.> .•.•.. 
...& .... 
8 
8 
ns 


tpu 
CE 
LOW 
to Power-Up 


.•.... 
0 
0 
ns 


tPD 
CE 
HIGH 
to Power-Down 


.... 
10 


•• 


··12 
15 
20 
ns 


Write 
Cycle 


twc 
Write 
Cycle 
Time 
10•.•:•• 
12 
15 
20 
ns 


tSCE 
CE IDW 
to Write 
End 
..... 
ll 
.,:.. 
i4° 
.... 
....... 
12 
15 
ns 


tAW 
Address 
Set-Up 
to Write 
End 
12 
15 
ns 


tllA 
Address 
Hold 
from 
Write 
End 
1· 
....... 
:··1 
1 
1 
ns 


tSA 
Address 
Set-Up 
from 
Write 
Start 
0.:. 
... 0 
.... 
0 
0 
ns 


tpwE 
WE 
Pulse 
Width 
g 
••..10 
:.. 
12 
15 
ns 


tSD 
Data 
Set-Up 
to Write 
End 
,.8 .• 
...•... 
......10 
.t. 
10 
10 
ns 


tllD 
Data 
Hold 
from 
Write 
End 
... :: 
1 
1 
ns 
........ 


tLZwE 
WE 
HIGH 
to Low Z 
3 .•.• 
5 
5 
5 
ns 


tHZWE 
WE 
LOW 
to High 
ZI4J 
0 
5 
0 
7 
0 
7 
0 
10 
ns 


Shaded area contains 
preliminary 
information. 


Notes: 
3. 
Test conditions 
assume signal transition 
times of 5 os or less, timing 
reference 
levels of 1.5Y, input levels of 0 to 3.0Y, and output loading 


of the specified tOLlIoH and 30-pF load capacitance. 
4. 
tHZCSand tllzwE are specified with CL = 5 pF as in part (b) of AC 
Test Loads. 
Transition 
is measured 
±500 
mV from 
steady state 


voltage. 


5. 
WE is HfGH 
for read cycle. 


6. 
Device is continuously 
selected, 
CE = VI' 


Switching Waveforms 


Read 
Cycle 
No. 
115,61 


Switching Waveforms 


Read Cycle No. 2[5,7] 


tso 


DATA 
VALID 


Notes: 
7. 
Address valid prior to or coincident 
with CE transition WW. 
8. 
The internal write time of the memory is defined by the overlap ofCE 
WW and WE Ww. Both signals must be WW to initiate a write and 
either signal can terminate 
a write by going HIGH. The data input set- 


up and hold timing should be referenced 
to the rising edge of the the 


signal that terminates the write. 
9. 
If CE goes HIGH simuitaneouslywith 
WE HIGH, 
the output remains 


in a high-impedance state. 


CE 
WE 
OE 
Inputs/Outputs 
Mode 


H 
X 
X 
HighZ 
Deselect/Power-Down 
L 
H 
L 
Data Out 
Read Word 
L 
L 
X 
Data In 
Write Word 
L 
H 
H 
High Z 
Deselect 


Ordering Information 


Speed 
(ns) 


CY7Ml99-15DC 


CY7Ml99-15DMB 


CY7Ml99-20DMB 


HD09 


HD09 


HD09 


Commercial 


Military 


Military 
• 


PRODUCT 
• 
INFORMATION 


STATIC RAMS 
• 


PROMS 
• 


EPLDS 
• 


FIFOS 
• 


LOGIC 
• 


RISC 
••• 
1[11 


MILITARY 
l1li 


DESIGN AND 
• 
PROGRAMMING TOOLS 


QUALITY AND 
• 
RELIABILITY 


PACKAGES 
• 


Device 
Number 


CY10E301 
CY100E301 
CYlOE302 
CY100E302 
CY100E302 
CYlOE383 
CY101E383 
CYlOE422 
CY100E422 
CYlOE470 
CY100E470 
CYlOE474 
CY100E474 
CYlOE484 
CY100E484 
CYlO1E484 
CYlOE494 
CY100E494 
CY101E494 


Description 
Combinatorial 
ECL 16P4 Programmable 
Logic Device 
9-1 


Combinatorial 
ECL 16P4 Programmable 
Logic Device 
9-1 


Combinatorial 
ECL 16P4 Programmable 
Logic Device 
9-6 


Combinatorial 
ECL 16P4 Programmable 
Logic Device 
9-6 


Combinatorial 
ECL 16P4 Programmable 
Logic Device 
9-6 


ECUITL 
Translator and High-Speed Bus Driver ....................•................ 
9-11 


ECUITL 
Translator and High-Speed Bus Driver 
9-11 
256 x 4 ECL Static RAM 
9-16 


256 x 4 ECL Static RAM 
.....•.................................................... 
9-16 


4096 x 1 ECL Static RAM 
9-23 


4096 x 1 ECL Static RAM 
9-23 


1024 x 4 ECL Static RAM 
9-28 


1024 x 4 ECL Static RAM 
............................•............................ 
9-28 


4096 x 4 ECL Static RAM 
9-35 


4096 x 4 ECL Static RAM 
9-35 


4096 x 4 ECL Static RAM 
9-35 


16,384 x 4 ECL Static RAM 
9-37 


16,384 x 4 ECL Static RAM 
9-37 


16,384 x 4 ECL Static RAM 
9-37 


• 


~_.~ 


':}6 CYPRESS 
iF 
SEMICONDUCTOR 


CYIOE301 


CYIOOE301 


Combinatorial 
ECL 16P4 


Programmable 
Logic Device 


Features 


• 
Standard 
16P8 pinout and 


architecture 
- 
16 inputs, 8 outputs 
- 
User-programmable 
output 
polarity 


• 
Ultra high speed/standard 
power 
- 
tPD = 4 ns (max.) 


- 
lEE = 240 mA (max.) 


• 
Low-power version 
- 
tPD = 6 ns (max.) 


- 
lEE = 170 mA (max.) 


• 
Both 10KH- and lOOK-compatible 
1/0 versions available 


• 
Enhanced 
test features 
- Additional test input terms 
- Additional test product terms 


• 
Security fuse 


Functional Description 


Cypress Semiconductor's 
PLD family 
offers the user the highest level of perform- 
ance in ECL programmable 
logic devices. 
These PLDs are developed using an ad- 
vanced STAR<!!Ilbipolar process incorpo- 
rating proven Ti-W fuses. 
The CYlOE301 is 10KH-compatible 
and 
the 
CY100E301 
is 
100K-compatible. 


These PLDs implement the familiar sum- 
of-products 
logic functions by selectively 
programming 
cell elements 
to configure 
the AND gates by disconnecting either the 
true or the complement 
input term. If all 
inputs 
are disconnected 
from an AND 


gate, then a logical true will exist at the out- 
put of this AND gate. An output polarity 
fuse is also provided to allowan activeI.DW 


PDIP/CerlJIP 
Top View 
o 
VCC2 
0 


to occur if this fuse is blown. A security fea- 
ture provides the user protection 
for the 


implementation 
of 
proprietary 
logic. 


When 
invoked by blowing the security 


fuse, the contents of the array cannot be 
accessed in the verify mode. 


The CYlOE301 and CY100E301 can be 
programmed 
using Cypress's QuickPro II 
or other industry-standard 
programming 
equipment. 
Programming 
support 


information 
can be obtained 
from local 
Cypress Semiconductor 
sales offices. 


PLCC/CLCC 


Top View 
o 8 
___ 
z> __ 


7 
8 


9 


10 


11 
12 
13 
14 
15 
16 17 
18 


10E301-4 
IOE301-5 
10E301~ 


100E301-4 
l00E301L-6 


Maximum Input to Output Propagation 
Delay Time (ns) 
4 
5 
6 


lEE (mA) 
I 
Commercial 
-240 
-170 


I 
Military 
-240 


Maximum 
Katings 
vperauul; 
••.••"I;t: "t'tn;llU:;u 
LV 'cc aL u'vuuu 
(Above which the useful life may be impaired. 
E~ure 
to abso- 


lute maximum-rated 
conditions for extended penods may affect 


device reliability. For user guidelines, not tested.) 
Storage Temperature 
-65°C 
to + 150°C 


Ambient Temperature 
with 


Power Applied 
- 55°C to + 125°C 


Supply Voltage V EE to Vcc 
-7.0V to + O.5V 
Input Voltage 
V EE to + O.5V 


Output Current 
-50 mA 


Electrical 
Characteristics 
Over the Operating Rangell) 


Range 
I/O 
Temperature 
Vcc 


Commercial 
10KH 
O°C to +75°C 
-5.2V + 5% 


(Standard, L) 
Ambient 


Commercial 
lOOK 
O°C to +85°C 
-4.2V to -{J.3V 


(Standard, L) 
Ambient 


Military 
IOKH 
-55°C to + 125°C 
-5.2V + 5% 


Case 


IOE301 
IOOE301 


Parameters 
Description 
Test Conditions 
Temperaturei2! 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
10KH, RL = 50n to -2V, 
Tc = 55°C 
-1140 
-920 
mV 


VIN = VIHMin. or VIL Max. 
TA = O°C 
-1020 
-840 
mV 


TA = +25°C 
-980 
-810 
mV 


TA = +75°C 
-920 
-735 
mV 


Tc = +l25°C 
-900 
-700 
mV 


lOOK,RL = 50n to -2Y, 
TA = 0°Ct085°C 
-1025 
-880 
mV 


VIN = V,H Min. or V1LMax. 


VOL 
Output LOW Voltage 
10KH, RL = 50n to -2V, 
Tc = -55°C 
-1950 
-1650 
mV 


VIN = VIHMin. or VIL Max. 
TA = O°C 
-1950 
-1630 
mV 


TA = +25°C 
-1950 
-1630 
mV 


TA = +75°C 
-1950 
-1600 
mV 


Tc = +125°C 
-1950 
-1590 
mV 


lOOK,RL = 50n to -2Y, 
TA = O°C t085°C 
-1810 
-1620 
mV 


VIN = VIHMin. or VILMax. 


VIH 
Input HIGH Voltage 
10KH 
Tc = -55°C 
-1270 
-920 
mV 


TA = O°C 
-1170 
-840 
mV 


TA = +25°C 
-1130 
-810 
mV 


TA = +75°C 
-1070 
-735 
mV 


Tc = + 125°C 
-1050 
-700 
mV 


lOOK 
TA = 0°Ct085°C 
-1165 
-880 
mV 


V1L 
Input LOW Voltage 
10KH 
Tc = 55°C 
-1950 
-1520 
mV 


TA = O°C 
-1950 
-1480 
mV 


TA = +25°C 
-1950 
-1480 
mV 


TA = +75°C 
-1950 
-1450 
mV 


Tc = + 125°C 
-1950 
-1440 
mV 


lOOK 
TA = 0°Ct085°C 
-1810 
-1475 
mV 


IIH 
Input HIGH Current 
VIN - VIHMax. 
220 
220 
iiA 


IlL 
Input LOW Current 
VIN = VIL Min. (Except 110 Pins) 
0.5 
0.5 
iiA 


lEE 
Supply Current (All 
Commercial L (Low Power) 
-170 
-170 
mA 


inputs and outputs open) 
Commercial (Standard Power) 
-240 
-240 
mA 


Military 
-240 
mA 


Notes: 
1. 
See AC Jest Loads and Waveforms for test conditions. 
2. 
Commercial 
grade is specified 
as ambient temperature 
with transverse 
air now greater than 500 linear feet per minute. Military grade is spe- 
cified as case temperature. 


CYIOE301 
CYIOOE301 


Parameters 
Description 
Min. 
lYP· 
Max. 
Units 


C1N 
Input Capacitance 
4 
8 
pF 


COUT 
Output Capacitance 
6 
10 
pF 


ALL INPUT PULSES 


V'H 
11 
_20% 
80% 


V'L 
- 


t, 


~_~O%_ 


tl 


Notes: 
3. 
Tested initially and after any design or process changes that may affect 
these parameters. 
4. 
VtL = V1L Min., VIH = VIH Max. on 10KH version. 
5. 
V'L = -1.7Y, V1H = -0.9Von 
lOOK version 


6. 
RL = son, 
C < 5 pF (includes fixture and stray capacitance). 


7. 
All coaxial cables should be SOn with equal lengths. The delay of the 
coaxial cables should be unulled" 
out of the measurement. 


8. 
t, = tr = 0.7 ns 
9. 
All timing measurements 
are made from the 50% point of all wave- 


forms. 


10E301-4 
lOE301-S 
lOE301L-6 


l00E301·4 
100E301L-6 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tpD 
Input to Output Propagation Delay 
4.0 
5.0 
6.0 
ns 


t, 
Output Rise Time 
0.35 
1.5 
0.35 
1.5 
0.35 
1.5 
ns 


tt 
Output Fall Time 
0.35 
1.5 
0.35 
1.5 
0.35 
1.5 
ns 


£'~3======= 


CYIOE301 
CYIOOE301 


FIRS 
FUS 
NUMBER 


REMENT- 
0 
2 
4 
6 
6 
'0 
12 
14 
16 
16 
20 
22 
24 
26 
26 
30 
~ 
1 
3 
5 
7 
9 
11 
13 
15 
17 
19 
21 
23 
25 
27 
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CYIOOE301 


I/O 
tpo 
lEE 
Package 
Operating 
(ns) 
(lOA) 
Ordering Code 
1Ype 
Range 


lOKH 
4 
240 
CY10E30l-4DC 
D14 
Commercial 


CY10E30l-4YC 
Y64 


5 
240 
CYlOE30l-5DMB 
D14 
Military 


CYlOE30l-5YMB 
Y64 


6 
170 
CYlOE301L-6PC 
P13A 
Commercial 


CYlOE301L-6.JC 
J64 


lOOK 
4 
240 
CYlooE30l-4DC 
D14 
Commercial 


CYlooE30l-4YC 
Y64 


6 
170 
CYlooE301L-6PC 
P13A 
Commercial 


CYlooE301L-6JC 
J64 
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.~11 CYPRESS 
JF 
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Features 


• 
Standard 
16P4 pinout and 


architecture 
- 
16 inputs, 4 outputs 


- 
User-programmable 
output 
polarity 


• 
Ultra high speed/standard 
power 
- 
tpo = 3 ns (max.) 


- 
lEE = 220 mA (max.) 


• 
Low-power version 
- 
tpo = 4 ns (max.) 


- 
lEE = 170 mA (max.) 


• 
Both 10KH- and lOOK-compatible 
1/0 versions available 


• 
Enhanced 
test features 


- Additional test input terms 
- Additional test product terms 


• 
Security fuse 


CYIOE302 
CYIOOE302 


Combinatorial 
ECL 16P4 


Programmable 
Logic Device 


Functional Description 


Cypress Semiconductor's 
PLD family 
offers the user the highest level of perform- 
ance in ECL programmable 
logic devices. 
These PLDs are developed using an ad- 
vanced process incorporating proven Ti-W 
fuses. 


The CYlOE302 is 10KH compatible 
and 
the CYlooE302 is lOOKcompatible. These 
PLDs 
implement 
the 
familiar 
sum-of- 


products logic functions by selectively pro- 
gramming cell elements to configure the 
AND gates by disconnecting 
either 
the 
true or complement 
input term. If all in- 
puts are disconnected from an AND gate, 
then a logical true will exist at the output 
of this AND gate. An output polarity fuse 
is also provided to allow an active LOW to 


PDlP/CerDlP 
Top View 
o 
VCC2 
0 


occur if this fuse is blown. A security fea- 
ture provides the user protection 
for the 


implementation 
of 
proprietary 
logic. 


When 
invoked by blowing the security 


fuse, the contents of the array cannot be 
accessed in the verify mode. 


The CYlOE302 and CYlooE302 
can be 


programmed 
using Cypress's QuickPro II 


or other industry-standard 
programming 


equipment. 
Programming 
support 


information 
can be obtained 
from local 


Cypress Semiconductor 
sales offices. 
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lOE302-3 
lOE302-4 
100E302-4 
lOE302L-4 


100E302-3 
100E302L-4 


Maximum Input to Output Propagation Delay Time (ns) 
3 
4 
4 
4 


lEE (mA) 
I 
Commercial 
-220 
-220 
-220 
-170 


I 
Military 
-220 


CYIOE302 


CYIOOE302 


Maximum 
Ratings 


(Above which the useful life may be impaired. 
Exposure to abso- 


lute maximum-rated 
conditions for extended penods may affect 


device reliability. For user guidelines, not tested.) 
Storage Temperature 
- 65°C to + 150°C 


Ambient Temperature 
with 


Power Applied 
- 55°C to + 125°C 


Supply Voltage VEEto Vcc 
-7.0V to + 0.5V 


InputVoltage 
VEEto +0.5V 


Output Current 
-50 mA 


Electrical 
Characteristics 
Over the Operating 
Rangell) 


Range 
I/O 
Temperature 
Vcc 


Commercial 
10KH 
OOCto +75°C 
-5.2V + 5% 


(Standard, L) 
Ambient 


Commercial 
lOOK 
O°C to +85°C 
-4.2V to -Q.3V 


(Standard, L) 
Ambient 


Military 
100KH 
-55°C to + 125°C 
-5.2V + 5% 


Case 


lOE302 
lOOE302 


I'arameters 
Description 
Test Conditions 
Temperaturel2) 
Min. 
Max. 
Min. 
Max. 
Units 


Vo" 
Output HIGH Voltage 
lOKH, RL = 50n to -2V, 
Tc = 55°C 
-1140 
-920 
mV 


VIN = V", Min. or VILMax. 
TA = O°C 
-1020 
-840 
mV 


TA = +25°C 
-980 
-810 
mV 


TA = +75°C 
-920 
-735 
mV 


Tc = + 125°C 
-900 
-700 
mV 


lOOK,RL = 50n to -2V, 
TA = O°C t085°C 
-1025 
-880 
mV 


VIN = VI" Min. or VILMax. 


VOL 
Output LOW Voltage 
lOKH, RL = 50n to -2V, 
Tc = -55°C 
-1950 
-1650 
mV 


VIN = V", Min. or VIL Max. 
TA = O°C 
-1950 
-1630 
mV 


TA = +25°C 
-1950 
-1630 
mV 


TA = +75°C 
-1950 
-1600 
mV 


Tc = +125°C 
-1930 
-1590 
mV 


lOOK,RL = 50n to -2V, 
TA = 0°Ct085°C 
-1810 
-1620 
mV 


VIN = V", Min. or VILMax. 


V", 
Input HIGH Voltage 
lOKH 
Tc = -55°C 
-1270 
-920 
mV 


TA = O°C 
-1170 
-840 
mV 


TA = +25°C 
-1130 
-810 
mV 


TA = +75°C 
-1070 
-735 
mV 


Tc = +125°C 
-1050 
-700 
mV 


lOOK 
TA = 0°Ct085°C 
-1165 
-880 
mV 


VIL 
Input LOW Voltage 
lOKH 
Tc = 55°C 
-1950 
-1520 
mV 


TA = O°C 
-1950 
-1480 
mV 


TA = +25°C 
-1950 
-1480 
mV 


TA = +75°C 
-1950 
-1450 
mV 


Tc = + 125°C 
-1950 
-1440 
mV 


lOOK 
TA = 0°Ct085°C 
-1810 
-1475 
mV 


II" 
Input HIGH Current 
VIN = V", Max. 
220 
220 
j.lA 


IlL 
Input LOW Current 
V1N= VIL Min. 
0.5 
0.5 
j.lA 


lEE 
Supply Current (All 
Commercial L (Low Power) 
-170 
-170 
mA 
inputs and outputs open) 
Commercial (Standard Power) 
-220 
-220 
mA 


Military 
-220 
mA 


Notes: 
I. 
See AC Test Loads and Waveforms for test conditions. 
2. 
C:ommercial grade is specified 
as ambient tempcraturewith 
transverse 


air flow greater than 500 linear feet per minute. Military grade is spe- 
ctfled as case temperature. 


CYIOE302 
CYIOOE302 


Parameters 
Description 
Min. 
Typ. 
Max. 
Units 


C1N 
Input Capacitance 
4 
8 
pF 


COUT 
Output Capacitance 
6 
10 
pF 


Notes: 
3. 
Tested initially and after any design or process changes that may affect 
these parameters. 
4. 
V1L = V1L Min., VIH = VIH Max. on lOKH version. 
5. 
VIL = -1,7Y, VIH = -O.9Von 
lOOK version 


6. 
RL = 50n, C < 5 pF (includes fixture and stray capacitance). 


7. 
All coaxial cables should be 50n with equal lengths. The delay of the 
coaxial cables should be "nulled" 
out uf the measurement. 


8. 
t, = 
If = 0.7 ns 
9. 
All timing measurements 
are made from the 50% point of all wave- 


forms. 


lOE302-3 
lOE302-4 
lOE302L-4 


lOOE302-3 
lOOE302-4 
lOOE302L-4 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tPD 
Input to Output Propagation Delay 
3.0 
4.0 
4.0 
ns 


t, 
Output Rise Time 
0.35 
1.5 
0.35 
1.5 
0.35 
1.5 
ns 


tf 
Output Fall Time 
0.35 
1.5 
0.35 
1.5 
0.35 
1.5 
ns 


E'~3======= 
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CYIOOE302 


Functional 
Logic Diagram (DIP Pinout) 
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CYIOE302 


CYIOOE302 


I/O 
tPD 
lEE 
Package 
Operating 
(ns) 
(mA) 
Ordering Code 
Type 
Range 


10KH 
3 
220 
CYlOE302-30C 
014 
Commercial 


CY10E302-3YC 
Y64 


4 
220 
CYlOE302-40C 
014 
Commercial 


CY10E302-4YC 
Y64 


4 
220 
CY10E302-40MB 
014 
Military 


CY lOE302-4YMB 
Y64 


4 
170 
CY lOE302L-4PC 
Pl3A 
Commercial 


CYlOE302L-41C 
164 


lOOK 
3 
220 
CY100E302-30C 
014 
Commercial 


CY100E302-3YC 
Y64 


4 
220 
CY100E302-40C 
014 
Commercial 


CY100E302-4YC 
Y64 


4 
170 
CY 100E302L-4PC 
Pl3A 
Commercial 


CY 100E302L-41C 
164 
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Features 


• 
BiCMOS for optimum speed/power 


• 
High speed 
- 3 ns tPDTTlAo-ECL 
- 4 ns tPDECL-to- TTL 


• 
Full-duplex 
ECL/TTL data transmis- 
sion 


• 
Internal 
2 kn ECL pull-down 


resistors 
• 
Surface-mount 
PLCC package 


• 
VBB ECL reference voltage output 


• 
Single- or dual-supply 
operation 


• 
Capable of greater than 2001V ESD 


VBB 
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Do 
D1 
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D' 
0. 
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De 
De 
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D9 
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~ 
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CYIOE383 


CYIOIE383 


ECLjTfL Translator and 


High-Speed Bus Driver 


Functional Description 


The CYIO/I01E383 
is a new-generation 
TTL-to-ECL 
and ECL-to- TTL logic level 
translator designed for high-performance 
systems. The device contains ten indepen- 
dant TTI.rlo-ECL 
and ten independant 
ECL-to- TTL 
translators 
for high-speed 
full-duplex data transmission, mixed logic, 
and bus applications. The CYIO/IOIE383 
is especially suited to drive ECL back- 
planes 
between 
TTL 
boards. 
The 
CY 101101E383 is implemented with differ- 
ential ECL 110 to provide balanced 
low 
noise operation 
over controlled 
imped- 
ance buses between TTL and/or ECLsub- 
systems. 
In addition, 
the device has in- 


ternal 2 kn pull-down resistors tied to V EE 
to decrease the number of external compo- 
nents. For system testing purposes or for 


driving light loads, the 2 kn is used as the 
only termination thereby eliminating up to 
20 external resistors. The part meets stan- 
dard IOK/IOKH and lOOKlogic levels with 
the internal pull-down while driving 50n 
to -2Y. 


The device is designed with ample ground 
pins to reduce bounce, and has separate 
ECL and TTL power/ground 
pins to re- 


duce noise coupling between logic fami- 
lies. The parts can operate in single- or du- 
al-supply configurations 
while maintain- 


ing absolute 
1OK/IOKH and WOK level 


swings. The translators are offered in stan- 
dard 1OK/IOKH (WE) and WOK (IOIE) 
ECL-compatible 
versions with -5.2V pow- 
er supply. The TTL 110 is fully TTL com- 
patible. The CYIO/I01E383 is packaged in 
84-pin surface-mountable 
PLCCs. 


PLCC 
Top View 
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DIFFERENTIAL 
ECLOUTPUTS 
ECLSUPPLY 


CYIOE383 
CYIOIE383 


10E383-3 
101E383-3 


Maximum Propagation 
Delay Time (ns) (TTL to ECL) 
3 


Maximum Propagation 
Delay Time (ns) (ECL to TTL) 
4 


Maximum Operating 
Current (mA) Sum of lEE and Ice 
270 


Maximum Ratings 
(Above which the useful life may be impaired. 
For user guidelines, not tested. All supply and ground pins must be connected.) 


Storage Temperature 
- 65°C to + 150°C 
Latch-Up Current 
> 200 mA 
Ambient Temperature 
with 
Power Applied 
- 55°C to + 125°C 
Operating Range 


TTL Supply Voltage to Ground Potential 
- 0.5V to + 7.0V 


TTL DC Input Voltage.. 
. .. . . . .. .. . .. 
- 3.0V to + 7.0V 


ECL Supply Voltage V EE to ECL Vee 
-7.0V to + 0.5V 


ECL Input Voltage 
V EE to + 0.5V 
ECL Output Current 
-50 mA 


Static Discharge Voltage 
> 2001V 


(per MIL-STD-883, Method 3015) 
ECL Electrical Characteristics 
Over the Operating RangeP] 


Ambient 


Range 
I/O 
Version 
Temperature 
Vec 


Commercial 
10K 
lOE 
O°Cto 
-5.2V ± 5% 


+75°C 


Commercial 
lOOK 
lOlE 
O°C to 
-4.2V to -5.46V 


+85°C 


lOE383-3 
101E383-3 


Parameters 
Description 
Test Conditions 
Temperature!2] 
Min. 
Max. 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
10E, RL = 50.0 to -2V 
TA = O°C 
-1000 
-840 
mV 


V1N= VIH Min. or V1L 
TA = +25°C 
-960 
-810 
mV 


Max. 
TA = +75°C 
-900 
-735 
mV 


10lE RL = 50.0 to -2Y, 
TA = 0°Ct085°C 
-1025 
-880 
mV 


V1N= VIHMax. or V1LMin. 


VOL 
Output WW 
Voltage 
10E, RL = 50.0 to -2V 
TA = O°C 
-1870 
-1665 
mV 


V1N= VIH Min. or V1L 
TA = +25°C 
-1850 
-1650 
mV 


Max. 
TA = +75°C 
-1830 
-1625 
mV 


10lE RL = 50.0 to -2V, 
TA = 0°Ct085°C 
-1810 
-1620 
mV 


V1N= VIHMin. or V1LMax. 


VIH 
Input HIGH Voltage 
lOE 
TA = O°C 
-1170 
-840 
mV 


TA = +25°C 
-1130 
-810 
mV 


TA = +75°C 
-1070 
-720 
mV 


101E 
TA = O°C t085°C 
-1165 
-880 
mV 


V1L 
Input WW 
Voltage 
lOE 
TA = O°C 
-1950 
-1480 
mV 


TA = +25°C 
-1950 
-1475 
mV 


TA = +75°C 
-1950 
-1450 
mV 


lOlE 
TA = 0°Ct085°C 
-1810 
-1475 
mV 


VBB 
Reference Voltage 
10E!3] 
TA = 0°Ct075°C 
-1.38 
-1.19 
V 


lOlE!3] 
TA = 0°Ct085°C 
-1.39 
-1.24 


Vem 
Com mon Mode Voltage 
±Vem with respect to V BB 
1.0 
1.0 
V 


Vdif, 
Input Voltage 
Required 
for 
Full 
Output 
150 
150 
mY 


Differential 
Swing 


IIH 
Input HIGH Current 
V1N - VIHMax. 
220 
220 
>LA 


IlL 
Input WW 
Current 
V1N - V1LMin. (Except 110 Pins) 
0.5 
0.5 
>LA 


RpD 
Pull-Down Resistor 
Connected to All ECLOutputs I TA = 0°Ct075°C 
1.6 
2.4 
kn 


I TA 
O°C to 85°C 
1.6 
2.4 


lEE 
Supply Current (All in- 
Commercial (Standard Power) 
-180 
-180 
mA 


puts and outputs open) 


CYIOE383 
CYIOIE383 


lOE383-3 
lO1E383-3 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Units 


VOH 
Output 
HIGH 
Voltage 
Vee = Min., 
IOH = -3.2 
mA 
2.4 
V 


VOL 
Output 
LOW 
Voltage 
Vee = Min., 
IOL = 16.0 mA 
0.5 
V 


VIH 
Input 
HIGH 
Voltagel41 
2.0 
V 


V1L 
Input 
LOW 
Voltage!4] 
0.8 
V 


VeD 
Input 
Clamp 
Diode 
Voltage 
IIN = -10 mA 
-1.5 
V 


Ios 
Output 
Short-Circuit 
Current 
Vee = Max., 
VOUT = 0.5V!5} 
-100 
-40 
mA 


IIX 
Input 
Load 
Currentl6] 
GND 
< V, < Vee 
-1600 
+20 
~ 


Ice 
Vee 
Operating 
Supply 
Current 
Vee = Max., 
loUT = 0 mA, 
90 
mA 


f = fmax. 


Parameters 
Description 
Test Conditions 
Max. 
Units 


C1N 
Input 
Capacitance 
TA = 25°C, 
f = 1 MHz, 
5 
pF 


COUT 
Output 
Capacitance 
Vee = 5.0V 
7 
pF 


TTL AC Test Load and Waveform(7) 
R1238!l. 


5V 


OUTPVT 
CLpFI 


INCLUDING 
JIG AND 
_ 
SCOPE 
- 


THEvENIN EQUIVALENT 
99!l. 
• 
ALL INPUT PULSES 
_m.11M. 


t, 
if-~% 


tf 


Notes: 
1. 
See AC Tesl Load and Waveform for lesl conditions. 
2. 
Commercial 
grade is specified as ambient temperature 
with transverse 


air flow greater 
than 500 linear feet per minute. 


3. 
Max. IDD = -1 mA. 
4. 
These are absolute values with respect 
to device ground. 
5. 
Not more than one output should be lested al a time. Duration 
of the 


short should not be more than one second. 
6. 
110 pin leakage is the worse case of IIX (where X = H or L). 
7. 
lest conditions assume 
signal transition times of 3 os or less, timing 


reference 
levels of 1.5 V, input pulse levels of 0 to 3.0V, and output 


loading of the specified IOLlloH, and CL = 10 pF. 


4. 
V1L = VIL Min., V'H = VIH Max. on 10KH version. 


5. 
V'L = -1.7V, VIH = -0.9Von 
101E version 


6. 
RL = son, CL < 5 pF (includes fixture and stray capacitance). 


7. 
All coaxial cables should be SOn with equal lengths. The delay ofthe 
coaxial cables should be l'nulled" out of the measurement. 


8. 
tr = tf = 0.7 ns 
9. 
All timing measurements 
are made from the 50% point of all wave- 


forms. 


CYIOE383 
CYIOIE383 


lOE383-3 
Test 
101E383-3 


Parameters 
Description 
Conditions 
Min. 
Max. 
Units 


tpLH 
Propagation 
Delay 
Time 
On to On 
4 
ns 


tpHL 
Propagation 
Delay 
Time 
On to On 
4 
ns 


t, 
Output 
Rise 
Time 
10% to 90% 
TBD 
TBD 
ns 


tf 
Output 
Fall Time 
10% to 90% 
TBD 
TBD 
ns 


lOE383 
Test 
101E383 


Parameters 
Description 
Conditions 
Min. 
Max. 
Units 


tpLH 
Propagation 
Delay 
Time 
On to On, On 
3 
ns 


tpHL 
Propagation 
Delay 
Time 
On to On, On 
3 
ns 


t, 
Output 
Rise 
Time 
20% 
to 80% 
0.5 
1.7 
ns 


tr 
Output 
Fall Time 
20% 
to 80% 
0.5 
1.7 
ns 


Switching 
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..¥.. 
1-.5-V-------------~ 
1.5V 


15V}= ~ ?__ ' 
5v 
t=_-lpHL=1~==== 


________~-5-0-o/c-O------------~-5-0-%---------- 


CYIOE383 


CYIOIE383 


Inputs 
Outputs 


ECLD. 
ECLD. 
TTLQ. 


Open 
Open 
L 


L 
H 
L 


H 
L 
H 


Supply Pin 
Single-Supply 
Dual-Supply 
System 
System 


TfLYcc 
+S.OY 
+S.OY 


TfLGND 
O.OY 
O.OY 


ECLYcc 
+S.OY 
O.OY 


ECLYEE 
O.OY 
-4.SY 


Supply Pin 
Single-Supply 
Dual-Supply 
System 
System 


TfLYcc 
+S.OY 
+S.OY 


TfLGND 
O.OY 
O.OY 


ECLYcc 
+S.OY 
O.OY 


ECLYEE 
O.OY 
-S.2Y 


Speed 
Package 
Operating 


(ns) 
Ordering 
Code 
1YJle 
Range 


3 
CYlOE383-3JC 
J 
Commerical 


CYIOIE383-3JC 
J 


Inputs 
Outputs 


TTLD. 
ECLQ. 
ECLQ. 


L 
L 
H 


H 
H 
L 


III 


~::~ 
-:3 CYPRESS 
F 
SEMICONDUCTOR 


Features 


• 
256 x 4--bit organization 
• 
Ultra high speed/standard 
power 
- tM = 3 ns 


- 
lEE = 220 mA 


• 
Low-power version 
-tM=5ns 
- 
In 
= 150 mA 


• 
Both 10KH/IOK- and lOOK-compat- 
ible I/O versions 
• 
10K/10KH military version 
• 
On-chip voltage compensation 
for im- 
proved noise margin 


• 
Open emitter output for ease of 
memory expansion 
• 
Industry-standard 
pinout 
Functional 
Description 


The Cypress CY10E422 and CY100E422 
are 256 x 4 ECL RAMs 
designed 
for 


scratch pad, control, 
and buffer storage 
applications. Both parts are fully decoded 
random 
access 
memories 
organized 
as 
1024 \\Ords by 4 bits. The CY10E422 is 
lOKHllOK compatible and is available in a 
military version .. The CY100E422 is lOOK 
compatible. 


CYIOE422 
CYIOOE422 


256 X 4 EeL 
Static RAM 
The fo~ independent 
active LOW block 


select (B) inputs control memory selection 
and allow for memory expansion and re- 
configuration. 
The read and write opera- 


tions are controlled by t~ 
state of the ~ 


tive ~W 
write enable (W) input. With W 


and Bx LOW, the corresponding 
data at 
Dx is written into the addressed location. 
To read, W is held HIGH, while B is held 
LOW. Open emitter outputs allow for wi- 
red-OR connection to expand or reconfi- 
gure the memory. 


Logic Block Diagram 


As 


1 


2 


3, 


S 
20 


6 lOE422 19 
7 
18 


8 
17 


9 
16 


10 
15 


11 
14 


12 
13 


Ao 
a: 
w> 
I 
a: 
A, 
0 
I 
a: 
I 
I 
I 
w 
A2 
0 
MEMORY CELL ARRAY 
0 
() 
I 
I 
I 
A3 


w 
I 
I 
I 
0 
;;= 
I 
I 
I 
A, 
0 
I 
I 
I 
a: 


10E422--4 
10E422-5 
10E422-7 


lOOE422-3.5 
lOOE422 5 
100E422-7 


Maximum Access Time (ns) 
3 
.•....>. 
5 
7 


lEE Max. (mA) 
Commercial 
220 
...... 
220 


L (Low Power) 
150 
150 


Military (lOK/lOKH only) 
150 
150 


CYIOE422 
CYIOOE422 


LCC 
Top View 
~~88~~ 
lalC»Clal 
.• 
~~8u 
8~ 
~ 
lalC>z>Clal 


21 
03 


20 
~3 


10E422 
19 
04 


100E422 
18 
03 


17 
A4 
16 
A3 


25 
03 


24 
~3 


23 
04 


22 
NC 


21 
OJ 


20 
A. 


19 
A3 


O2 
5 
82 
6 
0, 


NC 


O2 
9 
W 
10 


A5 
11 
laJ~a 
8 
<3 0 
lal 
> :f; 


Maximum Ratings 
Operating Range Referenced 
to Vcc 
(Above which the useful life may be impaired. 
Exposure to abso- 


lute maximum-rated 
conditions for extended penods may affect 


device reliability. For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 


Ambient Temperature 
with 


Power Applied 
- 55°C to + 125°C 


Supply Voltage VEEto Vcc 
- 7.0V to + 0.5V 


Input Voltage 
VEE to + 0.5V 


Output Current 
-50 mA 


Ambient 
Range 
I/O 
Temperature 
V•• 


Commercial 
lOKHl10K 
O°C to 75°C 
-5.2V ± 5% 


(Standard, L) 


Commercial 
lOOK 
aoc to + 85°C 
-4.5V ± 
(Standard, L) 
0.3V 


Military (L) 
lOKHllOK 
-55°C to + l25°C 
-5.2V ± 5% 


Case 


Parameters 
Description 
Test Conditions 
Temperature!l] 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
lOEl21 RL = 50n to -2V 
Tc = -55°C 
-1140 
-900 
mV 


VE' = -5.2V 
TA = O°C 
-1000 
-840 
mV 
V,N = V,H Max. or V'L Min. 


TA = +25°C 
-960 
-810 
mV 


TA = +75°C 
-900 
-735 
mV 


Tc = + 125°C 
-880 
-700 
mV 


lOOKRL = 50n to -2V, 
TA = O°C to 85°C 
-1025 
-880 
mV 


VE• = -4.sv, 
V,N = VlH Max. or V'L Min. 


VOL 
Output LOW Voltage 
10E RL = 50n to -2V 
Tc = -55°C 
-1920 
-1670 
mV 


VE• = -5.2V, 
TA = +O°C 
-1870 
-1665 
mV 
V'N = VlH Max. or V,L Min. 


TA = +25°C 
-1850 
-1650 
mV 


TA = +75°C 
-1830 
-1625 
mV 


Tc = +125°C 
-1830 
-1610 
mV 


lOOKRL = 50n to -2V, 
TA = O°C to 85°C 
-1810 
-1620 
mV 


V•• = -4.5V, 
V,N = VlH Max. or V'L Min. 


• 


CYIOE422 
CYIOOE422 


Parameters 
Description 
Test Conditions 
Temperaturel21 
Min. 
Max. 
Units 


Vm 
Input 
HIGH 
Voltage 
10E 
Tc = -55°C 
-1260 
-900 
mV 


VEE = -5.2V 
TA = O°C 
-1170 
-840 
mV 


TA = 
+25°C 
-1130 
-810 
mV 


TA = 
+75°C 
-1070 
-720 
mV 


Tc = 
+ 125°C 
-1030 
-700 
mV 


lOOK V EE = -4.5V 
TA = O°C to 85°C 
-1165 
-880 
mV 


V1L 
Input 
LOW 
Voltage 
lOE 
Tc = -55°C 
-1950 
-1540 
mV 


VEE = -5.2V 
TA = O°C 
-1950 
-1480 
mV 


TA = 
+25°C 
-1950 
-1475 
mV 


TA = 
+75°C 
-1950 
-1450 
mV 


Tc = 
+ 125°C 
-1950 
-1450 
mV 


lOOK V EE = -4.5V 
TA = O°C to 85°C 
-1810 
-1475 
mV 


1m 
Input 
HIGH 
Current 
VIN = Vm Max. 
220 
~A 


IlL 
Input 
LOW 
Current 
VIN = V1LMin. 
B inputsl3] 
0.5 
170 
~A 


All other 
inputs 
-50 


lEE 
Supply 
Current 
(All 
in- 
Commercial/Military 
L (Low 
Power) 
-150 
mA 


puts 
and outputs 
open) 
Commercial 
Standard 
-220 
mA 


Parameters 
Description 
Typ. 
MaxY) 
Units 


C'N 
Input 
Pin Capacitance 
4 
5 
pF 


COUT 
Output 
Pin Capacitance 
5 
6 
pF 


ALL INPUT PULSES 


Vcc 
V1H 
ro%rr' 
~~% 


INPUT 
Dour 


RLrc 


V1L 
VEE 


t, 
t, 
0.01 ~F! 
-2.0V 
VEE 


E422-7 
E422-B 


Notes: 
1. 
Commercial 
grade is specified 
as ambient temperature 
with transverse 
air flow grealer 
than 500 linear feet per minute. Military grade is spe- 


Cified as case temperature. 
2. 
IDE specifications 
support 
both 10K and IOKH compatibility. 


3. 
B inputs have pull-down 
resistors, all other inputs do not have pull- 
downs. The value of the resistors is nomimally 50 kn, 
so the B inputs 
are active when left floating. 


4. 
Tested initially and after any design or process changes that may affect 
these parameters. 
5. 
For all packages except cerDIP 
(D40), which has maximums of 


C'N = 8 pF, COUT 
= 9 pF. 


6. 
V1L = VIL Min., VIH = VIII Max. on IOE version. 


7. 
V1L = -1,7V, VIH = -0.9Von 
lOOK version. 


8. 
RL = son, 
C < 5 pF (3-ns grade) or < 30 pF (5-, 7-ns grade). In- 
cludes fixture and stray capacitance. 


9. 
All coaxial cables should be SOn with equal lengths. The delay of the 
coaxial cables should be "nulled" out of the measurement. 


10. t, = t, = 0.7 ns. 
11. All timing measurements 
are made from the 50% point of all wave- 


forms. 


CYIOE422 
CYIOOE422 


Parameters 
Description 


tABS 
Block 
Select 
to Output 
Delay 


tRBS 
Block 
Select 
Recovery 


tAA 
Address 
Access 
Time 


tw 
Write 
Pulse 
Width 


twso 
Data 
Set-Up 
to Write 


tWHO 
Data 
Hold 
to Write 


tWSA 
Address 
Set-Up/Write 


tWHA 
Address 
Hold/Write 


twsBS 
Block 
Select 
Set-Up/Write 


tWHBS 
Block 
Select 
Hold/Write 


tws 
Write 
Disable 


tWR 
Write 
Recovery 


tr 
Output 
Rise 
Time 


tf 
Output 
Fall Time 


Parameters 
Description 


tABS 
Block 
Select 
to Output 
Delay 


tRBS 
Block 
Select 
Recovery 


tAA 
Address 
Access 
Time 


tw 
Write 
Pulse 
Width 


twso 
Data 
Set-Up 
to Write 


tWHO 
Data 
Hold 
to Write 


twSA 
Address 
Set-Up/Write 


tWHA 
Address 
Hold/Write 


tWSBS 
Block 
Select 
Set-Up/Write 


tWHBS 
Block 
Select 
Hold/Write 


tws 
Write 
Disable 


tWR 
Write 
Recovery 


tr 
Output 
Rise 
Time 


tf 
Output 
Fall Time 


lOE422-5 
lOE422-7 
lOOE422-5 
lOOE422-7 


Min. 
Max. 
Min. 
Max. 
Units 


0.5 
3.0 
0.5 
4.0 
ns 


0.5 
3.0 
0.5 
4.0 
ns 


1.2 
5.0 
1.2 
7.0 
ns 


3.5 
5.0 
ns 


0.5 
1.0 
ns 


1.0 
1.0 
ns 


0.5 
1.0 
ns 


1.0 
1.0 
ns 


0.5 
1.0 
ns 


1.0 
1.0 
ns 


0.3 
3.5 
0.3 
4.0 
ns 


0.5 
3.5 
0.5 
8.0 
ns 


0.35 
2.5 
1.0 
2.5 
ns 


0.35 
2.5 
1.0 
2.5 
ns 


lOE422-7 


Min. 
Max. 
Units 


0.5 
4.0 
ns 


0.5 
4.0 
ns 


1.2 
7.0 
ns 


5.0 
ns • 


1.0 
ns 


1.0 
ns 


1.0 
ns 


1.0 
ns 


1.0 
ns 


1.0 
ns 


0.3 
4.0 
ns 


0.5 
8.0 
ns 


1.0 
2.5 
ns 


1.0 
2.5 
ns 


CYIOE422 
CYIOOE422 


Switching Waveforms 


Read Mode 
P-tA~t 
________ 
......::2~O~ ~% 


t, 


-~====-==-==-==-~---:---- 


_________ 
....:.._t_ 


AA 


-- -==----- --------*===== 
-;:~;:;_:_-------------------------------------..:E4~2::2~9- 
Write Mode 


tWSD 


tWSA 


CY10E422 
CY100E422 


NORMALIZED 
SUPPLY CURRENT 


\'S. SUPPLY VOLTAGE 
1.2 


.---~ 


.--.--.-- 


NORMALIZED 
SUPPLY CURRENT 


\'S. AMBIENT 
TEMPERATURE 


1.1 


1.1 
w 
.!!' 
0 
1.0 
w 
N:J 0.9 
« 
::<a:0 0.8 
z 


0.7 


w 1.01===-+--===1 
.!!' 
o~ 0.91-----+-------1 
:J« 
~ 0.81-----+-------1 
oz 


-55 
25 
125 


AMBIENT 
TEMPERATURE 
(0C) 


NORMALIZED 
ACCESS TIME 


\'S. AMBIENT 
TEMPERATURE 


1.3 


NORMALIZED 
ACCESS TIME 


\'S. SUPPLY VOLTAGE 
1.2,...----,----r--"'T'""---, 


.,;: 1.2 


fa 
1.1 
N:J« 1.0 
::<a: 
~ 
0.9 


$ 1.1 


0 
w 
1.0 
N:J« 
::< 0.9 
a:0z 
0.8 


-55 
25 
125 


AMBIENT 
TEMPERATURE 
(0C) 
4.5 
5.0 
5.5 


SUPPLY VOLTAGE M 


Inputs 
Output 


Bx 
W 
Ox 
Qx 
Mode 


H 
X 
X 
L 
Disabled 


L 
L 
H 
L 
Write H 


L 
L 
L 
L 
Write L 


L 
H 
X 
Out 
Read 


CYIOE422 
CYIOOE422 


Ordering Information 


lEE 
tM 
(mA) 
(os) 


lOE(12) 
220 


Package 
Operating 
TYpe 
Range 


Commercial 


CY lOE422L-7LC 


CY lOE422L-7DC 


CYIOE422L-7JC 


CY lOE422L-7KC 


CYIOE422L-7DMB 


CYIOE422L-7KMB 


CYlOE422L-7YMB 


CY lOOE422L-7LC 


CY lOOE422L-7DC 


CYlOOE422L-7JC 


CY lOOE422L-7KC 


Notes: 
12. lOE specifications 
support 
both 10K and lOKH compatibility. 
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iF 
SEMICONDUCTOR 


Features 


• 
4096 x I-bit 
organization 
• 
Higb speed/low power 
-tM = 5 ns 


- 
lEE = 200 mA 


• 
Both lOK- and lOOK-compatible ver- 
sions 
• 
On-chip voltage compensation 
for im- 


proved noise margin 


• 
Open emitter output for ease of 
memory expansion 


• 
Industry-standard 
pinout 


Ao 
a: 
w 


A1 
>a: 


A2 
~ 
w 
MEMORY 
CELL ARRAY 


A3 
§ 
w 
Cl 
~ 
~ 
As 


CYIOE470 


CYIOOE470 


Functional Description 


The Cypress CYIOE470 and CYlOOE470 
are ECL RAMs designed for scratch pad, 
control, and buffer storage applications. 
Both parts are fully decoded random ac- 
cess memories organized as 4096 words by 
1 bit. The CYlOE470 is lOK-eompatible. 
The CYlOOE470 is lOOK-eompatible. 


The active LOW chip select (8) input con- 
trols memory 
selection 
and 
allows for 


memory expansion. 
The read and write 


operations 
are controlled 
by th£...state of 


the active LOW write enable (W) input. 
With Vi and 8 LOW, the data at D is writ- 
ten into the addressed location. To read, Vi 
is held HIGH, while 8is held LOW. Open 
emitter outputs allow for wired-OR 
con- 


nection in order to expand the memory. 


IOE47o-S 
lOE470-7 


lOOE47o-S 
lOOE470-7 


Maximum Access Time (ns) 
5 
7 


lEE Max. (mA) 
. 
200 
200 


Maximum 
Ratings 


(Above which the useful life may be impaired. Exposure to absolute maximum rated conditions for extended periods may affect device 
reliability. For uscr guidelines. not tested.) 


Storage Temperature 
.. - 65°C to + 150°C 
Operating 
Range referenced to Vcc 
Ambient Temperature 
with 


Power Applied 
..... 
-55°C to + 125°C 


Supply Voltage VEE to Vcc 
. 
-7.0V to +0.5V 
Input Voltage 
VEE to +0.5V 


Output Current. 
. . . . . . . . . . . . . . . . . . . . . . . 
. ... 
-50 mA 


Ambient 
Range 
Version 
Temperature 
Vr• 


Commercial 
lOE 
O°C to + 75°C 
-5.2V ± 5% 


Commercial 
100E 
O°C to + 85°C 
-4.5V ± O.3V 


Parameters 
Description 
Test Conditions 
Temperaturell! 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
10E RL = 50n to -2V 
TA = O°C 
-1000 
-840 
mV 


VEE = -5.2V 
TA = +25°C 
-960 
-810 
mV 
V1N= V1HMax. or V1LMin. 
TA = +75°C 
-900 
-720 
mV 


lOOKRL = 50n to -2V 
TA = O°C to 85°C 
-1025 
-880 
mV 


VEE = -4.5V 
V1N= V1HMax. or V,L Min. 


VOL 
Output LOW Voltage 
10E RL = 50n to -2V 
TA = O°C 
-1870 
-1665 
mV 


VEE = -5.2V 
TA = +25°C 
-1850 
-1650 
mV 
V1N= VIHMax. or V1LMin. 
TA = +75°C 
-1830 
-1625 
mV 


lOOKRL = 50n to -2V 
TA = O°C to 85°C 
-1810 
-1620 
mV 


VEE -4.5V 
V1N= VIHMax. or V1LMin. 


VIH 
Input HIGH Voltage 
10E 
TA = O°C 
-1145 
-840 
mV 


VEE = -5.2V 
TA = +25°C 
-1105 
-810 
mV 


TA = +75°C 
-1045 
-720 
mV 


lOOKV EE = -4.5V 
TA = O°C to 85°C 
-1165 
-880 
mV 


V,L 
Input LOW Voltage 
lOE 
TA = O°C 
-1870 
-1490 
mV 


VEE = -5.2V 
TA = +25°C 
-1850 
-1475 
mV 


TA = +75°C 
-1830 
-1450 
mV 


lOOKV EE = -4.5V 
TA = O°C to 85°C 
-1810 
-1475 
mV 


IIH 
Input HIGH Current 
V,N = V1HMax. 
220 
J.lA 


I'L 
Input LOW Current 
V1N= V1LMin. 
S inputs 
0.5 
170 
J.lA 


All other inputs 
-50 
J.lA 


lEE 
Supply Current 
Commercial 
-200 
mA 


(All inputs and outputs open) 


Parameters 
Description 
Min. 
1)'p. 
Max. 
Units 
C1N 
Input Pin Capacitance 
4 
pF 
COUT 
Output Pin Capacitance 
6 
pF 


Notes: 
1. 
Commerical grade is specified as ambient temperature with transverse 
2. 
Tested initially and after any design or process changes that may affect 


air flow greater than 500 linear feet per minute. 
these parameters. 


CYIOE470 


CYI00E470 


AC Test Loads and Waveforms!3, 
4, 5, 6, 7, 8] 


GND 
:::-~ 


r 


Ix% 
I 1'_2_o_% 
_ 


t, 


1OE476-S 
lOE470-7 
lOOE476-S 
lOOE470-7 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Units 


tAc 
Input to Output Delay 
3.0 
3.5 
ns 


tRC 
Chip Select Recovery 
3.0 
3.5 
ns 


tAA 
Address Access Time 
5.0 
7.0 
ns 


tww 
Write Pulse Width 
5,0 
7.0 
ns 


tso 
Data Set-Up to Write 
0 
0 
ns 


tHO 
Data Hold to Write 
0 
0 
ns 


tSA 
Address Set-Up/Write 
0 
1.0 
ns 


tHA 
Address Hold/Write 
0 
1.0 
ns 


tsc 
Chip Select Set-Up/Write 
0 
0 
ns 


tHC 
Chip Select Hold/Write 
0 
0 
ns 


tws 
Write Disable 
3.0 
3.5 
ns 


tWR 
Write Recovery 
5.0 
8.0 
ns 


t, 
Output Rise Time 
1.0 
2.5 
1.0 
2.5 
ns 


te 
Output Fall Time 
1.0 
2.5 
1.0 
2.5 
ns 


Notes: 
3. 
V1L = VCLMin .• VIH = VIH Max. on IOE version. 
4. 
V1L = -1.7V; VIH = -O.9Von 
lOOK version. 
5. 
RL = 50n, C < 30 pF (includes fixture and stray capacitance). 


6. 
All coaxial cables should be 50n with equal lengths. The delay of the 
coaxial cables should be "nulled" 
out of the measurement. 


7. 
t, = t, = 0.7 ns. 


8. 
All timing measurements 
are made from the 50% point of all wave- 


forms. 


CYIOE470 
CYIOOE470 


__ 
~_..=_-==--~=-_-=-=-=--=tAA 
====~~~*-I 
=-~_=-= 


Inputs 
Output 


S 
W 
D 
Q 
Mode 


H 
X 
X 
L 
'Disabled 
L 
L 
H 
L 
Write"H" 


L 
L 
L 
L 
Write 
u~' 


L 
H 
X 
DouT 
Read 


H = High Voltage Level 
L = Low Voltage Level 
X = Don't Care 


CYI0E470 
CYI00E470 


lEE 
tM 
Package 
Operating 
I/O 
(mA) 
(ns) 
Ordering Code 
'JYpe 
Range 


10K 
200 
5.0 
CYIOE470-5DC 
D4 
Commercial 


7.0 
CYlOE470-IDC 
D4 


lOOK 
200 
5.0 
CYlooE470-5DC 
D4 
Commercial 


7.0 
CYlooE470-IDC 
D4 


• 
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CYIOE474 


CYIOOE474 


Features 


• 
1024 x 4-bit organization 


• 
Ultra high speed/standard 
power 
-tM 
= 3.5 ns 
-lEE 
= 275 mA 


• 
Low-power version 
-tM = 5 ns 


-lEE = 190 mA 


• 
Both 10KH/lOK- and lOOK-compat- 
ible 1/0 versions 
• 
10K/IOKH military version 


• 
Capable of withstanding 
>2001V ESD 


• 
On-chip voltage compensation 
for im· 
proved noise margin 
• 
Open emitter output for ease of 
memory expansion 
• 
Industry-standard 
pinout 
Functional Description 


The Cypress CY10E474 and CY100E474 
are lk x 4 ECL RAMs designed for scratch 
pad, control, and buffer storage applica- 
tions. These RAMs are developed by As- 
pen Semiconductor Corporation, 
a subsid- 
iary of Cypress Semiconductor. Both parts 
are fully decoded random 
access memo- 


ries organized as 1024words by 4 bits. The 


1024 X 4 EeL 


Static RAM 


CYlOE474 is lOKHJlOKcompatible and is 
available 
in 
a 
military 
version.. 
The 


CY100E474 is lOOKcomptaible. 


The active LOW chip select (S) input con- 
trols 
memory 
selection 
and 
allows for 


memory expansion. The read and write 
operations 
are controlled 
by the state of 
the ailive LQW write enable (W) input. 
With Wand 
S LOW, the data at D(l-4) is 


written 
into the addressed 
location. 
To 
read, W is held HIGH 
while S is held 


LOW. Open 
emitter 
outputs 
allow for 
wired-OR 
connection 
to 
expand 
the 


memory. 
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lOE474-5 
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100E474-3.5 
100E474-5 
100E474-7 
Maximum Access Time (ns) 
3.5/4 
5 
7 


lEE Max. (mA) 
Commercial 
275 
275 


L 
190 
190 


Military (IOK/IOKH only) 
190 
190 


CYIOE474 
CYIOOE474 
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Maximum 
Ratings 
Operating 
Range Referenced 
to Vee 


(Above which the useful life may be impaired. 
Exposure to abso- 


lute maximum rated conditions for extended penods 
may affect 
device reliability. For user guidelines, not tested.) 


Storage Temperature 
-65°C 
to + 150°C 


Ambient Temperature 
with 
Power Applied 
- 55°C to + 125°C 
Supply Voltage V EE to Vee 
- 7.0V to + 0.5V 
Input Voltage 
VEE to + 0.5V 
Output Current 
-50 mA 


Ambient 


Range 
I/O 
Temperature 
VEE 


Commercial 
lOKHIlOK 
O°C to 75°C 
-5.2V ± 5% 


(Standard, L) 


Commercial 
lOOK 
DOC to + 85°C 
-4.5V ± 
(Standard, L) 
O.3V 


Military (L) 
10KH/10K 
-55°C to 
-5.2V ± 5% 


+ 125°C Case 


Parameters 
Description 
Test Conditions 
TemperaturellJ 
Min. 
Max. 
Units 


VOH 
Output HIGH Voltage 
lOE12)RL = 50.0 to -2V 
Te = -55°C 
-1140 
-900 
mV 


VEE = -5.2Y, Vee = VeeA = GND 
TA = O°C 
-1()()() 
-840 
mV 
V,N = VIH Max. or V'L Min. 
TA = +25°C 
-960 
-810 
mV 


TA = +75°C 
-900 
-735 
mV 


Te = +l25°C 
-880 
-700 
mV 


lOOKRL = 50.0 to -2Y, 
TA = O°C to 85°C 
-1025 
-880 
mV 


VEE = -4.5Y, Vee = VeeA = GND 
V,N = VIH Max. or V'L Min. 


VOL 
Output LOW Voltage 
lOE RL = 50.0 to -2V 
Te = -55°C 
-1920 
-1670 
mV 


VEE = -5.2V, Vee = VeeA = GND 
TA = +O°C 
-1870 
-1665 
mV 
V'N = VIH Max. or V'L Min. 
TA = +25°C 
-1850 
-1650 
mV 


TA = +75°C 
-1830 
-1625 
mV 


Te = +l25°C 
-1830 
-1610 
mV 


lOOKRL = 50.0 to -2Y, 
TA = O°C to 85°C 
-1810 
-1620 
mV 


VEE = -4.5Y, Vee = VeeA = GND 
V,N = VIH Max. or V'L Min. 


CYIOE474 
CYIOOE474 


Parameters 
Description 
Test Conditions 
Temperaturei'I 
Min. 
Max. 
Units 


VIH 
Input 
HIGH 
Voltage 
10E 
Tc = -55°C 
-1260 
-900 
mV 


VEE = -5.2V 
TA = O°C 
-1170 
-840 
mV 
Vcc 
= VCCA = GND 


TA = 
+25°C 
-1130 
-810 
mV 


TA = 
+75°C 
-1070 
-720 
mV 


Tc = 
+ 125°C 
-1030 
-700 
mV 


lOOK V EE = -4.5V 
TA = O°C to 85°C 
-1165 
-880 
mV 


V1L 
Input 
LOW 
Voltage 
lOE 
Tc = -55°C 
-1950 
-1540 
mV 


VEE = -5.2V 
TA = O°C 
-1950 
-1480 
mV 
Vcc = VCCA = GND 
TA = 
+25°C 
-1950 
-1475 
mV 


TA = 
+75°C 
-1950 
-1450 
mV 


Tc = 
+125°C 
-1950 
-1450 
mV 


lOOK V EE = -4.5V 
Tc = O°C to 85°C 
-1810 
-1475 
mV 


Vcc = VCCA = GND 


IIH 
Input 
HIGH 
Current 
V'N = V,H Max. 
220 
J.l.A 


I'L 
Input 
LOW 
Current 
V'N = V'L Min. 
S inputs 
0.5 
170 
J.l.A 


All other 
inputs 
-50 


lEE 
Supply 
Current 
(All 
in- 
Commercial/Military 
Standard 
L (Low 
Power) 
-190 
mA 


puts 
and outputs 
open) 
Commercial 
Standard 
-275 
mA 


Parameters 
Description 
lYP· 
Max.'4) 
Units 


C'N 
Input 
Pin Capacitance 
4 
5 
pF 


COuT 
Output 
Pin Capacitance 
5 
6 
pF 


ALL INPUT PULSES 


Vcc 
V1H 
1100. 
1f 


INPUT 
DoUT 


RLrc 


V1L 
VEE 


20"10 
20"10 


t, 
tf 


0.01 
J.l.F! 
-2.0V 
VEE 


E474-7 
E474-8 


Notes: 
1. 
Commercial 
grade is specified as ambient temperature 
with transverse 
air flow greater than 500 linear feet per minute. Military grade is spe- 
cified as case temperature. 
2. 
10E specifications 
support 
both 10K and 10KH compatibility. 


3. 
Tested initially and after any design or process changes that may affect 
these parameters. 


4. 
For all packages except cerOIP 
(040), 
which has maximums of 


C'N = 8 pF, CoUT = 9 pF. 


5. 
V'L = V'L Min., VIH = VIH Max. on 10E version. 


6. 
V'L = -1.7V, V'H = -0.9Von 
lOOK version. 
7. 
RL = son, C < 5 pF (3.5/4-ns grade) or < 30 pF (5-, 7-ns grade). 
Includes fixture and stray capacitance. 


8. 
All coaxial cables should be SOn with equal lengths. The delay of the 
coaxial cables should be "nulled" 
out of the measurement. 


9. 
t, = tf = 0.7 ns. 
10. All timing measurements 
are made from the 50% point of all wave- 


forms. 


CYIOE474 


CYIOOE474 


lOOE474-3.S 
lOE474-4 
lOE474-S 
lOE474-7 


lOOE474-S 
lOOE474-7 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tAc 
Input to Output Delay 
2.5 
2.5 
0.5 
3.0 
0.5 
5.0 
ns 


tRC 
Chip Select Recovery 
2.5 
2.5 
0.5 
3.0 
0.5 
5.0 
ns 


tAA 
Address Access Time 
3.5 
4.0 
1.2 
5.0 
1.2 
7.0 
ns 


tww 
Write Pulse Width 
5.0 
5.0 
5.0 
5.0 
ns 


tso 
Data Set-Up to Write 
0 
0 
0 
0 
ns 


tHO 
Data Hold to Write 
0 
0 
0 
1.0 
ns 


tSA 
Address Set-Up/Write 
0 
0 
0 
1.0 
ns 


tHA 
Address Hold/Write 
0 
0 
0 
1.0 
ns 


tsc 
Chip Select Set-Up/Write 
0 
0 
0 
0 
ns 


tHC 
Chip Select Hold/Write 
0 
0 
0 
1.0 
ns 


tws 
Write Disable 
0.3 
2.5 
0.3 
2.5 
0.3 
3.0 
0.3 
6.5 
ns 


tWR 
Write Recovery 
0.5 
3.5 
0.5 
3.5 
0.5 
5.0 
0.5 
7.0 
ns 


t, 
Output Rise Time 
0.35 
1.5 
0.35 
1.5 
0.35 
2.5 
1.0 
2.5 
ns 


tf 
Output Fall Time 
0.35 
1.5 
0.35 
1.5 
0.35 
2.5 
1.0 
2.5 
ns 


lOE474-S 
lOE474-7 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Units 


tAc 
Input to Output Delay 
0.5 
4.0 
05 
5.0 
ns 


tRC 
Chip Select Recovery 


-- 
0.5 
4.0 
0.5 
5.0 
ns 


tAA 
Address Access Time 
1.2 
5.0 
1.2 
7.0 
ns 


tww 
Write Pulse Width 
5.0 
5.0 
ns 


tso 
Data Set-Up to Write 
0 
0 
ns 


tHO 
Data Hold to Write 
1.0 
1.0 
ns 


tSA 
Address Set-Up/Write 
1.0 
1.0 
ns 


tHA 
Address Hold/Write 
1.0 
1.0 
ns 


tsc 
Chip Select Set-Up/Write 
0 
0 
ns 


tHC 
Chip Select Hold/Write 
1.0 
1.0 
ns 


tws 
Write Disable 
0.3 
4.0 
0.3 
6.5 
ns 


tWR 
Write Recovery 
0.5 
5.0 
0.5 
7.0 
ns 


t, 
Output Rise Time 
1.0 
2.5 
1.0 
2.5 
ns 


tr 
Output Fa)) Time 
1.0 
2.5 
1.0 
2.5 
ns 


- 
~50% 
5O%~~ 


5O%~ 
50%~ " 
50% ( 
5O%~" 


, 


tHO 


tso 
~ ~5O% 
50% 
-tHA- 
-tSA 
tww 
tHe 


tsc 
~ 
~',C 


f4- 
tws 
tWR 


CYIOE474 
CYIOOE474 


NORMALIZED 
SUPPLY CURRENT 


••. SUPPLY VOLTAGE 
1.2 


w~a 
1.0 
w 
N 
::J« 
0.9 


::;;: 
a: 
~ 
0.8 


NORMALIZED 
ACCESS TIME 
••. AMBIENT 
TEMPERATURE 
1.3 


« 1.2 
:I- 


@ 
1.1 
N 
::J« 1.0 
::;;: 
a: 
~ 
0.9 


-55 
25 
125 


AMBIENT 
TEMPERATURE 
(0C) 


Inputs 
Output 


S 
W 
D 
Q 
Mode 


H 
X 
X 
L 
Disabled 


L 
L 
H 
L 
WriteH 


L 
L 
L 
L 
WriteL 


L 
H 
X 
DouT 
Read 


NORMALIZED 
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••. AMBIENT 
TEMPERATURE 
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::J« 
~ 081-----+------1 
az 
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25 
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AMBIENT 
TEMPERATURE 
(0C) 
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••. SUPPLY VOLTAGE 
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« 1.1 
:f- 
a 
w 
1.0 
N 
::J« 
::;;: 0.9 
a:0 
Z 
0.8 


4.5 
5.0 
5.5 


SUPPLY 
VOLTAGE 
M 


CYIOE474 
CYIOOE474 


I/O 
lEE 
tM 
Package 
Operating 
(mA) 
(ns) 
Ordering Code 
Type 
Range 


lOOK 
275 
3.5 
CYlooE474-3.5LC 
1.63 
Commercial 


CYlooE474-3.5YC 
Y64 


CYlooE474-3.5KC 
K63 


5 
CYlooE474-5LC 
1.63 


CYlooE474-5DC 
D40 


CYlooE474-5YC 
Y64 


CYlooE474-5KC 
K63 


190 
5 
CYlooE474L-5LC 
1.63 
Commercial 


CYlooE474L-5DC 
D40 


CYlooE474L-5JC 
J64 


CYlooE4741r5KC 
K63 


7 
CY looE474L-7LC 
1.63 


CYlooE474L-7DC 
D40 


CYlooE474L-7JC 
J64 


CYlooE474L-7KC 
K63 
lOElll) 
275 
4 
CYlOE474-4LC 
1.63 
Commercial 


CYlOE474-4YC 
Y64 


CYlOE474-4KC 
K63 


5 
CYlOE474-5LC 
1.63 


CYlOE474-5DC 
D40 


CYlOE474-5YC 
Y64 


CYlOE474-5KC 
K63 


190 
5 
CY 10E474L-5LC 
1.63 
Commercial 


CYlOE474L-5DC 
D40 


CYlOE474L-5JC 
J64 


CYlOE474L-5KC 
K63 


CYlOE474L-5DMB 
D40 
Military 


CYlOE474L-5KMB 
K63 


CYlOE474L-5YMB 
Y64 


7 
CYlOE474L-7LC 
1.63 
Commercial 


CYlOE474L-7DC 
D40 


CYlOE474L-7JC 
J64 


CYlOE474L-7KC 
K63 


CYlOE474L-7DMB 
D40 
Military 


CYlOE474L-7KMB 
K63 


CYlOE474L-7YMB 
Y64 


Notes: 
II. 
IOE specifications 
support 
both 10K and lOKH compatibility. 
Document 
#: 38-A-QOoo4-C 


~.....~ 
ADVANCED 
INFORMATION 


"fjj CYPRESS 
F 
SEMICONDUCTOR 


Features 


• 
4096 x 4-bit organization 
• 
Ultra high speed/standard 
power 
- 
tM = 7 ns 


-lEE = TBD 
mA 


• 
Low-power version 
- 
tM = 7,10 ns 


-lEE = 200 mA 


• 
Both 10KH/lOK- and lOOK-compat- 
ible 1/0 versions 
• 
On-chip voltage compensation 
for im- 
proved noise margin 


• 
Open emitter output for ease of 
memory expansion 
• 
Industry-standard 
pinout 
Functional 
Description 


The Cypress CYlOIE484, CYlOE484, and 
CYlOOE484 are 4K x 4 ECL RAMs de- 
signed for scratch pad, control, and buffer 
storage applications. These parts are fully 
decoded 
random 
access memories 
orga- 
nized 
as 
4096 words 
by 
4 
bits. The 
CYlOE484 is lOKH/lOK compatible. The 
CYlOOE484 is lOOKcompatible, 
and the 
CYI01E484 
is lOOK compatible 
with a 
-5.2V supply. 


Pin Configurations 


CerDlP 
Top View 


CYIOIE484 


CYIOE484 


CYIOOE484 


4096 X 4 EeL 


Static RAM 
The active LOW chip select (S) input con- 
trols memory 
selection 
and 
allows for 


memory expansion. 
The read and write 


operations 
are controlled 
by th~state 
of 


the aqi.ve LQ.W write enable (W) input. 
With Wand 
S LOW, the data at D(1-4)is 


written 
into the addressed 
location. To 


read, W is held HIGH 
while S is held 


LOW 
Open 
emitter 
outputs 
allow for 


wired-OR 
connection 
to 
expand 
the 


memory. 
The 
devices 
are packaged 
in 


28-pin cerDIPs, PLeCs, 
and rectangular 


cerpacks in the high-performance 
center 


power-ground 
version pin configurations. 


PLCC 
Top View 


04030201 
S W NC 


23 
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101E484 
10E484 
100E484 


101E484-7 
IOlE484-10 
lOE484-7 
IOE484-10 


100E484-7 
100E484-10 


Maximum Access Time (ns) 
7 
10 


lEE Max. (mA) 
I Commercial 
TBD 


IL 
200 
200 


CYIOIE484 
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Inputs 
Output 


S 
W 
D 
Q 
Mode 


H 
X 
X 
L 
Disabled 


L 
L 
H 
L 
WriteH 


L 
L 
L 
L 
Write L 


L 
H 
X 
DouT 
Read 
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CYIOOE494 
CYIOIE494 
~_.~ 
":jE 
CYPRESS 
F 
SEMICONDUCTOR 


Features 


• 
16,384 x 4 bits organization 


• 
Ultra high speed/standard 
power 


- tAA = 7 ns 


- 
lEE = 180 mA 


• 
Low-power version 
- 
tAA = 12 ns 


- 
lEE = 13S mA 


• 
Both 10KH/I0K- 
and lOOK-compat- 
ible I/O versions as weIl as lOOKwith 
10K supplies 
• 
On-chip voltage compensation 
for im- 
proved noise margin 


• 
Open emitter output for ease of 
memory expansion 
• 
Industry-standard 
pinout 
Functional Description 


The Cypress CY10E494, CY100E494, and 
CY101E494 are 16K x 4 ECL RAMs de- 
signed for scratch pad, control, and buffer 
storage applications. Both parts are fully 
decoded 
random 
access memories 
orga- 
nized 
as 16,384 words by 4 bits. The 
CY10E494 is lOKH/lOK compatible, the 
CYlOOE494 is lOOKcompatible, 
and the 


16,384 X 4 EeL 


Static RAM 
CY101E494 has lOOK-compatible levels 
with a -5.2V supply voltage. 


The active LOW chip select (8) input con- 
trols memory 
selection 
and 
allows for 


memory expansion. 
The read and write 


operations 
are controlled 
by th~_state of 


the active LOW write enable CW) input. 
With Wand 
S LOW, the data at 0(1-4) is 


written 
into the addressed 
location. To 


read, W is held HIGH 
while S is held 


LOW. Open 
emitter 
outputs 
allow for 


wired-OR 
connection 
to 
expand 
the 


memory. 
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10E494-7 
10E494-8 
lOE494-10 
10E494-12 


101E494-7 
101E494-8 
101E494-10 
100E494-12 


Maximum Access Time (ns) 
7 
8 
10 
12 


Maximum, lEE (mA) 
I Commercial 
180 
180 
180 


I L 
135 


CYIOE494 
CYIOOE494 
CYIOIE494 


D, 


D2 


D3 
D. 
0, 
°2 
VCC 
VCCA 
°3 
0. 
Ao 
Al 


A2 


A3 


Maximum 
Ratings 
Operating 
Range Referenced 
to Vcc 
(Above which the useful life may be impaired. 
Exposure to abso- 


lute maximum rated conditions for extended penods may affect 
device reliability. For user guidelines, not tested.) 


Storage Temperature 
- 65°C to + 150°C 


Ambient Temperature 
with 


Power Applied 
- 55°C to + 125°C 


Supply Voltage VEE to Vcc 
- 7.0V to +0.5V 


Input Voltage 
VEE to + 0.5V 


Output Current 
-50 mA 


Ambient 
Range 
Version 
Temperature 
Vcc 


Commercial 
lOE 
O°C to + 75°C 
-5.2V ± 5% 


(Standard, L) 


Commercial (L) 
100E 
DOCto + 85°C 
-4.5V ± 0.3V 


Commercial 
lOlE 
DOCto + 75°C 
-5.2V ± 5% 


(Standard) 


Parameters 
Description 
Test Conditions 
TemperatureIJ] 
Min. 
Max, 
Units 


VOH 
Output HIGH Voltage 
lOE(2)RL = son to -2V 
TA = O°C 
-1000 
-840 
mV 


VEE = -5.2V 
TA = +25°C 
-960 
-810 
mV 
VIN = Vm Max. or VIL Min. 
TA = +75°C 
-900 
-735 
mV 


lODERL = son to -2V, 
TA = O°C to 85°C 
-1025 
-880 
mV 


VEE = -4.sv, lOlEl3]VEE = -5.2V 
VIN = VJH Max. or VILMin. 


VOL 
Output LOW Voltage 
lOE RL = son to -2V 
TA = O°C 
-1870 
-1665 
mV 


VEE = -5.2V 
TA = +25°C 
-1850 
-1650 
mV 
VIN = VJH Max. or VIL Min. 
TA = +75°C 
-1830 
-1625 
mV 


100E RL = son to -2Y, 
TA = O°C to 85°C 
-1810 
-1620 
mV 


VEE = -5.2V, 
VEE = -4.5V, lOlEl3] 
VIN = VJH Max. or VIL Min. 


VJH 
Input HIGH Voltage 
lOE 
TA = O°C 
-1170 
-840 
mV 


VEE = -5.2V 
TA = +25°C 
-1130 
-810 
mV 


TA = +75°C 
-1070 
-720 
mV 


100E V EE = -4.5V 
TA = O°C to 85°C 
-1165 
-880 
mV 


10lE[3j VEE = -5.2V 


CYIOE494 
CYIOOE494 
CYIOIE494 


Parameters 
Description 
Test Conditions 
TemperaturelI] 
Min. 
Max. 
Units 


V'L 
Input LOW Voltage 
lOE 
TA = O°C 
-1950 
-1480 
mV 


VEE = -5.2V 
TA = +25°C 
-1950 
-1475 
mV 


TA = +75°C 
-1950 
-1450 
mV 


100E V EE = -4.5V 
TA = O°C to 85°C 
-1810 
-1475 
mV 


101Ei31VEE = -5.2V 


IIH 
Input HIGH Current 
V'N = V1H Max. 
220 
~A 


I'L 
Input LOW Current 
V'N = V'L Min. 
S 
0.5 
170 
~A 


All others 
-50 


lEE 
Supply Current 
(All in- 
Commercial L (Low Power) 
-135 
mA 


puts and outputs open) 
Commercial Standard 
-180 
mA 


Parameters 
Description 
Typ. 
Max)'] 
Units 


C,N 
Input Pin Capacitance 
3 
6 
pF 


COUT 
Output Pin Capacitance 
5 
7 
pF 


ALL INPUT PULSES 
Vcc 
V,H 


ro~OO% 


~% 


INPUT 
Dour 


RLr c 


V,L 
VEE 


20% 


t, 
t, 


0.01 ~FJ 
-2.0V 
VEE 


E494-5 
E494-6 • 


lOE494-7 
10E494-8 
10E494-10 
10E494-12 


101E494-7 
101E494-8 
101E494-1O 
100E494-12 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tAc 
Input to Output Delay 
5.0 
5.0 
5.0 
5.0 
ns 


tRC 
Chip Select Recovery 
5.0 
5.0 
5.0 
5.0 
ns 


tAA 
Address Access Time 
7.0 
8.0 
10.0 
12.0 
ns 


tww 
Write Pulse Width 
5.0 
6.0 
6.0 
8.0 
ns 


tSD 
Data Set-Up to Write 
1.0 
1.0 
2.0 
2.0 
ns 


tllD 
Data Hold to Write 
1.0 
1.0 
2.0 
2.0 
ns 


tSA 
Address Set-Up/Write 
1.0 
1.0 
2.0 
2.0 
ns 


Notes: 
1. 
Commercial grade is specified as ambient temperature with transverse 
air flowgreater than SOOlinear feet per minute. 
2. 
10E specificationssupport both 10Kand 10KH compatibility. 
3. 
lOlE specificationssupport lOOKcompatibilitywith VEE = -S.2V. 
TA = O°C to 7S°C. 


4. 
Testedinitiallyand after anydesignor processchangesthat mayaffect 
these parameters. 
S. 
For all packagesexcept CerDiP (D42). which has maximumsof C,N 
= 8 pF, COUT = 9 pF. 


6. 
V'L = V'L Min., VIH = VIHMax.on lOE version. 


7. 
V'L = -1.7V, VIH = -0.9Von lOOKversion. 


8. 
RL=SOn,c< 
SpF(7-,8-nsgrade)or< 
30pF(IO-,12-nsgrade). 


Includes fixture and stray capacitance. 


9. 
All coaxialcablesshouldbe SOn withequal lengths.The delayof Ihe 
coaxial cables should be "nulled" 
out of the measurement. 


10. t, = 1, = 0.7 ns. 
11. All timing measurementsare amde from the SO%point of all wave- 


forms. 


lOE494-7 
lOE494-8 
lOE494-10 
lOE494-12 


lOlE494-7 
lOlE494-8 
lOlE494-10 
lOOE494-12 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tHA 
Address Hold/Write 
1.0 
1.0 
2.0 
2.0 
os 


tsc 
Chip Select Set-Up/Write 
1.0 
1.0 
2.0 
2.0 
os 


tHC 
Chip Select Hold/Write 
1.0 
1.0 
2.0 
2.0 
ns 


tws 
Write Disable 
5.0 
5.0 
5.0 
5.0 
ns 


tWR 
Write Recovery 
8.0 
8.0 
12.0 
14.0 
ns 


t, 
Output Rise Time 
0.35 
1.5 
0.35 
1.5 
0.35 
1.5 
075 
2.5 
ns 


tf 
Output Fall Time 
0.35 
1.5 
0.35 
1.5 
0.35 
1.5 
0.75 
2.5 
ns 


Switching Waveforms 


Read Mode 


P:-tAC 
;f---t~AC 
1 


200~ 
0% 
_ 


t, 
tf 


:===========~== 
..==-_~=-_~=-_~=-_~=-_~=-_~=-_~=-_~=-_~=-_~=-_~=-_~=-t=-AA=- 
_~=-_~=-_~=-_~=-_~=-_~=-_~=-_~=-_~=-_~= 
__~=-*-I-~_-=~:=~:=-_:=-_~=-_~=- 


CYIOE494 
CYIOOE494 
CYIOIE494 


Inputs 
Output 


S 
W 
D 
Q 
Mode 


H 
X 
X 
L 
Disabled 


L 
L 
H 
L 
WriteH 


L 
L 
L 
L 
Write L 


L 
H 
X 
DOUT 
Read 


Version 
lEE 
tM 
Package 
Operating 
(mA) 
(ns) 
Ordering Code 
Type 
Range 


10E 
180 
7 
CYI0E494-7VC 
V21 
Commercial 


CYI0E494-7KC 
K74 


CYlOE494-7DC 
D42 


8 
CYlOE494-8VC 
V21 


CYlOE494-8KC 
K74 


CYlOE494-8DC 
D42 


10 
CYlOE494-lOVC 
V21 


CY lOE494-lOKC 
K74 


CY lOE494-lODC 
D42 


135 
12 
CY lOE494I~ 12KC 
K74 


CYlOE494~12VC 
V21 


CY lOE494~ 12DC 
D42 


l00E 
135 
12 
CYl00E494~12KC 
K74 
Commercial 


CYl00E494~12VC 
V21 


CYl00E494~ 
12DC 
D42 


101E 
180 
7 
CYI0IE494-7VC 
V21 
Commercial 


CYlO1E494-7KC 
K74 


CYlO1E494-7DC 
D42 


8 
CYlOIE494-8VC 
V21 


CYlO1E494-8KC 
K74 


CYlOIE494-8DC 
D42 


10 
CYlOIE494-IOVC 
V21 


CYlO1E494-10KC 
K74 


CYlOIE494-lODC 
D42 


PRODUCT 
• 
INFORMATION 


STATIC RAMS 
ill 


PROMS 
- 
EPLDS 
- 
FIFOS 
- 
LOGIC 
- 
RISC 
- 
MODULES 
- 
ECL 
- 
-- 
~ 
BUS INTERFACE PRODUCTS 
HI 
--. - 
-= 
~~ 


MILITARY 
- 
DESIGN AND 
- 
PROGRAMMING TOOLS 


QUALITY AND 
&II 
RELIABILITY 


PACKAGES 
&I 


Device Number 
VIC068 
VAC068 


Description 
VMEbus Interface Controller 
10-1 


VMEbus Address Controller 
. . . . . . . . .. . . . . . . . . . . . . . .. . . . . .. . . . .. . .. . .. .. . . . . . . .. .. 10-15 


Features 


• 
Complete VMEbus interface control- 
ler and arbiter 
- 58 internal registers provide con- 


figuration control and status of 
VME and local operations 
- 
Drives arbitration, 
interrupt, 
ad- 
dress modifier utility, strobe, ad- 
dress lines A07through AOI and 
data lines D07 through DOOdirect- 
ly, and provides signals for control 
logic to drive remaining address 
and data lines 
- 
Direct connection to 68xxx family 
and mappable to non-68xxx pro- 
cessors 


• 
Complete master/slave capability 
- Supports read, write, write post- 


ing, and block transfers 


- Accommodates VMEbus timing re- 
quirements with internal digital 
delay line (7.8-ns granularity) 


- 
Programmable 
metastability delay 
- Programmable 
delays for DSACK 
to DTACK 


- Provides timers for local bus and 


VMEbus transactions. 


• 
Interleaved block transfers over 
VMEbus 
- Acts as DMA master on local bus 


- Programmable burst count, trans- 
fer length, and interleaved period 
interval 
- Also supports local module-based 
DMA. 


• 
Arbitration support 
- Supports single-level, priority and 
round robin arbitration 
- Supports fair request option as re- 
quester. 


• 
Interrupt support 
- Complete support for the VME in- 
terrupts: interrupter 
and interrupt 
handler 
- 
Seven local interrupt lines 
- 8-level interrupt priority encode 
- Total of 29 interrupts mapped 
through the VIC068. 


• 
Miscellaneous features 
- Refresh option for local DRAM 
- 
Four broadcast location monitors 


- 
Four module-specific location 
monitors 
- Eight interprocessor communica- 
tions registers 
- TAS/CAS/CAS2 instruction sup- 
port for 68020 
- Available in 144-pin plastic or 
ceramic PGA package 


Functional 
Description 


The VME interface controller (VIC068) is 
a single chip designed to minimize the cost 
and board area requirements 
and to maxi- 


mize performance 
of the VMEbus inter- 


face of a VMEbus 
master/slave 
module. 


This can be implemented on either a 8-bit, 
16-bit, or 32-bit system. The VIC068 was 
designed 
using 
high-performance 
stan- 


dard cells on an advanced 1 micron CMOS 
process. The VIC068 performs all VME- 
bus system controller functions plus many 
others, which simplify the development of 
a VMEbus interface. The VIC068 utilizes 
output buffers based on patented and mili- 
tary-approved 
advanced 
CMOS 
logic 


(ACL) family. These 
CMOS 
high-drive 


buffers provide direct connection 
to the 
address and data lines. In addition to these 
signals, the VIC068 connects directly to 
the arbitration, 
interrupt, address modifi- 
er, utility and strobe lines. Signals are pro- 
vided which control 
data direction 
and 


latch functions needed for a 32-bit imple- 
mentation. 


The VIC068 was developed 
through the 
efforts of consortium of board vendors, un- 
der the auspices of the VMEbus Interna- 
tional 
Trade 
Association 
(VITA). 
Thc 


VIC068 
thus offers 
an implementation 


that provides inputs from a wide array of 
users, which maximizes 
the 
number 
of 
applications. This also provides compati- 
bility between boards designed by different 
manufacturers. 


VSS1' 
JPL2' 
UACK<Y 
U""'· 
URQ5' 
ASIZ1' 
ASIZO' 
SLSEL1' 
WORD' 
FCJACK' 
A02 
A04 
VCC2 
VSS2 
,..,.. 


LD6 
BLT' 
IPL1' 
VCC1 
L1R01' 
u..,.· 
UR06' 
ICFSEL' 
MWO' 
AO' 
A03 
AOS 
A07 
'R03' 
IRQ7' 


LD' 
LOS 
OEOLK' 
IPLO' 
LAEN 
UR03' 
L1RO?' 
VSSCORE 
SLSELO' 
VSS1 
A" 
100" 
IR02' 
IR06' 
ACFAIL' 


LD' 
LD3 
LD7 
LOCATOR 
IROS' 
VCC3 
lACKOUT' 


P,N 


LA7 
LDO 
LD' 
SYSFAIL' 
SYSRESET' 
OTACK' 


LA3 
LAS 
LAs 
lACKIN" 
lACK' 
AMO 


LA, 
LA. 
VSS10 
VSS3 
AS' 
AM. 


Bottom 


LA. 
LAO 
VCC7 
View 


VS54 
AM> 
AM3 


es' 
DSACK1' 
OS" 
veC4 
LWORO' 
AM< 


PAS" 
LBERR' 
RESET' 
BERR' 
WRITE' 
AMS 


DSACKO' 
_. 
Fe. 
0"'" 
os.· 
OSO' 


HALT" 
RMC' 
LBR' 
BBSY' 
BR1' 
ORO' 


Fe, 
SIZO 
seON' 
CLOCK64M 
LAD' 
VSS9 
VCCCORE 
VSS8 
VCCS 
000 
BG10UT' 
BG2IN' 
BGOIN' 
OR>' 
VSSS 


SIZl 
IRESET" 
LADO 
LEOI 
DOIR' 
L'WDENIN' 
DENO' 
DOll 
D03 
DO. 
VSS7 
BGOOUT' 
BG31N' 
BGllN" 
BeLR' 


LBG' 
ABEN' 
VCC15 
LEDO 
UWDENIN' 
SWDEN' 
ISOBE' 
D07 
DOS 
DO. 
DO' 
BG3OUT' 
BG20Ur 
SYSCLK 
VSS6 


A31 - 
A24 


A23 - 
A16 


A15 - 
AG8 


VMEbus Signals 


SYSRESET. The system reset signal is both an input and an out- 
put collector output. A LOW level on this signal resets the internal 
logic of the VIC068 and asserts the signals RESET and HALT; 
those signals remain asserted for a minimum of 200 ms. If the 
VIC068 is configured as a VMEbus system controller, a low-level 
input on signal IRESET 
asserts SYSRESET 
as an output for a 
minimum of 200 ms. 


ACFAIL. This signal is an input only. It indicates that the power 
has failed. The VIC068 may be programmed 
to generate a local 


interrupt when ACFAIL is detected. 


SYSFAIL. The system fail signal indicates that the VIC068 is not 
in full working order. This signal is both an input and an open col- 
lector output. The output is asserted under two conditions. First, 
if self-testing is not complete after startup, the SYSFAIL signal is 
asserted-ostensibly 
to be deasserted by the onboard CPU after 


completion of diagnostics. Second, if a module has identified itself 
as faulty, the SYSFAILsignal is asserted as a warning when HALT 
is detected LOW for 4 ms. The VIC068 may be programmed 
to 


generate a local interrupt when SYSFAIL is asserted. SYSFAIL 
assertion may be inhibited by a control bit in the interprocessor 
communications 
registers. 


SYSCLK. The system clock outputs at 16 MHz. It is driven as an 
output only while the VIC068 is the VMEbus system controller, 
and is three-stated 
otherwise. 


BR3 - BRO.The bus request signals for arbitration. These signals 
are both inputs and open collector outputs. These signals may be 
asserted by the VIC068 as a requester. They are used as inputs dur- 
ing arbitration. Only one of these signals is asserted by VIC068 at 
one time. 


BG3IN - BGOIN. The four bus grant in signals in the daisy- 
chained arbitration 
scheme. These signals are inputs only and 
have internal active pullups so they may be left unconnected. 
BG30UT 
- BGOOUT. The bus grant out signals in the daisy- 


chained arbitration 
scheme. These signals are output only. 


BBSY. The bus busy signal is both an input and an open collector 
output. 


BCLR. The bus clear signal is both an input and an output. 


D07 - 000. The low-order byte of the VME data bus. The VIC068 
implements a transparently 
latching bidirectional 
transceiver on 


these lines to allow write posting. 


A07 - AOI. The VMEbus 
address lines A7-Al. 
A transparent 
latching bidirectionallJO 
buffer is used on the VIC068 for these 
lines to allow write posting. 


AS. The VMEbus address strobe is both an input and an output. 
It is asserted by VIC068 when VIC068 has mastership of the VME 
bus to initiate a transaction. 
For slave accesses, VIC068 uses AS 


input to qualify the SLSELO, SLSELl, or ICFSEL select signals 
to indicate to the module the presence of a valid slave address. 


DSI- DSO.The bus data strobes are both inputs and outputs. They 
are asserted by the VIC068 when it is bus master to initiate data 
transfers and used by the VIC068 to indicate to the module logic 
the presence of a request to transfer data while the VIC068 is act- 
ing as a slave. 


DTACK. The bus data acknowledge signal is both an input and an 
open collector or rescinding output. It is asserted by the slave in 
a transaction to indicate to the current master the termination of 
the current data transfer. 


HERR. The bus error signal is both an input and an open collector 
output. It is asserted by the slave as an alternative to data acknowl- 
edge (OTACK) to indicate an error in the current data transfer. 
The VIC068 may also assert this signal while it is the system con- 
troller if a slave does not OTACK within the time programmed 
into the transfer 
timeout 
register ($A3) for VMEbus 
timeout. 


VIC068 will issue BERR for self-access operation. 


WRITE. The bus write signal is both an input and an output. It is 
asserted by the current master with the same timing as VMEbus 
address lines to indicate the direction of data transfers. 


LWORD. This signal is both an input and an output. It is driven 
by the current bus master to indicate the size of data transaction. 


AMS - AMO.The address modifiers are both inputs and outputs. 
These are driven by VlC068 as current bus master. VIC068 uses 
these to qualify slave accesses during slave selcct cycles. (It is prc- 
sumed that the VlC068 will not be presented with more than one 
valid slave access.) 
lACK. The bus interrupt acknowledge signal. This signal is both 
an input and an output. It is asserted by VIC068 as a current VME- 
bus master if the transaction is an interrupt 
acknowledge cycle. 


lACK IN. The 
interrupt 
acknowledge 
in signal in the daisy- 


chained interrupt acknowledge priority scheme. This signal is an 
input only with an internal active pull-up. (Note that this pull-Up 
resistor is to take care of floating input types. It cannot provide any 
significant current.) A low-level input to this signal may occur as 
a result of an interrupt acknowledge transaction on VMEbus. The 
VlC068 may either consume it, (if it has an interrupt request pend- 
ing at that level) to become a slave supplying a status !D, or pass 
it on by way of the interrupt 
acknowledge out (IACKOUT). 


IACKOUT. The interrupt 
acknowledge out signal in the daisy- 


chained Interrupt Acknowledge scheme. This signal is an output 
only. The VlC068 asserts this output ifIACKIN, lACK, and either 
data strobe is asserted, if40 ns has elapsed since assertion of a data 
strobe, and if the VIC068 has no interrupt requests pending on the 
acknowledged level. 


IRQ? - IRQI. The VMEbus interrupt request signals are both in- 
puts and open collector outputs. Any combination of these signals 
may be asserted by the VIC068 to interrupt 
other modules on 


VMEbus. Any combination of these lines may also be monitorcd 
by the VlC068 to generate interrupts to the processor at the pro- 
grammed level. 


CPU Interface 


LD7 - LDO.The low-order byte of data lines to the local bus. These 
signals are both inputs and three-state outputs. VIC068 register ac- 
cess~are 
performed by the onboard CPU using thcse lines and 


the CS input. They typically are connected to the processor data 
lines 07-00 
through an isolation buffer. 


LA7 - LAO.These signals are both inputs and threc-state outputs. 
They are input address lines for VME master operations. registcr 
selection 
and 
interrupt 
priority 
level recognition. 
When 
the 


VIC068 is acting as a slave VMEbus transaction, 
these lines be- 


come outputs. These lines also become outputs in support ofVME 
master block transfers with local OMA. 


The VIC068 decodes the interrupt priority level (IPT.{2-9) from its 
inputs 
LA3-lAl. 
During 
an 
interrupt 
acknowledge 
cycle, 


FCIACK assertion indicates the interrupt 
acknowledge cycle. 


CS. The chip select input signal is an input only, and should be 
driven to the low level to access VlC068 internal registers. 


Pin Descriptions 
(continued) 


)'AS. The physical address strobe signal is both an input and a 
three-state 
output. The VIC068 drives this signal as an output 


while it is acting as a slave to a VMEbus transaction and for local 
DMA and refresh mode. 


DS. The data strobe signal from the processor is both an input and 
a three-state 
output. The VIC068 drives this signal as an output 


while it is acting as a slave to a VMEbus transaction and for local 
DMA. 


DSACKl - DSACKO. The data acknowledge signals are both in- 
puts and rescinding outputs. The VIC068 asserts one or both sig- 
nals in response to register accesses. When the VIC068 initiates 
a transaction as the bus master on the VMEbus, the cycle on the 
local bus side is terminated 
by assertion of the aRPropriate ac- 


knowledge signals (DSACKO through DSACKI or LBERR). 
LBERR. The bus error signal tothe local bus signal is both an input 
and a rescinding output. When the VIC068 initiates a transaction 
as bus master on VMEbus, the cycle is terminated by the assertion 
of LBERR when a VMEbus error is detected. If this signal is as- 
serted on the local side while the VIC068 is acting as a slave to a 
VMEbus transaction, a bus error on VMEbus is generated. (Note: 
A retry is initiated by 680x0 processors if HALT and LBERR are 
received asserted.) 


RESET. This is an output signal. A LOW level on IRESETcauses 
RESET to be asserted for a minimum period of 200 ms. A LOW 
level on SYSRESET 
causes RESET to be asserted to the module 


logic for the duration of the low on SYSRESET. 
If bit 6 of inter- 


processor communication 
register ($7F) is set. RESET and HALT 


will be asserted until this bit gets cleared. 


HALT. The halt signal is an input and an open collector output. 
A LOW level on IRESET 
or SYSRESET 
causes RESET 
and 


HALT to be asserted for a minimum period of 200 ms. Assertion 
of HALT for greater than 4 ms by anything other than the VIC068 
causes the VIC068 to assert SYSFAIL (Note: A retry is initiated 
by 68OXOprocessors if HALT and LBERR are received asserted.) 


R/W. The read/write signal is both an input and a three-state out- 
put. This signal is driven as an output when the VIC068 is acting 
as a slave to a VMEbus transaction with the same timing as the 
local address lines, and when the VIC068 is acting as a DMA con- 
troller on the local bus. As an output, R!W has the same timing 
as a local address line; it is set up before PAS and DS assertion and 
remains stable until the VIC068 negates DS. 
FC2 - FCl. The function code signals are both inputs and three- 
state outputs. As inputs, they encode the VMEbus address modifi- 
er outputs. These signals are driven as outputs when the VIC068 
owns the local bus to identify refresh cycles, local DMA cycles, 
slave, and slave block transfer cycles. (See Table 1.) 


RMC. The read modify write signal is an input only. The VIC068 
uses this signal to ensure the indivisibility of transactions on VME- 
bus by inhibiting bus release, (optionally) stretching AS, and (op- 
tionally) requesting the VMEbus. This signal and bits 5 through 
7 of register $AF control various modes. 


S)Zl- 
SIZO. The size signals are both inputs and three-state out- 


puts. When acting as a slave to a VMEbus transaction, the VIC068 
drives these signals as outputs to indicate the size of the transfer 
requested. (See Table 2.) 


LBR. The local bus request signal to the processor is an output 
only. When managing shared resources, as a VMEbus controller, 
the VIC068 asserts this signal to allow slave access to the local bus. 
LBR remains asserted for the duration of the slave transaction to 
eliminate the need for a local bus grant acknowledge signal. 


LBG. The local bus grant signal is an input only:"!!!'response to 
a low level on this signal while local bus request (LBR) is asserted, 
the VIC068 assumes control of the local bus and begins slave trans- 
fers or local DMA for block transfers. Once asserted this signal 
should remain asserted throughout 
the time LBR is asserted. 


MWB. The module wants bus signal is an input only. The VIC068 
requests the VMEbus in response to a LOW level on this input. 
This signal is required for all VMEbus transactions initiated from 
the VIC068 module. 


FCIACK. This signal indicates that the current access is an inter- 
rupt acknowledge cycle. This signal is an input only. For host CPUs 
which do not follow the 68xxxfamily interrupt acknowledge proto- 
col, this signal can be used as a chip select for requesting a read 
of a status/ID byte. 


SLSELO. This signal is one of three slave select lines. This input 
causes the VIC068 to initiate dual-port 
arbitration with the mod- 


ules' local bus arbiter when asserted. This input is generated by ex- 
ternal A16, A24, or A32 VMEbus map decoder. The VIC068 qual- 
ifies this select 
signal with AS and 
appropriate 
AM 
codes 
programmed 
in slave select 0 control register O. 


SLSELl. 
This signal is one of three slave select lines. This input 
causes the VIC068 to initiate dual-port 
arbitration with the mod- 


ules local bus arbiter when asserted. This input is generated by ex- 
ternal A16, A24, or A32 VMEbus map decoder. VIC068 qualifies 
this select signal with AS and appropriate AM codes programmed 
in slave select 1 control register O. 


ICFSEL. This signal is one of three slave select lines. This input 
requests access to one of the VICs interprocessorcommunications 
facilities via VMEbus: 
the registers, global switches or module 
switches. This input is generated by an external A16 VMEbus map 
decoder. 


ASIZO. This input, when asserted in conjunction 
with MWB or 


BLT, indicates that the VIC068 should use the address modifier 
code for 16-bit addressing. This input serves as a data acknowledge 
signal, (analogous to DTACK), when the VIC068 isperforming lo- 
cal DMA without VME transfers. 


Output 


FC2 
FCl 
Function 


0 
0 
Slave Block Transfer 


0 
1 
Local DMA 


1 
0 
Standard Slave Access 


1 
1 
DRAM Refresh 


SIZl 
SIZO 
Function 


0 
0 
Lword 


0 
1 
Byte 


1 
0 
Word 


1 
1 
3-byte 


ASIZI. This input, when asserted in conjunction with MWB or 
BLT, indicates that the VIC068 should use the address modifier 
code for 32-bit addressing. If neither ASIZO nor ASIZI is asserted, 
then the address modifiers for standard addressing, A24, will be 
used. This signal serves as a data error signal, analogous to BERR, 
when the VIC068 is performing local DMA without VME trans- 
fers. 


WORD. When this input is asserted, the VMEbus is treated as a 
16-bit data path. Otherwise, it is considered a 32-bit data path. If 
WORD is strapped to ground at power up and stays that way, it 
configures the VIC068 in D16 mode on the VMEbus. 


BLT. This is an input and an open collector output. As an output, 
this signal acknowled~hat 
a VME block transfer with local bus 


DMA is in progress. BLT in conjunction with lAEN & FC(2:1) 
controls the loading, enabling, and incrementing 
of an external 
latch fOrlA8 + of the local address. If BLT is asserted by external 
circuitry while MWB remains high and bit 7 of register $D7 is set, 
the VIC068 initiates and performs non- VME related local DMA 
cycles using the local bus portion of the block transfer with local 
DMA protocol. 


DEDLK. This signal indicates deadlock, a slave access request con- 
current with local CPU request for VMEbus. It should be used by 
the module logic to remove the local CPU's request for VMEbus. 
This signal willbe activated for "self access" of the VIC068 module 
along with LBERR. 


IPL2 -IPLI. 
These pins function as interrupt request level outputs 


2 and 1.They are output only. These lines drive the processor In- 
terrupt Priority Lines IPL (2-1). 


II'LO. This pin is both an output and an input. As output it func- 
tions as interrupt request level output O.During assertion of IRE- 
SET this pin may be driven as an input to provide a global reset 
to the VIe. 


URQ7 - L1RQI. The local interrupt 
request signals are inputs 


only (except URQ2). 
They receive interrupt 
requests from the 


module which are merged by the VIC068 with other interrupt re- 
~sources 
to produce the three encoded interrupt priority lines 


(IPL2-1PLO). All URQx 
inputs have internal pull-up resistors so 
they may be left unterminated. 
URQ2 functions as a timer output 


when VIC's programmable 
clock tick timer is enabled. 


LIACKO. This signal is a local interrupt acknowledge output. The 
assertion of this signal by the VIC068 allows a local interrupting 
device to place the device's interrupt vector on the data bus in re- 
sponse to a CPU interrupt acknowledge cycle; it can also be used 
to affect autovectoring. 


IRESET. The internal reset signal. This input has hysteresis and 
allows an RC time constant to be connected to an external switch 
to produce an operator reset. The VIC068 is reset by the assertion 
of the IRESET. A LOW level on IRESET causes the signals RE- 
SET and HALT to be asserted for a minimum period of 200 ms. 
If SCaN is LOW, then SYSRESET is also driven LOW on VME- 
bus by the assertion of IRESET 


SCON. This pin should be tied low to cause the VIC068 to perform 
the VMEbus system controller functions. 


CLK64M. A 64-MHz square wave is used to clock internal arbitra- 
tion and time delay functions and to generate SYSCLK. A 60/40 
worst-case duty cycle must be provided. Higher clock speed could 
result in set-up/hold 
time violations of VMEbus signals. 


Buffer Control Signals 


The signals in this group are outputs only with 8-mA IOL They 
provide the control signals for the address buffers and data buffers/ 


latches to VMEbus and control the swap requirements 
of 68xxx 


processors. Their function may va!:Y_2~nding 
on the states of 
certain control bits in the VIe. If WORD is strapped to ground 
at reset time and stays that way, it puts VIC068 in D16 mode. Refer 
to the following block diagram for a sample hook-up of the buffer 
control signals. 
ABEN. This signal is an output only, and functions as enable ad- 
dress out. It is asserted by the VIC068 when bus mastership is ob- 
tained to cause latching address transceivers with OE pins (e.g., the 
543) to drive the VMEbus address lines. lAEN 
is connected 
to 


OEBA of the latching address transceivers to enable the VMEbus 
address onto the local bus for slave transactions 
and for DMA- 
based block transfers. 


LADO. This output signal is the latch address out control signal. 
It should be connected to the LEAB pin of address latches driving 
onto the VMEbus 
from the local bus. When 
deasserted, 
the 


latches are in the fall-through 
mode. When it is asserted (high), 


the latch contents 
are held constant. 
If a block transfer is sus- 


pended in order to release the bus after burst, lADO is asserted 
until the VIC068 regains the bus and resumes and completes the 
block level transfer (BLT). This ensures that the block transfer 
high order address bits maintained in the external latches will not 
be lost. 


LAD!. This output signal is the latch address in control signal. It 
should be connected to the LEBA pin of address latches driving 
from the VMEbus to the local bus. When LOW (deasserted), the 
latches are in the fall-through 
mode. When it is asserted (HIGH). 


the latch contents are held constant. 


LEDO. This output signal is the latch enable data out control sig- 
nal. It should be connected to the LE pins of data latches whose 
outputs connect to the VMEbus and whose inputs drive the local 
bus. When deasserted, the latches are in the fall-through 
mode. 


When it is asserted (HIGH), the latch contents are held constant. 


LED!. This output signal is the latch enable data in control signal. 
It should be connected to the LE pins of data latches whose inputs 
connect to the VMEbus and whose outputs drive the local bus. 
When deasserted, the latches are in the fall-through 
mode. When 


it is asserted (high), the latch contents are held constant. 
DD!R. The Data Direction signal is an output only. This signal 
controls the direction of data flow for swapping and isolation buff- 
er transceivers. 


DENO. The data enable out signal should be used to drive the OE 
pins of 543 type latching data transceivers (e.g., 543) to enable the 
buffers to drive onto the VMEbus. 


SWDEN. This pin serves as swap data enable control function. It 
enables 
the 
swapping 
buffers 
for 
swapping 
data 
between 


LD(31-16) and LD(15-0). 


LWDENIN. With latching buffers, LWDENIN enables data input 
from VMEbus D16 - D31 onto the local bus LDI6-LD31. 


UWDENIN. With latching buffers, UWDENIN* 
enables data in- 


put from VMEbus D16-D31 to local bus LDI6-LD31. 


ISORE. The isolation buffer enable signal is asserted for accesses 
of the VIC068 and VMEbus 
by the CPO. If using dual-port 
memory, the module logic must provide for the enabling of the iso- 
lation buffer for a local memory access by its onboard CPU. 


LAEN. This is asserted (HIGH) to indicate VIC068 is driving local 
bus address lines. This pin should be used to enable OEI3A to en- 
able VMEbus addresses onto local bus address lines. 


Address 
Register Name 
Global Reset 
System Reset 
Internal 
Reset 


$03 
VMEbus 
Interrupter 
Interrupt 
Control 
1 1 1 1 1 0 0 0 
1 1 1 1 1 X X X 
1 1 1 1 1 X X X 


Register 


$07-$ IF 
MVE Bus Interrupter 
Control Registers 1 1 1 1 1 1 0 0 0 
1 1 1 1 1 X X X 
1 1 1 1 1 X X X 


through 7 


$23 
DMA Status Interrupt 
Control Register 
1 1 1 1 1 0 0 0 
1 1 1 1 1 X X X 
1 1 1 1 1 X X X 


$27-$3F 
Local Interrupt 
Control Registers 
1 0 0 0 X 0 0 0 
1 X X X X X X X 
1 X X X X X X X 


1 through 7 


$43 
ICGS Interrupt 
Control Register 
1 1 1 1 1 0 0 0 
1 1 1 1 1 X X X 
1 1 1 1 1 X X X 


$47 
ICMS Interrupt 
Control Register 
1 1 1 1 1 0 0 0 
1 1 1 1 1 X X X 
1 1 1 1 1 X X X 


$4B 
Error Group Interrupt Control Register 
1 1 1 1 1 0 0 0 
1 1 1 1 1 X X X 
1 1 1 1 1 X X X 


$4F 
rCGS Interrupt 
Vector Base Register 
0 0 0 0 1 1 1 1 
0 0 0 0 1 1 1 1 
0 0 0 0 1 1 1 1 


$53 
ICMS Interrupt 
Vector Base Register 
0 0 0 0 1 1 1 1 
0 0 0 0 1 1 1 1 
0 0 0 0 1 1 1 1 


$57 
Local Interrupt 
Vector Base Register 
0 0 0 0 1 1 1 1 
0 0 0 0 1 1 1 1 
0 0 0 0 1 1 1 1 


$5B 
Error Group Interrupt Vector Base Register 
0 0 0 0 1 1 1 1 
0 0 0 0 1 1 1 1 
0 0 0 0 1 1 1 1 


$5F 
Interprocessor 
Communications 
Switch 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
X X X X 0 0 0 0 
Register 


$63-$73 
Interprocessor 
Communications 
Registers 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
o through 4 


$77 
Interprocessor 
Communications 
Register 5 
1 1 1 1 0 0 0 1 
1 1 1 1 0 0 0 1 
1 1 1 1 0 0 0 1 
$7B 
Interprocessor 
Communications 
Register 6 
X 1 1 1 1 1 X X X 1 1 1 1 1 1 1 
X 1 1 1 1 1 1 0 
$7F 
Interprocessor 
Communications 
Register 7 
0 0 X 0 0 0 0 0 
0 0 X 0 0 0 0 0 
X 0 X X X X X X 


$83 
VMEbus 
Interrupt 
Request 
and 
Status 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
X X X X X X X 0 
Register 
$87-$9F 
VMEbus Interrupt Vector Registers 
0 0 0 0 1 1 1 1 
0 0 0 0 1 1 1 1 
X X X X X X X X 


1 through 7 
$A3 
Transfer Timeout Register 
0 1 1 0 1 0 0 0 
0 1 1 0 1 0 0 0 
0 1 1 0 1 0 0 0 
$A7 
Local Bus Timing Register 
0 0 o 0 0 o 0 0 
X X X X X X X X X X X X X X X X 


$AB 
Block Transfer Definition Register 
0 0 o 0 0 o 0 0 
0 0 o 0 o 0 0 0 
o 0 0 0 0 0 0 0 
$AF 
VMEbus Interface Configuration Register 1 
0 0 o 0 0 o 0 0 
0 0 o 0 o 0 0 0 
o 0 0 0 0 0 0 0 
$B3 
Arbiter and Requester Configuration 
0 1 1 0 0 o 0 0 
0 1 1 X o 0 0 0 
o 1 1 X 0 0 0 0 
Register 


$B7 
Address Modifier Source Register 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
$BB 
Bus Error Status Register 
X 0 0 0 0 0 0 0 
X 0 0 0 0 0 0 0 
X 0 0 0 0 0 0 0 
$BF 
DMA Status Register 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
$C3 
Slave Select 0 Control Register 0 
0 0 0 0 0 0 0 0 
0 0 X X X X X X 0 0 X X X X X X 
$C7 
Slave Select 0 Control Register 1 
0 0 0 0 0 0 0 0 
X X X X X X X X X X X X X X X X 


$CB 
Slave Select 0 Control Register 0 
0 0 0 0 0 0 0 0 
0 0 X X X X X X 
1 1 X X X X X X 


$CF 
Slave Select 0 Control Register 1 
0 0 0 0 0 0 0 0 
X X X X X X X X X X X X X X X X 


$D3 
Release Control Register 
0 0 0 0 0 0 0 0 
0 0 o 0 0 0 0 0 
000 
0 0 0 o 0 
$D7 
Block Transfer Control Register 
0 0 0 0 0 0 0 0 
0 0 o 0 0 000 
000 
0 0 0 o 0 
$DB 
Block Transfer Length Register 0 
0 0 0 0 0 0 0 0 
0 0 o 000 
0 0 
000 
0 0 0 o 0 
$DF 
Block Transfer Length Register 1 
0 0 0 0 0 0 0 0 
0 0 000 
0 0 0 
000 
0 0 0 o 0 
$E3 
System Reset Register 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
III 
1 1 1 1 1 
$EB-$FF 
Undefined 
Locations 
- 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
III 
1 1 1 1 1 
• 


Theory of Operation 


The VIC068 is an interface between two buses. It provides an eco- 
nomical and convenient means to interface between a local CPU 
bus and the VMEbus. The local bus interface of the VIC068 is 
meant to emulate Motorola's family of 32-bit CISC processor in- 
terfaces. Other processors can easily be adapted to interface to the 
VlC068 using the appropriate logic. All of the following items are 
discussed in further detail in later sections of this data sheet. 


Resetting the VIC068 


The VIC068 can be reset by any of three distinct reset conditions: 


The Internal Reset. This reset is the most common means of re- 
seting the VIC068. It resets most register values and all mecha- 
nisms within the device. 


The System Reset. 
This reset provides a means of resetting the 


VIC068 through the VMEbus backplane. The VIC068 may also 
signal a SYSRESET 
by writing a configuration 
register. 


The Global Reset. This provides the most complete reset of the 
VIC068. This reset resets all of the VIC068's configuration regis- 
ters. This reset should be used with caution since SYSCLK is not 
driven while a global reset is in progress. 


All three reset options are implemented 
in a different manner and 
have different effects on the VIC068 configuration registers. 


The VIC068 VMEbus System Controller 


The VIC068 is capable of operating as the VMEbus system con- 
troller. It provides VMEbus arbitration 
functions, including: 


• 
Priority, round-robin, 
and single-level arbitration 
schemes 
• 
Driving lACK Daisy-Chain 
• 
Driving BGiOUT 
Daisy-Chain 
(All four levcls) 
• 
Driving SYSCLK output 
• 
VMEbus arbitration 
timeout timer 


The System controller functions are enabled by the SCaN pin of 
the VIC068. When strapped Law, 
the VIC068 functions as the 


VMEbus system controller. 


VIC068 VMEbus Master Cycles 


The VIC068 is capable of becoming the VMEbus master in re- 
sponse to a request from local resources. In this situation, the local 
resource requests that a VMEbus transfer is desired. The VIC068 
makes a request for the VMEbus. When the VMEbus is granted 
to the VIC068, it then performs the transfer and acknowledges the 
local resource and the cycle is complete. The VIC068 is capable 
of all four VMEbus request levels. The following release modes 
are supported: 


• 
Release on request (ROR) 
• 
Release when done (RWD) 
• 
Release on clear (ROC) 
• 
Release under RMC control 
• 
Bus capture and hold (BCAP) 


The VIC068 supports A32, A24, and AI6, as well as user-defined 
address 
spaces. 


Master Write-Posting 


The VIC068 is capable of performing 
master write-posting (bus 


decoupling). In this situation, the VIC068 acknowledges the local 
resource immediately after the request to the VIC068 is made, thus 
freeing the local bus. The VIC068 latches the local data to be writ- 


ten and performs the VMEbus transfer without the local resource 
having to wait for VMEbus arbitration. 


Indivisible Cycles 


Read-modify-write 
cycles and indivisible multiple-addrcss 
cyclcs 


(IMACs) are easily performed using the VIC068. Significant con- 
trol is allowed to: 


• 
Requesting the VMEbus on the assertion of RMC indepen- 
dent of MWB (this prevents any slave access from intcrrupt- 
ing local indivisable cycles) 


• 
Stretching the VMEbus AS 
• 
Making the above behaviors dependent 
on the local SIZi 


signals 


The Deadlock Condition 


If a master operation 
is attempted when a slave operation to the 


same module is in progress, a deadlock condition has occurred. 
The VIC068 will signal a deadlock condition 
by asserting the 


DEDLK signal. This should be used by the local resource request- 
ing the VMEbus to try the transfer after the slave access has com- 
pleted. 


The Self-Access Condition 


If the VIC068, while it is VMEbus master, has a slave select sig- 
naled, a self access is said to have occurred. The VIC068 will issuc 
a BERR, which in turn will cause a LBERR 
to be asserted. 


VIC068 VMEbus Slave Cycles 


The VIC068 is capable of operating as a VMEbus slave controller. 
The VIC068 contains a highly programmable 
environment 
to al- 
low for a wide variety of slave configurations. The VIC068 allows 
for: 


• 
D32 or DI6 configuration 
• 
A32, A24, AI6, or user-defined address spaces 


• 
Programmable 
block transfer support including: 


- 
DMA-type block transfer (PAS and DSACKi held as- 
serted) 
- 
non-DMA-type 
block transfer (toggle PAS and DSACKi) 


- No support for block transfer 


• 
Programmable 
DSACKi-to-DTACK 
delay 


• 
Programmable 
PAS and DS timing 
• 
Restricted slave accesses (supervisory accesses only) 


When a slave access is required, the VIC068 will request the local 
bus. When local bus mastership is obtained, the VIC068 will read 
or write the data to/from the local rcsource and assert the DTACK 
signal to complete the transfer. 


Slave Write-Posting 


The VlC068 is capable of performing a slave write-post operation 
(bus decoupling). When enabled, the VIC068 latches the data to 
be written and acknowledge the VMEbus (asserts DTACK) imme- 
diately thereafter. This prevents the VMEbus from having to wait 
for local bus access. 


The Address Modifier (AM) Codes 


The VIC068 encodes and decodes the VMEbus address modifier 
codes. For VMEbus master accesses, the VIC068 encodes the ap- 
propriate AM codes through the VIC068 FCi and ASIZi signals, 
as well as the block transfcr status. For slave accesses, the VIC068 


decodes the AM codes and checks the slave select control registers 
to see if the slave request is to be supported with regard to address 
spaces, supervisory accesses, and block tranfers. The VIC068 also 
supports user-<lefined AM codes; that is, the VIC068 can be made 
to assert and respond to user-defined 
AM codes. 


VIC068 VMEbus Block Transfers 


The VIC068 is capable of both performing (master) and receiving 
(slave) block transfers. The master VlC068 performs a block trans- 
fer in one of two modes: 


• 
The MOVEM-type 
Block Transfer 


• 
The Master Block Transfer with Local DMA 
In addition to these VMEbus block transfers, the VIC068 is also 
capable of performing block transfers from one local resource to 
another in a DMA-like fashion. This is referred to as a Module- 
based DMA transfer. 


Recall that the VMEbus 
specification 
restricts block transfcrs 
from crossing 256-byte boundarys without toggling the address 
strobe, in addition to restricting the maximum length of the trans- 
fer to 256 bytes. The VIC068 allow.; for easy implementation 
of 


block transfers that exceed the 256-byte restriction by releasing the 
VMEbus at the appropriate 
time and rearbitrating 
for the bus at 


a programmed time later (this in-between time is referred to as the 
"interleave period"), while at the same time holding both the local 
and VMEbus addresses with internal latches. All of this is per- 
formed without processor/software 
intervention until the transfer 
is complete. 
The VlC068 will also toggle the VMEbus 
AS at 


256-byte boundaries 
in accordance with the VMEbus spccifica- 


tion. 


The VIC068 contains two seperate address counters for the VME 
and the local address buses. In addition, a seperate address iscoun- 
ter-provided for slave block transfers. The VlC068 address count- 
ers are 8-bit up-counters that provide for transfers up to 256 bytes. 
For transters that exceed the 256-byte limit, the VTC VAC068 or 
external counters and latchcs are required. 


The VIC068 allow.; slave accesses to occur during the interleave 
period. Master accesses are also allowed during interleave with 
programming 
and external logic. This is referred to as the "dual 


path" option. 


The VAC068 may be used in conjunction with the VIC068 to pro- 
vide much of the external logic required for extended block trans- 
fer modes, such as the 256-byte boundary crossing and dual path. 
the VAC068 extends the 8-bit counters in the VIC068 to support 
full 32-bit incrementing addresses on both the local bus and VME- 
bus. The VAC068 also contains the latches required for extended 
address block transfers as well as those required for supporting the 
dual path feature. The VAC068 is not required to support block 
transfers, it simply enhances them. 


The MOVEM Master Block lransfer 


This mode of block transfer provides the simplest implementation 
of VMEbus block transfers. For this mode, the local resource sim- 
ply configures the VIC068 for a MOVEM block transfer and pro- 
ceeds with the consecutive-address 
cycles (such as a 680 x 0 
MOVEM instruction, hence the name "MOVEM"). The local re- 
source continues as the local bus master in this mode. 


The Master Block lransfers 
with Local DMA 


In this mode, the VIC068 becomes the local bus master and reads 
or writes the local data in a DMA-Iike fashion. This provides a 
much faster interface than the MOVEM block transfer, but with 
a bit less control and fault tolerence. 


The VIC068 Slave Block lransfer 


The process of receiving a block transfer is referred to as a slave 
block transfer. The VlC068 is capable of decoding the address 
modifier codes to determine that a slave block transfer is desired. 
In this mode, the VIC068 captures the VMEbus 
address, and 


latches them into internal counters. 
For subsequent 
cycles, the 
VIC068 simply increments this counter for each transfer. The local 
protocol for slave block transfers can be configured in a full hand- 
shake mode by toggling both PAS and DS and e~cting 
DSACKi 
to toggle, or in an aocelerated mode in which only DS toggles and 
PAS is asserted throughout 
the cycle. 


Module-based 
DMA Transfers 


The VIC068 is capable of acting as a DMA controller between two 
local resources. This mode is similar to that of master block trans- 
fers with local DMA, with the exception of the VMEbus as the sec- 
ond source or destination. 


VIC068 Interrupt 
Generation 
and Handling Facilities 


The VIC068 is capable of generating and handling a seven-level 
prioritized interrupt scheme similar to that used by the Motorola 
CISC processors. These interrupts include the seven VMEbus in- 
terrupts, seven local interrupts, 
five VIC068 error/status 
inter- 
rupts, and eight interprocessor 
communication 
interrupts. 


The VlC068 can be configured to act as handler for any of the 
seven VMEbus 
interrupts. The VlC068 can generate the seven 
VMEbus interrupts as well as supplying a user-<lefined status/ID 
vector. The local priority level (IPL) for VMEbus interrupts is pro- 
grammable. 
When 
configured 
as the 
system 
controller, 
the 
VIC068 will drive the lACK daisy-chain. 


The local interrupts can be configured with the following: 


• 
User-<lefined local interrupt priority level (IPL) 


• 
Option for VIC068 to provide the status/ID vector 


• 
Edge or level sensitivity 


• 
Polarity (rising/falling edge, active HIGH/LOW) 
The VIC068 is also capable of generating local interrupts on cer- 
tain error or status conditions. These include: 


• 
ACFAlL asserted 


• 
SYSFAIL asserted 
• 
Failed master write-post (BERR asserted) 


• 
Local DMA completion for block transfers 


• 
Arbitration 
timeout 
• 


• 
VMEbus interrupter 
interrupt 
• 
The VIC068 can also interrupt on the settingofa 
module or global 
switch in the interprocessor 
communication 
facilities. 


The Interprocessor 
Communication 
Facilities 


The VIC068 includes interprocessor 
registers and switches that 
can be written and read through VMEbus accesses. These are the 
only such registers that are directly accessible from the VMEbus. 
Included in the interprocessor 
communication 
facilities are: 


• 
Four general purpose 8-bit registers 


• 
Four module switches 


• 
Four global switches 


• 
VIC068 version/revision register (read-only) 


• 
VIC068 Reset/Halt 
condition (read-only) 


• 
VIC068 interprocessor 
communication 
register semaphores 


When set through a VMEbus access, these sWltches can Interrupt 
a local resource. The VlC068 includes module switches that are 
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032 
CPU 


032 Shared 


M9mory 


016 
Shared 
Memory 


Note: 
This 
configuration 
can 
support 
Slave 
Block. 
Transfers 


and Master and Slave Writepost Operation. This buffer 


configuration 
cannot 
support 
block 
transfers 
WIth DMA 
(refer 


to SectIOn 
10 for those 
Implementations). 


This field sets the minimum 
PAS' 
asserted 
time for all local bus 


cycles 
controlled 
by VIC. 
These 
include 
refresh, 
slave 
access, 


and OMA. 
PAS' 
minimum 
= (n + 2) 64 MHz clock 
periods 


where 
N is the binary 
value 
written 
to this field. 
Clock 
latency 


can add up to 1 additional 
64MHz 
period 
to the width. 


This bit selects 
the OS' 
high time. 
A a (zero) 
selects 
1 


64MHz 
period, 
a 1 (one) selects 
2 64MHz 
periods. 
Clock 
latency 
can add up to 1 additional 
64MHz 
period. 


This field programs 
the PAS' 
high width. 
PAS' 
high = (N+ 1) 64 


MHz clock 
periods 
where 
N is the binary 
value 
written 
to this 
field. 
Clock 
latency 
can add up to 1 additional 
64MHz 
period 
to 


the width. 
Register 
Function: 


This register 
provides 
for control 
of local bus timing 
by providing 
programmable 
control 
of PAS' 
and OS' 
when 
these 


signals 
are driven 
from 
VIC. 
This register 
is unaffected 
by reset of the VIC. 
This feature 
could 
be used to preserve 


DRAM 
data 
during 
module 
resets. 


Sample Registers 


local 
Bus 
Timing 
Register 


Address 


Arbiter/Requester 
Configuration 
Register 


Address 
7 
Bits 


Fairness 
Timer: 


These 
bits program 
the fair request 
timeout 
period 
and control 


fairness 
mode 
according 
to the following 
table: 


Bit 3 
Bit 2 
Bit 1 
Bit a 
Period/Mode 


All other 
patterns 


This bit enables 
DRAM 
refresh. 


VME 
Bus 
Request 
level: 
These 
bits program 
the VMEbus 
request 
level used by VIC 


and determine 
which 
BRn • pin will be used to request 
the 


VMEbus: 


Request 
level BRO· 


Request 
level 
BR1· 


Request 
level 
BR2· 


Request 
level BR3' 


Priority/Round 
Robin: 


This bit selects 
between 
priority 
and round 
robin 
arbitration. 


Setting 
this bit selects 
priority 
arbitration. 
This bit is relevant 
only 


when 
SCON" 
pin is asserted 
(strapped 
low). 
Register 
Function: 
The register 
configures 
the VIC VMEbus 
arbiter. 
On VIC reset, 
bits 0-3 and 7 are cleared 
while 
bits 5 and 6 are set. 


One of three 
slave 
block transfer 
modes 
is selected 


according 
to the following 
table: 


Bit 1 
Bit 0 
Mode 
o 
0 
no support 
for slave 
block transfer 


request 
o 
emulate 
non-block 
on local bus 


1 
0 
accelerated 
block transfer 


These 
bits specify 
the address 
size for above 
access 
as 


follows: 


Address 
Size 


A32 


A24 
A16 


Use Address 
Modifier 
source 


register 


When 
set, this bit enables 
032 
slave data size on 


SLSELO·. 


Bit 3 
o 
o 


1 


1 


Bit 2 
o 


1 
o 


1 


When 
set, this bit restricts 
SLSELO' 
access 
to 
supervisory 
only. 
(checks 
AM2 
bit) 


These 
bits control 
and enable 
VIC's clock 
tick timer 


according 
to the following 
table 
(Note that LJR02· 


becomes 
timer 
output 
but retains 
its interrupt 


characteristics) 
: 


Bit 7 
Bit 6 
Timer Mode 


0 
0 
Timer 
disabled 


0 
1 
50Hz output 
on lIR02· 


1 
0 
1000Hz 
output 
on LJR02· 


100Hz 
output 
on LJR02' 


Register 
Function: 


The register 
provides 
slave 
configuration 
control 
for slave 
access 
in response 
to SLSELO·. 
The register 
also 
provides 
for enable 
and control 
of the VIC c1ockJtimer. 
Bits (5-0) are unaffected 
by vie or system 
reset. 


This field established 
the initial 
DSACKi· 
to DTACK· 
delay 
for 


slave 
access 
from SLSELO·. 
Delay 
can be programmed 
to the 


following 
multiples 
of the 64 MHz clock 
period 
in ascending 


binary 
order: 
0, 2. 2.5. 3. 3.5 ... 9.5. 
Clock 
latency 
may add up 


to one half of a 64MHz 
period 
to this delay. 


This field establishes 
the DSACKi· 
to DTACK· 
delay 
for the 


second 
and subsequent 
slave 
block 
transfer 
cycles 
from the 


SLSELO·. 
Delay can be programmed 
to the following 


multiples 
of the 64 MHz clock 
period 
in ascending 
binary 
order: 


0, 2. 2.5. 3, 3.5 ... 9.5. 
Clock 
latency 
may add up to one half of 


a 64 MHz period 
to this delay. 


Register 
Function: 
This register 
provides 
for programming 
of slave 
access 
delay 
across 
the VMEbus/local 
bus interface 
for both single 
cycle 
slave 
access 
and slave 
block 
transfers. 
These 
programmed 
delays 
apply only to SLSELO· 
access. 
This register 
is 
unaffected 
by VIC or system 
reset. 
This 
register 
is the default 
register 
for block transfer 
operations 
with local bus DMA. 


Lt ULLLL 
l_ 


Burst Length of DMA: 


This field 
programs 
the burst 
length 
for block transfers. 
Burst 


length 
is the number 
of VMEbus 
cycles. 


This field defines 
the release 
protocol 
used by VIC in releasing 


the VMEbus 
once 
it has been 
captured. 
The following 
table 


defines 
the available 
modes: 


Bit 6 


o 


1 


ROR - 
release 
on request 


RWD - 
release 
when 
done 


o 
ROC - 
release 
on BCLA" 


BCAP 
- 
bus capture 
and hold 


Register 
Function: 


The register 
provides 
for programming 
VIC's 
VMEbus 
release 
behavior 
and the burst 
length 
for block transfers 


involving 
the VMEbus. 
This 
register 
is reset when 
VIC is reset. 


Ordering Code 


Package 
Operating 
lYpe 
Range 


VIC068-BC 
Bl44 
Commercial 


VIC068-GC 
Gl44 


PRELIMINARY 


:_.~ 
':jj CYPRESS 
iF 
SEMICONDUCTOR 


• 
Completes master/slave 
VME inter- 


face in conjunction 
with the VIC068 
• 
Complete VME and I/O DMA capa- 
biItiy for a 32-bit CPU 
• 
Complete local and VMEbus memory 
map decoding 
- 
Separate 
segments on local side 


available for DRAM, subsystem 
bus (VSB), shared resorces, VME, 
local I/O, and EPROM 
- 
Separate 
segments for the VME 


address bus for slave select 0, 
slave select I, interprocessor 
com- 
munication 
facilities select 


- 
64-Kbyte resolution 
for both local 


and VME memory maps 


• 
Supports 
block transfers 
over 256 
byte boundaries 
- Address counters 
for both VMEbus 


A(31-8) and local lA(31-8) 
- 
Supports dual-path 
mode 


- 
Supports 
implementation 
of VSB 


interface with DMA capability 


MWS" 


ORAMCS' 
EPROMCS' 


VSBSEL' 


FPUCS' 
FCIACK' 
VICSEV 


IOSEL'(O·5) 


The VAC068 contains programmable 
regis- 


ters to allow the user to easily define memory 
maps for both the local and VME address 
buses. The VAC068 also contains the address 
counters 
and handshaking 
signals to allow 


easy implementation 
of block-level transfers 


over 256-byte boundaries. 
Additional 
fea- 


tures include dual internal UART channcls, 
redirection control on the local bus to VSB 
(VME 
subsystem 
bus) or shared 
resource 


area, data swapping for unaligned transfers, 
programmable 
DSACKi, 
programmable 


timer and interrupt 
controller, 
and various 


interrupts. 


TheVAC068 connects 
directly to the local 


bus and the VlC068. VMEbus address lines 
A8 through 
A31 are driven 
directly, and 


VMEbus data lines D8 through D 15are driv- 
en by an external buffer. The VAC068 output 
drivers are based on advanced CMOS logic, 
which features patented 
high-drive outputs 


and TTlrcompatible 
inputs. The VAC068 


was designed using high-performance 
stan- 


dard 
cells 
on 
an 
advanced 
one-micron 
CMOS process. 
The VAC068 is available in a 144-pin pin grid 
array (with 122 active signals, 22 power and 
ground pins) in both plastic or ceramic pack- 
ages. 


Sample 
Board 
Design 


• 
Dual UART channels on board 
- 
Double-buffered 
on transmit, 


quint-buffered 
on receive 


- 
Baud rate programmable 
in mul- 
tiples of 2, from 300 to 9600 baud 


• 
Miscellaneous 
features 


- 
144-pin grid array or 144-pin 
quad flatpack package 


- 
Plastic or MIL-STD-883C 
screened ceramic packages 
available 
- 
Supports 
unaligned transfers 
- 
Programmable 
DSACKi for local 


I/O 


- 
Programmable 
timer and inter- 
rupt controller 
- 
Programmable 
I/O (PIO) 


Functional 
Description 


The VME address controller (VAC068) is 
a programmable 
memory map address 
controller. In conjuction with the VIC068 
(VMEbus 
interface 
controller), 
the 
VAC068 maximizes the VMEbus 
inter- 
face performance of a master/slave module. 
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VMEbus Signals 


A31 - A08. 
The VME address lines A31-A8 are both input and 


three-statable 
output signals. 


AS. This signal is the VME Address Strobe and is an input only. 


1015 - 108. The isolated data lines IDI5-ID8 
are both input and 


three-state output signals used to drive the VMEbus in conjunc- 
tion with a transparent 
latching bidirectional I/O buffer. 


CPU - Interface 
Signals (Local Side) 


LD31 - LD16. 
The CPU data lines LD31-LDI6 
are both input 


and three-statable 
output signals. These lines are the data input 


path to the VAC068 for register writing and reading of on-board 
control registers. 


LA31 - LA08. These pins are the CPU address lines used for ac- 
cess to the VAC068. These signals are both inputs and three-stat- 
able outputs. They are also used as the input address for the VME 
master operations. 
During a slave access, thesc are the local ad- 


dress lines to communicate 
to the local device. 


PAS. 
The PAS line is the local address strobe and is an input to 
the VAC068. This signal tells the VAC068 that the address on the 
bus is a valid address. 


R/w' 
The R/W pin is the local read/write-type 
access pin. This 


pin is an input only to the VAC068. 


DSACKO - DSACK1. 
These are data transfer acknowledge sig- 


nals. They are three-statable 
GUtputs. 


RESET. 
The reset signal is used to reset the VAC068 in two ways. 


If the RESET and the WORD are used together, a total glohal in- 
ternal reset will occur. If RESET is held WW for more than 1,028 
clock cycles, a global internal reset will occur. 


DRAMCS. The DRAMCS is an output-only pin and will be active 
when the local address maps into this area. 


EPROMCS. 
The EPROMCS 
is an output-only pin and is active 
upon a global reset in a fixed area in the memory map, or under 
redirection on the local bus. 


VICSEL. 
The VICSEL is an output-only pin and is active when 


the fIxed address of the VIC068 (FFFC XXXX) ispresented on the 
LA31-LA08 pins. 


ASIZO - ASIZ1. 
The ASlZO-ASIZ1 are input and three-statable 
output pins used to profile the address size of an access. These pins 
will be active upon the programming of the register and an address 
comparison in a particular region. 


WORD. 
The WORD pin is an input and three-statable 
output. 


This pin will be active under programmable 
control of the appro- 


priate register and a comparison valid access. Indicates a word ac- 
cess in this region of the memory map. 


MWB. The MWB pin is output only and is active under program- 
mable control when the local address is in the valid region. This 
signal indicates to the VIC068 that a VMEbus address appears on 
the local address bus. 


FClACK. 
The FCIACK pin will be active when an interrupt ac- 


knowledge cycle is in progress. This pin is an output only signal. 


FC2 - FCO. 
The FC2-FCO pins are input-only and are used by 
the VAC068 to determine the access type (i.e., lACK, REFRESH, 
Local DMA etc.) 


LDMACK. The LDMACKsignal 
is an output-only signal and will 


be active when local DMA activity is mapped into a particular re- 
gion. 
CACHINH. 
The CACHINH signal is output only. It is under pro- 


grammable control and will inhibit the cache in a region access af- 
ter a comparison of local address and the memory map. 


FI'UCS. 
The FPUCS pin is output only and will he active when 
a level floating-point coprocccssor access is in progress. 
REFGT. The REFGT pin is output only. This pin signals a refresh 
grant, hased on FC2-FCO and the local address. 


VICLBR. 
The VICLBR pin is input only and uscd to signal the 
VAC068 when the VIC068 is trying to acquire the local bus. 


BI:r. 
The BLT is an input-only pin and used to determine when 
a block-level transfer is in progress. It also is used to increment lo- 
cal address counters internal to the VAC068. 


VSBSEL. 
The VSBSEL pin is output only and used to direct an 
access to a daughter board or VSB access. 
CPUCLK. 
The CPUCLK is an input-only pin, TTL-lcvel compat- 


ible, and is typically driven from clock. 


SLSELO. 
The SLSELO is an output-only pin and is active under 


programmable 
control of a comparison 
region. The comparison 


is of the VME address bus and a programmed 
region in the 


VAC068. This pin indicates a need for a slave operation 
to occur 


from the VMEhus. 


SLSEL1. 
The SLSELI is an output-only pin and is active under 
programmable 
control of a comparison 
region. The comparison 


is of the VME address hus and a programmed 
region in the 


VAC068. This pin indicates a need for a slave operation 
to occur 
from the VMEbus. 
ICFSEL. 
The ICFSEL pin is output only and active under pro- 


gramming control of a comparison region. The comparison is of 
the VME address bus and a programmed 
region in the VAC068. 
This pin is indicative of an interprocessor communications 
facility 


on the VMEbus. 
IOSELO. The IOSELO is an output-only pin and active when the 
local hus address has accessed a fixed memory location for this par- 
ticular I/O device. 


IOSELl. 
The IOSELl is an output-only pin and active when the 


local bus address has accessed a fixed memory location for this par- 
ticular I/O device. 


Data Flow Control Signals 


SWDEN. 
The SWDEN is an input-only pin used in conjunction 
DDIR to do a swap of data to or from the isolatcd data hus pins 
ILDO-ILD8 to the local data hus. 


DDIR. The DDIR is an input-only data direction signal generated 
hyVIC068. 


LADO. The LADO signal is an input-only signal to latch address 
out (local address latch control). 


LAD!. 
The LAD! signal is an input only signal to latch address 


in (VME bus address latch control). It is also used to increment 
VMEhus address counters returned to the VAC068. 


LAEN. The LAEN signal is input only to indicate that the VIC068 
has acquired the local hus. It allows thc VAC068 to drive the local 
address bus (LA31-LA08). 


ABEN. The ABEN signal is input only to indicate that the VIC068 
has acquired the VME bus. It allow.; the VAC068 to drive the 
VME address bus (A3l-A03). 


Parallel I/O and Multiplexed 
Pins 


1'100 - TXDA. The 1'100- TXDA pin is an input or three-statable 
output multipurpose pin. It can be programmed to serve as a gen- 
eral-purpose I/O pin bit(O) or as the UART channe\-A 
transmit 


pin. 


1'101 - RXDA. The PIOl-RXDA 
pin is an input or three-statable 


output pin. It can be programmed 
to serve as a general-purpose 
I/O pin bit(l) or as the UART channel-A 
receiver pin. 


1'102 - TXDAB. 
The 1'102- TXDB pin is an input or three-stat- 


able output multipurpose 
pin. It can be programmed 
to serve as 
a general-purpose 
I/O pin bit(2)or as the UART ehannel-B trans- 
mit pin. 


1'103 - RXB. The PI03-RXB 
is an input or three-statable output 


pin. This pin can be programmed to serve as a general-purpose I/O 
pin bit(3) or as the UART channel-B 
receiver pin. 
1'104 - lORD. The PI04-IORD 
is an input or three-statable out- 


put pin. This pin can be programmed to serve as a general-purpose 
I/O pin bit(4) or as the read enable for the local I/O accesses. 


1'105 -IOWR. 
The PI05-IOWR 
pin is an input or three-statable 


output pin. This pin can be programmed to serve as a general-pur- 
pose I/O pin bit(5) or as the write enable for the local I/O accesses. 


1'106 - 10SEL3. 
The PI06-IOSEU 
is an input or three-statable 
output pin. This pin can be j:lrogrammed to serve as a general-pur- 
pose I/O pin bit(6) or as the 10SEL3 enable pin for fixed map I/O 
select. 


1'107. The 1'107 is an input or three-statable 
output pin.This pin 
used as a general-purpose 
I/O pin bit(7) or as programmed 
inter- 


rupt indicator for multiple interrupt signals. 


1'108 - IOSElA. 
The PI08-IOSELA 
pin is an input or a three- 


statable output pin. This pin can be programmed to serve as a gen- 
eral-purpose I/O pin bit(8) or as the IOSELA enable pin for fixed 
map I/O select. 


1'109 - 10SELS. 
The PI09-IOSE1.5 
pin is an input or a three- 


statable output pin. This pin can be programmed to serve as a gen- 
eral-purpose I/O pin bit(9) or as the IOSE1..5 enable pin for fixed 
map I/O select. 


1'1010. 
The 1'1010 pin is an input or three-statable 
output pin. 


This pin used as a general-purpose 
I/O pin bit(lO) or as pro- 


grammed interrupt indicator for multiple interrupt signals. 
1'1011. 
The 1'1011 pin is an input or a three-statable 
output pin. 
This pin used as a general-purpose 
I/O pin bit(ll) 
or as pro- 


grammed interrupt 
indicator for multiple interrupt signals. 


1'1012 - SHRCS. 
The PI012-SHRCS 
pin is an input or a three- 


statable output pin. This pin can be programmed to serve as a gen- 
eral-purpose I/O pin bit(12) or as the output for a shared-resource 
region under program control. 


1'1013 -IOSEL2. 
The PI013-IOSEt2 
pin is an input or a three- 


statable output pin. This pin can be programmed to serve as a gen- 
eral-purpose I/O pin bit(13) or as the 10SEt2 
enable pin for fIXed 


map I/O select. 


Application 
Overview 


The VAC068 is a complementary 
chip to the VIC068 VMEbus in- 
terface controller. The VAC068 implements the VMEbus address 
transceivers, both VME and local address decoding, and DMA 


The VAC068 even allow.; slow LSl peripheral chips to be added 
to a system using a 25-MHz or faster CPU, with no additional sup- 
port logic. 


The VAC068 connects directly to the local bus. The only addition- 
al logic required with the VIC068 and VAC068 for a complete 
VME interface is the VME data transceivers, a swap buffer and 
isolation buffers for the lower data bus. The VAC068 includes one 
of the two data swap buffers required for unaligned transfers. 


On the local bus, only memory, memory control, and I/O devices 
need to be added. The VAC068 decodes the VIC068's function 
codes to simplify local DRAM control circuitry and decodes the 
CPU's function codes to supply both FCPUCS and FCIACK sig- 
nal for the VIC068. The VAC068 may assert its DRAMCS output, 
instead of MWB, when the VME SLSEUJ address is detected on 
the local address bus. It also asserts DRAMCS on a LAEN (ap- 
proximately when the VIC068 receives a local bus grant) in re- 
sponse to the assertion ofSLSELO. By means of a programmable 
control register, SLSELl 
may be paired with any other of the 


VAC068's local address decode outputs so that if SLSELl VME 
address is detected on the local address bus, the access may be redi- 
rected from the VME bus to the appropriate 
local device. The 


VAC068 provides local address decoding for EPROM, 
a subsys- 
tem bus, an alternate shared resource, VIC068 and other local I/O 
devices. 


The VAC068 includes both the local and VME address counters 
required to support VMEbus block transfers and allow.; 256-byte 
boundary crossing. With the support of the VAC068, the VIC068 
DMA can also be used for local DMA transfer, from memory to 
local I/O or across the subsystem bus; Le., the VIC068-VAC068 
architecture 
allow.; design of VSB and I/O LSIs that utilize the 


DMA capability. 
The VAC068 also includes dual UARTehannels, 
a programmable 


timer and interrupt 
controller, 
a DSACK timer, and a lORD/ 


10WR generator 
which, in addition to the local map decoding, 


greatly simplifies the addition of peripheral controller circuitry to 
a module based on the VIC068. 


VME Map Decoding 


The VME map decoder will compare the VME address bus with 
the contents of the SLSELO, SLSELl, and ICFSEL base address 
register as masked by the respective mask registers. Each of these 
• 
decoder outputs are programmable 
for a range of addresses estab- 
lished by the mask register and the programmable 
base address 


register. Note that the boundary must be an integer multiple of the 
range (e.g., a 64-Kbyte range must be aligned on 64-Kbyte bound- 
aries). SLSELO is logically tied to DRAMCS in that it is assumed 
that a local bus grant (LAEN) for an assertion of SLSELO results 
in an access of the local DRAM. Hence DRAMCS 
may be as- 


serted 
in that 
case. 
Similarly, 
SL<;ELl 
is tied 
to SHRCS, 


EPROMCS, 
DRAMCS, or VSBSEL according to the program- 
mable control in the decode control register bits 28-29 (FFFD 
14XX). 


If both slave select inputs of the VIC068 are in use and each is en- 
abled for a different address space, then it is possible for both 
SLSELO and SLSELl 
to be asserted 
simultaneously. 
If both 


SLSELO and SLSELl point to the same device or if they are de- 
coded at non-overlapping 
address ranges in the same address 


space, then there is no problem. Otherwise, the one corresponding 
to the larger address space must be considered valid. The VAC068 
enables the SLSELO for slave transfers or for redirected local ae- 


if SLSELO is deasserted. Thus, VAC068 requires SLSbW 
to be 


mapped to the larger of the two address spaces when two different 
address spaces are in use. 


Local Memory 
Map Decoding 


The VAC068 segments the local CPU's address space into a num- 
ber of fixed and variable sized segments with a resolution of 64 
Kbytes. Separate segments are available for DRAM, subsystem 
bus (VSB), alternative shared resource (SHARCS), VME, local 
I/O, and EPROM. In addition to programmable 
segments, which 
may be assigned to VME, fixed size and attribute segments are 
mapped to VME AI6 and VME A24 spaces. For simplicity (consis- 
tent with standard practices) DRAM is hard programmed to start 
at O.The next three segments are fully programmable 
and may be 
disabled or assigned to VME, VSB, or an alternate 
shared re- 
source. Segment attribute registers specify the state of the WORD, 
ASIZI, and ASIZO outputs when each segment is selected. Two 
16-Mbyte spaces for accesses to both 16-bit and 32-bit devices in 
the VME A24 space may be overlayed on the top of these spaces. 
EPROM is mapped in the bottom 15Mbytes of the top 16-Mbyte 
space. Local and VME I/O devices occupy the uppermost mega- 
byte. 128 Kbytes is mapped for each of up to six I/O devices. 
VIC068 and VAC068 each occupy 64 Kbytes. The 
top two 


64-Kbyte spaces are dedicated to the VMEbus short address space. 
The map decode process is overridden at power-up to force read 
accesses to EPROM 
independent 
of its mapping 
until 
the 
EPROM 
address appears on the local address bus. 


Additional comparators 
monitor the local bus for the SLSELi ad- 
dresses. If this function is enabled, the VAC068 asserts the appro- 
priate device select output instead of MWB when it recognizes a 
valid slave address on the local address bus. This allows the local 
CPU to access data in its shared RAM at the same address as other 
CPUs. Additionally, the slave address may be discovered by using 
the VIC068's ability to assert LBERR when it sees a qualified slave 
select when it is a bus master. 


The VAC068 decodes the CPU function codes, FC(2:0), provides 
VCIACK (for connection to the VIC068) with a floating point c0- 
processor chIp select output, FPUCS, and inhibits the address de- 
coding process during CPU space cycles. Both VCIACK 
and 


FPUCS are inhibited when the VIC068 owns the local bus (LAEN 
asserte.QLFCIACK 
is further 
qualified with the local address 
strobe PAS.The FPUCS can be asserted as soon as ~PUCLK goes 
LOW or can be delayed until PAS asserts. FPUCS asserts a c0- 
processor 10 of 1 when LA(19-13) equals XX 10001 and FC(2-0) 
= 111.FCIACK asserts on FC(2-0) = 111and LA(17-15) = 111. 


VIC068-VAC068 
DMA Support 


The VAC068 provides the upper address counters and control log- 
ic for both the VMEbus A(31-8) and the local bus LA(31-8) to ex- 
tend the address range to 32 bits and allow crossing of 256-byte 
boundaries on either bus. Its also provides a dual path for address- 
es for the local bus to the VMEbus so that VMEbus accesses may 
be permitted 
during periods of CPU activity and interleaved be- 
tween block transfer DMA bursts without interference with or loss 
of the DMA address. 


VIC068-VAC068 DMA always has local memory as the source or 
smk of data. The data is transferred 
to either the VME interface 


or a local I/O port in a fly-by mode. The VME clock transfer DMA 
operation is a dual-address operation in which the source and sink 


IS transterrea 
to/trom some aaaress In Ine local memory rrom/lO 


some address accessed via the VME bus. Memory-to-memory 
transfers on the local side where both the source and sink address 
are local memory are not supported. 
Local DMA similarly transfers data to/from the specified local 
memory address across an interface boundary. The architecture 
allows a second address to be specified on the other side of this in- 
terface. Thus it allows the implementation 
of a VSB and/or daugh- 
ter board interface with DMA capability. The architecture also al- 
lows fixed address I/O operation 
as would be appropriate 
with a 


SCSI or ETHERNET 
implementation. 


The VAC068 provides a "dual path" for address. This allows CPU 
to perform master VME accesses when it has access to the local 
bus between VIC068-VAC068 DMA bursts (CPU interleave). 


The VAC068 contains a dual full duplex UART Each channel is 
double buffered on transmit and quint buffered on receive. The 
UARTs always transmit two stop bits and require a single stop bit 
on receive. Parity of either polarity may be enabled. Break change 
and parity framing and receive overrun error conditions are de- 
tected. VAC068 general-purpose 
I/O signals may be used for mo- 


dem controls. A serial I/O interrupt 
controller 
allows interrupt- 
driven operation of the serial ports. A programmable 
baud rate 


generator is provided. Each UART's baud rate may be selected in 
multiples of two from 300 to 9600 baud as well as at non-standard 
frequencies. 


Programmable 
DSACKi Timing 


The VAC068 generates DSACKs with programmable 
timing for 


each of its device select outputs 
(except VSB, VIC068, and 
VAC068). 


DSACK Sizing before DSACK EPROM Register is in Control 


Eight-bit or 16-bit EPROM DSACKs can be enabled at power-up. 
For an EPROM data path of 16bits, force ILDLB to a zero at pow- 
er-up. 
If an 8-bit data path is needed, force ILD(9) to zero at pow- 


er-up. The default DSACK assertion for EPROM 
(prior to the 


register being written) is for a 32-bit data path. 


DRAM Dsack Control 


The VAC068 is based on 68020/68030 microprocessor protocol. It 
asserts DSACKs on CPU accesses of DRAM with a programmable 
wait state timing for use with the 68020 or three-states its DSACK 
drivers on DRAM access to allow wither external logic to control 
their timing or for synchronous 
termination 
of DRAM accesses 


with the 68030. 


On VME slave and VIC068 DMA cycles, the VAC068 asserts 
DSACKs with minimum delay, following the assertion of local ad- 
dress strobe PAS. This allows the high-resolution 
DSACKi to 


DTACK delay timer of the VIC068 to meter the delay until data 
is valid. 


Group Interrupt 
Controller 


The VAC068 generates four interrupt requests that are designed 
to connect to local interrupt request pins on the VIC068. The in- 


terrupting functions are serial 110, timer, mailbox, and PIO inter- 
rupt. The control registers structure multiplcxes the various inter- 
rupt requests on up to three VAC pins, which may also be used as 
general-purpose 
I/O pins. 


PIO Interrupt 


The PIO interrupt allows any of PI04, PI07, PI08, and PI09 to 
generate 
an interrupt 
request that may be mapped onto any of 
PI07, PIOlO, or PIOIl, 
and is intended for a specific use of com- 
bining various non-maskable interrupt requests (abort switch, par- 
ity error, and VSB write post) in use on typical single-board com- 
puters. The PIO interrupts are active-low, erupt-sensitive inputs. 
PI09 is filtered through a debouncing circuit to make it suitable for 
use as an ABORT SWITCH interrupt input. 


Abort switch debouncing of PI09 is done by means of a counter. 
A change of state on this input is not recognized until it has been 
stable for 255 clock cycles of this counter. The clock is clocked at 
a rate of9600 baud signal from the UART baud rate generator tim- 
ing chain. This provides a debounce circuit delay of 2tJ.7ms. This 
debounce delay is enabled by a control bit (30) in the PIO function 
register (FFFD lBXX). 


Interrupt 
Status Register 


An interrupt status register allows the CPU to determine which of 
several possible events caused the interrupt. Except for SIOIRQ, 
the serviced interrupt request is withdrawn when the CPU clears 
its mapping bits in the interrupt control register (FFFD 16XX). A 
separate interrupt status register is implemented 
for each of the 


serial I/O channels (A-FFFD 
25XX B-FFFD 
2tJXX). These are 


cleared by resetting the receiver and/or transmitter via the control 
register or clearing the interrupt-eausing 
condition. 


Mailbox Interrupt 


If it is enabled, via interrupt 
control register (FFFD 
16XX) bits 


22-23, the mailbox interrupt is generated by a write to the top 256 
bytes of local DRAM. The mailbox interrupt is activated by aslave 
access using SLSEUJ or when the local CPU's 
access to the 


SLSEUJ address is redirected to local DRAM. 


Serial I/O Interrupts 


Any of several interrupting conditions in the serial 110 ports may 
cause an interrupt. These include transmit ready, transmit shift 
register empty, receiver FIFO full, received character ready, break 
change received, and error conditions, and can be masked in the 
serial interrupt mask register (A-FFFD 
23XX) and monitored in 


the serial interrupt 
status 
register 
(A-FFFD 
25XX B-FFFD 


2tJXX). 


Isolated Local Data Bus for I/O 


The VAC068 pinout includes 10(15-8), the isolated data bus. On 
the module, 
an FCT245 is connected 
between 
LD(15-8) 
and 
10(15- 8) and an FCT543 is connected 
between 10(15-8) and 


D(15-8). The VAC068 provides the data swap connection between 
D(15-8) and LDP(31-24). 
Analysis has shown that connecting 


peripheral controller chips directly to the 68030's data bus is ex- 
tremely difficult at higher CPU clock frequencies. Accordingly, 
systems using the VlC068- VAC068 should be designed to connect 
low-speed peripheral devices to 10(15-8). The VAC068 will enable 
this data path on accesses of such 110 devices as well when 


SWDEN is asserted by the VIC068 and provide data latching and 
output enable control to ease interface timing. 


lORD and 10WR 


The VAC068 generates lORD and 10WR as alternate 110 pins. 
These outputs are syTlchronous to the CPUCLK with a 0-2 clock 
delay from assertion 10SELi to the assertion oflOWR 
and lORD 


as well as the usual delay to DSACKi assertion. The 10SELi out- 
puts may be combinatorial with a minimum delay or synchronous 
with a clock period delay to ensure 
address set-up time. The 


10SELi's 
also have a programmable 
minimum high time since 


most peripheral controller chips cannot handle back to back ac- 
cesses. These features significantly reduce the amount of support 
logic otherwise 
required 
to interface 
LSI peripherals 
to the 


68020/68030. 


I/O Recovery Timer 


The VAC068 provides a programmable 
recovery time between I/O 


device accesses (IOSELi HIGH). 


General-Purpose 
I/O 


Fourteen pins may be individually programmed 
to serve alternate 


functions. The functions available are either general-purpose 
110 


or an alternate such as lORD, IOWR, 10SEL2-IOSELS, 
inter- 
rupt, or asynchronous serial 110. 


Programmable 
Timer 


A 16-bit programmable 
timer with a 6-bit prescaler is provided. In- 


teraction with the timer is by means of a timer control register and 
a timer data register. The control register contains a 6-bit prescaler 
value, an enable/load 
bit and a once/continuous 
bit. 
When the 


timer control register is read, LD(15-8) will be driven with the in- 
stantaneous 
state of the prescaler counter. Whenever 
the timer 


overflows, or while it is disabled, the timer is loaded with the con- 
tents of the timer data register. When the timer data register is 
read, the data bus is driven with the instantaneous state of the tim- 
er (e.g., the 16-bit counter). 


Cache Inhibit Output 


The VAC068 provides a cache inhibit signal for connection to the 
corresponding 
input of the local CPO. CACHINH 
is asserted on 
any 110 device access, on any redirected access of DRAM, any ac- 
cess to the top 256 bytes of DRAM if the mailbox interrupt is en- 
~. 
abJed. CACHIN is deasserted in the remainder of the DRAM and 
..:. 
in EPROM and maybe programmed either HIGH orLOW in the 
remainder of the memory map. 


Resetting 
the VAC068 


The RESET pin is the reset input to the VAC068 part. There are 
two methods available for generating 
a complete internal global 
reset: 


1. 
Assert RESET. After a MINIMUM of five clock cycles assert 
WORD 
and hold both LOW for a minimum 
of 10 clock 


cycles. Release both pins and the VAC068 will be internally 
reset and ready for register loading. 


2. 
Assert the RESET pin and hold for 1,028 CPUCLK cycles 
and then release. Note that the RESET INSTRUCTION 
is 


defined as any reset of less than 1,028clock cycles. (Only the 
interrupt register is cleared in this case-the 
rest of the pro- 


grammed memory map will remain intact). 


Results After Global 
Reset 


Upon a global reset the VAC068 is in a forced EPROM state. The 
EPROM CS will be forced on every access no matter what the ad- 
dress is on the bus (until there is a write to EPROM address space). 
If reset is not done by either of these two methods there is no guar- 
antee of the contents of the registers. The GLOBAL reset will re- 
set all registers to a zero value. 


Addressסס ooסס oo 


Region 0 
Local Drum 


Programmable 
Boundary 1 


Region 1 
Map to VME or VSB/daughter 
board or SHRCS 


Programmable 
Boundary 2 


Region 2 
Map to VME or VSB/daughter 
board or SHRCS 


Programmable 
Boundary 3 


Region 3 
Map to VME or VSB/daughter 
board or SHRCS 


Address FFOOסס oo 


Region 4 
EPROM 


Address FFFOסס oo 


Region 5 
WCALI/O 
- 


Address FFFEסס oo 


Region 6 
VMEbus A16 D16 


Address FFFFסס oo 


Region 7 
VMEbus A16 D16 


Address FFFF FFFF 


Local 
Register 


Address 
Register List 
Size 


FFFD OOXX 
SI:SELl Address Mask Register 
16 bits 


FFFD OlXX 
SI:SELl Base Address Register 
16 bits 


FFFD 02XX 
sr:sm Address Mask Register 
16 bits 


FFFD 03XX 
sr:sm Base Address Register 
16 bits 


FFFD 04XX 
ICFSEL Address Register 
16 bits 


FFFD 05XX 
DRAM Upper Limit Register 
16 bits 


FFFD 06XX 
Boundary 2 Address Register 
16 bits 


FFFD 07XX 
Boundary 3 Address Register 
16 bits 


FFFD oaxx 
A24 ADD Space Base Address Register 
8 bits 


FFFD09XX 
Region 1 Attribute Register 
8 bits 


FFFDOAXX 
Region 2 Attribute 
Register 
8 bits 


FFFDOBXX 
Region 3 Attribute Register 
8 bits 


FFFDOCXX 
IOSHA 
DSACK Control Register 
16 bits 


FFFDODXX 
IOSELS DSACK Control Register 
16 bits 


FFFDOEXX 
SHRCS DSACK Control Register 
16 bits 


FFFDOFXX 
EPROM 
DSACK Control Register 
16 bits 


FFFD 10XX 
IOSELO DSACK Control Register 
16 bits 


FFFD IlXX 
IOSELl 
DSACK Control Register 
16 bits 


FFFD 12XX 
IOSEI.2 DSACK Control Register 
16 bits 


FFFD 13XX 
IOSED 
DSACK Control Register 
16 bits 


FFFD 14XX 
Decode Control Register 
16 bits 


FFFD 15XX 
Interrupt Status Register 
8 bits 


FFFD 16XX 
Interrupt Control Register 
16 bits 


FFFD 17XX 
Device Location Register 
8 bits 


FFFD 18XX 
PIO Data Out Register 
16 bits 


FFFD 19XX 
PIO Pin Register 
12 bits 


FFFD lAXX 
PIO Direction Register 
16 bits 


FFFD lEXX 
PIO Function Register 
16 bits 


FFFDICXX 
Baud Rate Divisor Register 
8 bits 


FFFDIDXX 
Channel A Mode Register 
16 bits 


FFFD lEXX 
Channel A Transmit Data Register 
8 bits 


FFFD IFXX 
Channel B Mode Register 
16 bits 


FFFD 20XX 
Channel A Receiver FIFO 
11 bits 


FFFD 2lXX 
Channel B Receiver FIFO 
11 bits 


FFFD 22XX 
Channel B Transmit Data Register 
8 bits 


FFFD 23XX 
Channel A Interrupt 
Mask Register 
8 bits 


FFFD 24XX 
Channel B Interrupt 
Mask Register 
8 bits 


FFFD 25XX 
Channel A Interrupt 
Status Register 
8 bits 


FFFD 26XX 
Channel B Interrupt 
Status Register 
8 bits 


FFFD 27XX 
Timer Data Register 
16 bits 


FFFD 28XX 
Timer Control Register 
8 bits 


FFFD 29XX 
VAC068 ID Register 
16 bits 


Ordering 
Code 
Package 
Operating 
lYpe 
Range 


VAC068 Be 
Bl44 
Commercial 


VAC068-GC 
Gl44 
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oflE CYPRESS 
F 
SEMICONDUCTOR 


Military Overview 


Features 


Success in any endeavor requires a high level of dedication to the 
task. Cypress Semiconductor 
has demonstrated 
its dedication 


through its corporate commitment 
to support the military mar- 


ketplace. This commitment 
starts with product design. All prod- 


ucts are designed using our state-{)f-the-art CMOS, BiCMOS, and 
bipolar processes, and they must meet the full - 55 to + 125 de- 
grees Celsius operational 
criteria for military use. The commit- 


ment continues with the 1986 DESC certification of our auto- 
mated U.S. facility in San Jose, California. 
The commitment 


show.; in our dedication to meet and exceed the stringent quality 
and reliability requirements 
ofMIlrSTD-883 
and MIlrM-3851O. 


It show.; in Cypress's participation in each of the military process- 
ing programs: 
MIlrSTD-883C 
compliant, SMD (Standardized 


Military Drawing), and JAN. Finally, our commitment 
show.; in 


our leadership position in special packages for military use. 


Product Design 
Every Cypress product is designed to meet or exceed the full tem- 
perature 
and functional requirements 
of military product. This 
means that Cypress builds military product as a matter of course, 
rather than as an accidental benefit of favorable test yield. De- 
signs are being carried out in our industry-leading 
0.8-micron 


CMOS, BiCMOS, and Bipolar processes. Cypress is able to offer 
a family of products that are industry leaders in density, lowoper- 
ating and standby current, and high speed. In addition, our tech- 
nology results in products with very small manufacturable 
die 


sizes that will fit into the LeCs and flatpacks so often used in mili- 
tary programs. 


DESC-Certified 
Facility 
On May 8, 1986, the Cypress facility at 3901 North First Street in 
San Jose, California was certified by DESC for the production of 
JAN Class B CMOS Microcircuits. This certification not only al- 
low.;Cypress to qualify product for JAN use, but also assures our 
customers that our San Jose Facility has the necessarydocumenta- 
tion and procedures to manufacture product to the most stringent 
of quality and reliability requirements. 
Our wafer fabrication faci- 
lities are Class 10(San Jose) and Class 1(Round Rock, TX) man- 
ufacturing environments 
and our assembly facility is also a clean 


room. In addition, our highly automated 
assembly facility is lo- 


cated entirely in the U.S.A. and is capable of handling virtually 
any hermetic package configuration. 


Data Sheet Documentation 
Every Cypress final data sheet is a corporate document with a revi- 
sion history. The document number and revision appears on each 
final data sheet. Cypress maintains a listing of all data sheet docu- 
mentation and a copy is available to customers upon request. This 
gives a customer the ability to verify the current status of any data 
sheet and it also gives that customer the ability to obtain updated 
specifications as required. 


Every final data sheet also contains detailed Group A subgroup 
testing information. All of the specified parameters that are tested 


at Group A are listed in a table at the end of each final data sheet, 
with a notation as to which specific Group A test subgroups apply. 


Assembly Traceability 
Code@) 


Cypress Semiconductor 
places an assembly traceability code on 


every military package that is large enough to contain the code. 
The ATC automatically provides traceability for that product to 
the individual wafer lot. This unique code provides Cypress with 
the ability to determine 
which operators 
and equipment 
were 


used in the manufacture 
of that product from start to finish. 


Quality and Reliability 


MIlrSTD-883 
and MIlrM-3851O spell out the toughest of quality 


and reliability standards for military products. Cypress products 
meet all of these requirements 
and more. Our in-house quality 


and reliability programs are being updated regularly with tighter 
and tighter objectives. Please refer to the chapter on Quality, Reli- 
ability, and Process Flow.; for further details. 


Military Product Offerings 


Cypress offers three levels of processing for military product. 


First, all Cypress products are available with processing in full 
compliance with MIlrSTD-883, 
Revision C. 


Second, selected products are available to the SMD (Standardized 
Military Drawing) program administered by DESC. These prod- 
ucts are not only fully MIlrSTD-883C 
compliant, but are also 


screened to the electrical requirements 
of the applicable military 


drawing. 


Third, selected products are available as JAN devices. These prod- 
ucts are processed in full accordance with MIlrM-3851O and they 
are screened to the electrical requirements 
of the applicable JAN 


slash sheet. 


Product Packaging 


All packages for military product are hermetic. A look at the pack- 
age appendix in the back of this data book will give the reader an 
appreciation of the variety of packages offered. Included are cer- 
DIPs, windowed CerDIPs, leadless chip carriers (LeCs), leadless 
chip carriers with window.; for reprogrammable 
products, cerpak, 
• 
windowed cerpak, quad cerpak, windowed quad cerpak, bottom- 
brazed flatpacks, and pin grid arrays. As indicated above, all of 
these packages are assembled in the U.S. in our highly automated 
San Jose plant. 


Summary 


Cypress Semiconductor 
is committed to the support of the mili- 
tary marketplace. Our commitment 
is demonstrated 
by our prod- 


uct designs, our DESC-certified 
facility, our documentation 
and 


traceability, our quality and reliability programs, our support of 
all levels of military processing, and by our leadership in special 
packaging. 
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Pins 
JAN/SMD 
IcclIsB/lcCDR 
883 


Size 
Organization 
Part Number 
Speed (ns) 
Availa- 
(DIP) 
Number 
(mA@ns) 
bility 


64 
16x4-lnverling 
16 
CY7C189 
IAA- 25 
70@25 
Now 


64 
16 x4-Non-Inverling 
16 
CY7C190 
5962-89694 
IAA= 25 
70@25 
Now 
64 
16x4-lnverting 
16 
CY27S03/A 
IAA= 25,35 
100@35 
Now 


64 
16x4 - Non-Inverling 
16 
CY27S07/A 
IAA= 25,35 
100@25 
Now 


64 
16 x 4 - InvertinglLow 
Power 
16 
CY27LS03 
IAA= 65 
38@65 
Now 


1K 
256 x 4 -10KJlOKH 
ECL 
24 
CY10E422L 
IAA=5,7 
150@517 
Now 
1K 
256x4 
22 
CY7C122 
5962-88594 
tAA = 25,35 
90@25 
Now 
1K 
256x4 
24S 
CY7C123 
5962-90696 
tAA = 10,12,15 
150@15 
Now 
1K 
256x4 
22 
CY9122/91L22 
5962-88594 
tAA = 35,45 
90@45 
Now 
1K 
256x4 
22 
CY93422A/93L422A 
IAA= 45,55,60,75 
90@55 
Now 
4K 
4Kx1-CSPower-Down 
18 
CY7C147 
M385101289 
IAA~ 35,45 
1l0/10@35 
Now 
4K 
4Kx 1-CS 
Power-Down 
18 
CY2147 
M385101289 
IAA= 45,55 
140/25@45 
Now 
4K 
4Kx 1-CS 
Power-Down 
18 
CY7C147 
5962-88587 
IAA= 35,45 
1l0110@35 
Now 
4K 
4Kx1-CSPower-Down 
18 
CY2147 
5962-88587 
IAA= 45,55 
140125@45 
Now 
4K 
1Kx4-lOKJ10KHECL 
24 
CYlOE474L 
5962-91518 
tAA=5,7 
190@517 
Now 
4K 
1Kx4 -CS 
Power-Down 
18 
CY7C148 
M385 10/289 
IAA= 35,45 
110110@35 
Now 
4K 
1Kx4-CS 
Power-Down 
18 
CY2148 
M38510/289 
IAA= 45,55 
140/25@45 
Now 
4K 
1Kx4 
18 
CY7C149 
IAA= 35,45 
1l0@35 
Now 
4K 
1Kx4 
18 
CY2149 
tAA = 45,55 
140@45 
Now 
4K 
1Kx4-Separate 
I/O 
24S 
CY7C150 
5962-88588 
tAA = 12,15,25,35 
100@15 
Now 


8K 
1Kx8-DuaJ 
Pori 
48 
CY7C130/31 
5962-86875 
tAA = 35,45,55 
120/40@45 
Now 


8K 
1Kx8-Dual 
Pori Slave 
48 
CY7C140/41 
5962-86875 
tAA = 35,45,55 
120/40@45 
Now 


16K 
2Kx8-CS 
Power-Down 
24S 
CY7C128A 
5962-89690 
tAA = 20,25 
125@20 
Now 


16K 
2Kx8-CS 
Power-Down 
24 
CY6116AI7A 
5962-89690 
tAA = 20,25 
125@20 
Now 
16K 
2Kx 8 -CS 
Power-Down 
24S 
CY7C128 
tAA = 45,55 
100/20@55 
Now 


16K 
2K x 8 -CS 
Power-Down 
24S 
CY7C128A 
84036 
tAA = 35,45,55 
125/40@25 
Now 


16K 
2K x 8 - CS Power-Down 
24 
CY611617 
tAA = 45,55 
130/20@45 
Now 
16K 
16Kx 1-CS 
Power-Down 
20 
CY7C167 
84132 
tAA = 35,45 
50/20@45 
Now 
16K 
16Kx 1-CS 
Power-Down 
20 
CY7C167A 
84132 
tAA = 20,25,35 
70/20@25 
Now 
16K 
4Kx4-CSPower-Down 
20 
CY7C168 
5962-86705 
IAA= 35,45 
70/20@45 
Now 


16K 
4Kx4 -CS 
Power-Down 
20 
CY7C168A 
5962-86705 
IAA= 20,25,35 
100/20@25 
Now 


16K 
4Kx4 
20 
CY7C169 
IAA= 40 
70@40 
Now 
16K 
4Kx4 
20 
CY7C169A 
IAA= 20,25,35 
100/20@35 
Now 


16K 
4Kx4 -OUlput 
Enable 
22S 
CY7C170 
IAA= 45 
120@45 
Now 
16K 
4Kx4 -Ouipul 
Enable 
22S 
CY7C170A 
IAA= 20,25,35 
120@25 
Now 


16K 
4K x4 -Separate 
I/O, T-wrile 
24S 
CY7C171 
IAA= 45 
70@45 
Now 


16K 
4Kx4-Separalel/0 
24S 
CY7Cl72 
IAA= 45 
70@45 
Now 


16K 
4Kx4-Separatel/0 
24S 
CY7Cl71AI2A 
IAA= 20,25,35 
100/20@25 
Now 


16K 
2Kx8-DualPort 
48 
CY7Cl32/36 
5962-90620 
IAA= 35,45,55 
170/65@35 
Now 


16K 
2K x 8 - Dual Port Slave 
48 
CY7C142/46 
5962-90620 
tAA = 35,45,55 
120/40@45 
Now 
64K 
8Kx8-CS 
Power-Down 
28S 
CY7C185A 
5962-38294 
tAA = 20,25,35,45,55 
125@20 
Now 
64K 
8Kx8-CSPower-Down 
28S 
CY7C185A 
5962-89691 
tAA = 20,25 
125@20 
Now 
64K 
8Kx 8 -CS 
Power-Down 
28S 
CY7C185A 
5962-85525 
tAA = 35,45,55 
100/20/1@45 
Now 
64K 
8Kx8-CSPower-Down 
28S 
CY7B185 
tAA = 12,15 
145/50@15 
Now 
64K 
8Kx8-CS 
Power-Down 
28 
CY7C186A 
5962-38294 
tAA = 20,25,35,45,55 
125@20 
Now 
64K 
8Kx8-CSPower-Down 
28 
CY7C186A 
5962-89691 
t"" 
= 20,25 
125@20 
Now 
64K 
8Kx8 -CS 
Power-Down 
28 
CY7C186A 
5962-85525 
tAA = 35,45,55 
100/2011@45 
Now 
64K 
8Kx8-CSPower-Down 
28 
CY7B186 
tAA = 12,15 
145/50@15 
Now 
64K 
16Kx4-CSPower-Down 
22S 
CY7C164A 
5962-89692 
IAA= 20,25 
90@20 
Now 
64K 
16Kx4-CS 
Power-Down 
22S 
CY7C164A 
5962-86859 
tAA = 35,45 
70120/1@35 
Now 
64K 
16Kx4-CS 
Power-Down 
22S 
CY7B164 
tAA = 12,15 
135/50@15 
Now 
64K 
16Kx4-CS 
Power-Down 
24S 
CY7C166A 
5962-89892 
tAA = 20,25 
90@20 
Now 
64K 
16Kx4-0utput 
Enable 
24S 
CY7C166A 
5962-86859 
IAA= 35,45 
70/20/1@35 
Now 
64K 
16Kx4-0utput 
Enable 
24S 
CY7B166 
tAA = 12,15 
135/50@15 
Now 
64K 
16Kx4 -Separate 
I/O, T-wrile 
28S 
CY7C161A 
5962-90594 
IAA= 20,25,35,45 
70/20/1@35 
Now 
I 
64K 
16Kx4-Separalel/0 
28S 
CY7C162A 
5962-89712 
tAA = 20,25,35,45 
70/20/1@35 
Now 
64K 
16Kx4-Separale 
I/O 
28S 
CY7B161/2 
tAA = 12,15 
135/50@15 
Now 
64K 
64Kx 1-CS 
Power-Down 
22S 
CY7C187A 
5962-86015 
IAA= 20,25,35,45 
70/20/1@35 
Now 
256K 
16Kx16-CacheRAM 
44 
CY7C157 
IAA~ 24,33 
300@24 
Now 
256K 
32Kx8-CS 
Power-Down 
28 
CY7C198 
5962-88662 
IAA= 35,45,55 
160/35@35 
Now 
256K 
32Kx8-CS 
Power-Down 
28S 
CY7C199 
5962-88662 
tAA = 35,45,55 
160135@35 
Now 
256K 
64Kx4-CS 
Power-Down 
24S 
CY7C194 
5962-88681 
t •• = 35,45 
130/35@35 
Now 
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Size 
Organization 
Pins 
Part Number 
JAN/SMD 
Speed (ns) 
Icc!IsB/lcCDR 
883 


(DIP) 
Number 
(mA@ns) 
Availability 


256K 
64Kx4-CSPD 
+OE/CE2 
28S 
CY7C196 
tAA = 35,45 
130/35@35 
Now 
256K 
64Kx4-Separate 
I/O 
28S 
CY7Cl92 
5962-89935 
tAA = 25,35,45 
130/35@35 
Now 
256K 
256Kx1-CS 
Power-Down 
24S 
CY7C197 
5962-88725 
tAA = 25,35,45 
110/35@35 
Now 
256K 
32Kx8-CSPower-Down 
28 
CY7B198 
tAA = 15,20 
170/60@15 
3091 
256K 
32Kx8-CSPower-Down 
28S 
CY7B199 
tAA = 15,20 
170/60@15 
3091 


256K 
64Kx4 -Separate 
I/O, T-write 
28S 
CY7Bl91 
tAA = 15,20 
145/60@15 
4091 


256K 
64Kx4-Separate 
I/O, T-write 
28S 
CY7B191 
5962-90664 
tAA = 25,35,45 
130/35@35 
Now 


256K 
64Kx4-Separate 
110 
28S 
CY7B192 
tAA = 15,20 
145/60@15 
4091 


256K 
64Kx4 -CS 
Power-Down 
24S 
CY7B194 
tAA = 15,20 
145/60@15 
4091 


256K 
64Kx4-CSPD,OE 
28S 
CY7B195 
tAA = 15,20 
145/60@15 
4091 


256K 
64Kx4-CSPD,OE,2CE 
28S 
CY7B196 
tAA = 15,20 
145/60@15 
3091 
256K 
256Kx I-Common 
I/O, OE 
24S 
CY7B193 
tAA = 15,20 
120/60@15 
4091 


256K 
256Kx 1-CS 
Power-Down 
24S 
CY7B197 
tAA = 15,20 
120/60@15 
4091 
1M 
128Kx8-CSPower-Down 
32 
CY7ClO8 
tAA = 35,45 
170/60@35 
3091 
1M 
128Kx8-CS 
Power-Down 
32 
CY7ClO9 
tAA = 35,45 
170/60@35 
3091 


1M 
256Kx4-CS 
Power-Down lIE 
28 
CY7C106 
tAA = 35,45 
140135@35 
4091 
1M 
256Kx4-Separate 
I/O, 
32 
CY7C101 
tAA = 35,45 
140/35@35 
4091 
T-Write 


1M 
256Kx4-Separate 
I/O 
32 
CY7C102 
tAA = 35,45 
140/35@35 
4091 
1M 
1Mx 1-C5Power-Down 
28 
CY7C107 
tAA = 35,45 
140/35@35 
4091 


Size 
Organization 
Pins 
Part Number 
JAN/SMD 
5peed(ns) 
IcclIsB 
883 


NumberlW 
(mA@ns) 
Availability 


4K 
512x8-Registered 
245 
CY7C225 
5962-88518(0) 
tSNCO = 30/15, 35/20,40/25 
120@30/15 
Now 
8K 
1K x 8 - Registered 
245 
CY7C235 
5962-88636(0) 
tSNCO = 30/15,40/20 
120@30/15 
Now 
8K 
1Kx8 
24S 
CY7C281 
5962-87651(0) 
tAA = 45 
120@45 
Now 
8K 
1Kx8 
24 
CY7C282 
5962-87651(0) 
tAA = 45 
120@45 
Now 


16K 
2Kx8-Registered 
245 
CY7C245 
5962-87529(W) 
tSNCO = 35/15,45/25 
120@35/15 
Now 


16K 
2Kx8-Registered 
24S 
CY7C245A 
5962-89815(W) 
tSNCO = 18/12,25112,35/15 
120@25/15 
Now 


16K 
2K x 8 - Registered 
245 
CY7C245A 
5962-88735(0) 
tSNCO = 25112,35/15 
120@25/15 
Now 


16K 
2Kx8 
24S 
CY7C291 
5962-87650(W) 
tAA = 35,50 
120@35 
Now 
16K 
2Kx8 
24S 
CY7C291A 
5962-88734(0) 
tAA = 25,30,35,50 
120@30 
Now 


16K 
2Kx8 -C5 
Power-Down 
245 
CY7C293A 
5962-88680(W) 
tAA = 25,30,35,50 
120/30@35 
Now 
16K 
2Kx8 
24 
CY7C292 
tAA = 50 
120@50 
Now 
16K 
2Kx8 
24 
CY7C292A 
5962-88734(0) 
tAA = 25,30,35,50 
120@30 
Now 
64K 
8Kx8-CSPower-Down 
245 
CY7C261 
5962-87515(W) 
tAA = 35,45,55 
120/40@35 
Now 
64K 
8Kx8-CS 
Power-Down 
245 
CY7C261 
5962-90803(0) 
tAA = 35,45,55 
120@35 
Now 
64K 
8Kx8 
245 
CY7C263 
5962-87515(W) 
tAA = 35,45,55 
120@35 
Now 


64K 
8Kx8 
24 
CY7C264 
5962-87515(W) 
tAA = 35,45,55 
120@35 
Now 


64K 
8Kx 8 - Registered 
28S 
CY7C265 
tSNCO = 50/25,60125 
120@50/25 
Now 


64K 
8Kx8-EPROM1'inout 
28 
CY7C266 
tAA = 55 
90 
Now 
64K 
8Kx 8 - RegisteredIDiagnostic 
28S 
CY7C269 
tSNco = 50/25,60/25 
100@60/25 
Now 
64K 
8Kx8 - RegisteredIDiagnostic 
32 
CY7C268 
tSNco 
= 50/25,60/25 
100@60/25 
Now 
128K 
16Kx8-C5Power-Down 
28S 
CY7C251 
5962-89537(W) 
tAA = 55,65 
120/35@55 
Now 
128K 
16Kx8 
28 
CY7C254 
5962-89538(W) 
tAA= 55,65 
120@55 
Now 
256K 
32K x 8 -C5 
Power-Down 
285 
CY7C271 
5962-89817(W) 
tAA = 45,55 
130/40@55 
Now 
256K 
32Kx8-EPROMPinout 
28 
CY7C274 
tAA = 45,55 
130/40@55 
Now 
256K 
32Kx8-Registered 
28S 
CY7C277 
lSNCO = 40/20,50125 
130/40@55 
Now 
256K 
32Kx8-Latched 
285 
CY7C279 
tAA = 45,55 
130/40@55 
Now 


512K 
64Kx8-Fasl 
Column Access 
285 
CY7C285 
tAAIFCA 
= 75/25,85/35 
200@75 
Now 


512K 
64Kx8-EPROMPinout 
28 
CY7C286 
tAA = 70 
150@70 
Now 


512K 
64Kx8-Registered 
285 
CY7C287 
tSNcO = 65/20 
150@65 
Now 
512K 
64 K x8 - FCAlReg or Latched 
325 
CY7C289 
tAAIFCA 
= 75/25,85/35 
200@75 
Now 


Organization 
Pins 
Part Number 
JAN/SMD 
Speed (ns/MHz) 
lcc 
883 


Number/I)· 
(mA@n8lMHJ:) 
Availability 


PALC20 
16L8, 16R8, 16R6, 16R4 
20 
PALC16XX 
5962-88678(W) 
tpD = 20,30,40 
70@20 
Now 
PALC20 
16L8, 16R8, 16R6, 16R4 
20 
PALCI6XX 
5962-88713(0) 
tpD = 20,30,40 
70@20 
Now 
PLD20 
18G8-Generic 
20 
PLDCI8G8 
5962-91568(0) 
tpD/S/CO = 15/15/20 
no 
Now 


PLD24 
22VIOC-MacnlCell 
24S 
PAL22VIOC 
tpDISICO = 12/4.5/9.5 
190@12 
2Q91 


PLDC24 
22VIO-Macrocell 
24S 
PALC22VIO 
5962-87539(W) 
tpDIS/CO= 20/17/15 
100@25 
Now 
PLDC24 
22VIO- 
Macrocell 
24S 
PALC22VIO 
5962-88670(0) 
tpDISICO 
= 20117115 
100@25 
Now 
PLDC24 
22VIO- 
Macrocell 
24S 
PALC22VIO 
M38510/507(W) 
tpDISICO 
= 20117/15 
120@25 
2Q91 
PLDC24 
20G 10 - Generic 
24S 
PLDC2OGIO 
5962-88637(0) 
tpDlSlCO= 20117/15 
80@30 
Now 
PLDC24 
20RA I0 - Asynchronous 
24S 
PLD20RAIO 
5962-90555(0) 
tpDlStJlCO= 20110/20 
100@25 
Now 
ECL 
16P8-IOKHECL 
24S 
CYIOE301 
5962-90573(0) 
tpD = 5 
-240@5 
Now 
ECL 
16P4-IOKH 
ECL 
24S 
CYIOE302 
tpD = 4 
-220@4 
Now 
PLDC28 
7C330-5tate 
Machine 
285 
CY7C330 
5962-89546(W) 
50,40,28MHz 
180@40MHz 
Now 


PLDC28 
7C33I- 
Asynchronous 
285 
CY7C331 
5962-90754(W) 
tpD = 20/25/40 
200@20MHz 
Now 


PLDC28 
7C331- 
Asynchronous 
285 
CY7C331 
5962-89855(0) 
tpD = 20/25/40 
200@20MHz 
Now 
PLDC28 
7C332-Combinatorial 
285 
CY7C332 
tpD = 20/25/30 
200@24MHz 
Now 


PLD28 
7B336-Input 
Reg/2PTS 
285 
CY7B336 
fMAXD= 131 MHz 
180 
2Q91 


PLD28 
7B337 -Input 
Reg/4PTS 
285 
CY7B337 
fMAXD= 125 MHz 
180 
2Q91 
PLD28 


~t~~~di~~ut 


28S 
CY7B338 
tpD = 8 
180 
2Q91 


PLD28 
7B339-0utput 
285 
CY7B339 
tpD = 7 
180 
2Q91 


Latched/4PTS 
MAX28 
7C344 - 32 Macrocell 
285 
CY7C344 
5962-90611 (W) 
tpDISICO 
= 25/15115 
220/170 
Now 
MAX40 
7C343-64 
Macrocell 
40/44 
CY7C343 
tpDlSlCO 
= 35/25120 
160/120 
Now 
MAX68 
7C342-128 
Macrocell 
68 
CY7C342 
5962-89468(W) 
tpDIS/CO= 35/25/20 
320/240 
Now 


MAX84 
7C341- 
192 Macrocell 
84 
CY7C341 
tpD = 35 
320/240 
3Q91 
PLDC28 
7C361-5tate 
Machine 
285 
CY7C361 
100,83,50 
MHz 
150@100MHz 
Now 


Organization 
Pins 
Part Number 
JAN/SMD 
Speed 
Icclls• 
883 


Number 
(mA@ns/MJIJ:) 
Availability 


64 x4 - Cascadeable 
16 
CY3341 
1.2,2MHz 
60@2.0MHz 
Now 


64 x4 - Cascadeable 
16 
CY7C401 
10,15,25MHz 
90@15MHz 
Now 


64 x4 - Cascadeable/OE 
16 
CY7C403 
5962-89523 
10,15,25MHz 
90@25MHz 
Now 
64 x 5 - Cascadeable 
18 
CY7C402 
IO,15,25MHz 
90@15MHz 
Now 
64 x 5 -Cascadeable/OE 
18 
CY7C404 
5962-86846 
10,15,25 
MHz 
90@25MHz 
Now 


64 x 8 - Cascadeable/OE 
285 
CY7C408A 
5962-89664 
15,25MHz 
120@25MHz 
Now 
64 x 9 - Cascadeable 
285 
CY7C409A 
5962-89661 
15,25MHz 
120@25MHz 
Now 
512x9-Cascadeable 
28 
CY7C420 
5962-89863 
tA = 25,30,40,65 
ns 
140/30@30 
Now 


512x9-Cascadeable 
285 
CY7C421 
5962-89863 
tA = 25,30,40,65ns 
140/30@30 
Now 
lKx9-Cascadeable 
28 
CY7C424 
lA = 25,30,40,65ns 
140/30@30 
Now 
IKx9-Cascadeable 
285 
CY7C425 
tA = 25,30,40,65ns 
140/30@30 
Now 


2Kx9-Cascadeable 
28 
CY7C428 
5962-88669 
tA = 25,30,40,65 
ns 
140/30@30 
Now 
2Kx9-Cascadeable 
285 
CY7C429 
5962-88669 
tA = 25,30,40,65 
ns 
140/30@30 
Now 
2Kx 9 - Bidirectional 
285 
CY7C439 
tA = 40,65 ns 
165/45@40 
Now 
4Kx9-Cascadeable 
28 
CY7C432 
5962-90715 
tA = 30,40,65 
ns 
160/30@30 
Now 
4Kx9-Cascadeable 
285 
CY7C433 
5962-90715 
tA = 30,40,65 
ns 
160/30@30 
Now 


5I2x9-Clocked 
28S 
CY7C44 I 
tc =14,20,30ns 
200@14 
2Q91 
2Kx9-Clocked 
285 
CY7C443 
tc = 14,20,30 
ns 
200@14 
2Q91 
512 x 9 -Clocked/Caseadeable 
32 
CY7C451 
tc =14,20,30ns 
200@14 
2Q91 


2Kx 9 - Clocked/Cascadeable 
32 
CY7C453 
Ic =14,20,30ns 
200@14 
2Q91 


8Kx9-HalfFullFlag 
28 
CY7C460 
tA = 15,25,40 
ns 
180@25 
3Q91 
8K x 9 - Prog. Flags 
28 
CY7C470 
tA = 15,25,40ns 
180@25 
3Q9I 


16K x9 - Half Full Flag 
28 
CY7C462 
tA= 
15,25,40ns 
180@25 
3Q91 
16Kx9-Prog. 
Flags 
28 
CY7C472 
tA = 15,25,40ns 
180@25 
3Q91 
32Kx9-HalfFull 
Flag 
28 
CY7C464 
tA = 15,25,40ns 
180@25 
3Q91 


32Kx9-Prog. 
Flags 
28 
CY7C474 
tA = 15,25,40ns 
180@25 
3Q91 
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Organization 
Pins 
Part Number 
JAN/SMD 
Speed (ns) 
Icc 
883 


Number 
(mA@••) 
Availability 


2901-4-Bit 
Slice 
40 
CY7C901 
5962-88535 
tcu< = 27,32 
90@27 
Now 


2901-4-Bit 
Slice 
40 
CY2901C 
5962-88535 
C 
180@32 
Now 


4 x 2901-16-Bit 
Slice 
64 
CY7C9101 
5962-89517 
tcu< = 35,45 
85@35 
Now 


2909 -Sequencer 
28 
CY7C909 
tcu< = 30,40 
55@30 
Now 


2911-Sequencer 
20 
CY7C911 
5962-90609 
tcu< = 30,40 
55@30 
Now 


2909 -Sequencer 
28 
CY2909A 
A 
90@40 
Now 
2911-Sequencer 
20 
CY2911A 
5962-90609 
A 
90@40 
Now 


2910 -Controller(17 
-Word Stack) 
40 
CY7C910 
5962-87708 
tcu< = 46,51,99 
90@46 
Now 
2910 -Controller(9-Word 
Stack) 
40 
CY2910A 
5962-87708 
A 
170@51 
Now 


16-Bit Microprogrammed 
ALU 
52 
CY7C9116 
5962-88612 
40,65,79 
166@lOMHz 
Now 


16-Bit Microprogrammed 
ALU 
68 
CY7C9117 
40,65,79 
166@10MHz 
Now 
16x 16 Multiplier 
64 
CY7C516 
5962-86873 
tMC = 42,55,75 
1l0@10MHz 
Now 


16 x 16 Multiplier 
64 
CY7C517 
5962-87686 
tMC = 42,55,75 
1l0@10MHz 
Now 


16 x 16 Multiplier/Accumulator 
64 
CY7C510 
5962-88733 
tMC = 55,65,75 
1l0@10MHz 
Now 


Description 
Pins 
Part Number 
Speed (ns) 
Icc 
883 
(mA@Mn,) 
Availability 


1U 
SPARC 32-Bit Integer Unit 
207 
CY7C601A 
tcYe = 20 MHz 
TBD 
2Q91 
FPU 
Floating-Point 
Unit 
143 
CY7C602A 
tcYe = 20 MHz 
TBD 
3Q91 


CMU 
Cache-Con trolled Memory 
243 
CY7C604A 
tcYe = 20MHz 
TBD 
3Q91 
Management 
Unit 


CRAM 
SPARC Cache RAM 
52 
CY7C157A 
tAA = 33 
TBD 
3Q91 


l1li 
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Modules 


Size 
Organization 
Speed (ns) 
883 
Availability 


SRAMs 


256K 
64Kx4 
SRAM(JEDEC) 
24 
CYMI220 
HD08 
tAA = 15,20 
375@12 
2Q91 


256K 
32Kx8 
SRAM(JEDEC) 
28 
CYMI400 
HD09 
tAA = 15,20 
425@12 
2Q91 
256K 
16K x 16 SRAM (JEDEC) 
40 
CYMI610 
HDOI 
tAA= 15,20,25,35, 
550@15; 
Now 
45,50 
330@25 


1M 
256Kx4 
SRAM(JEDEC) 
28 
CYMI240 
HD07 
tAA = 25,35,45 
480@25 
Now 
1M 
128Kx8 
SRAM(JEDEC) 
32 
CYMI420 
HD04 
tAA = 35,45,55 
210@35 
Now 


1M 
64Kx 16 SRAM (JEDEC) 
40 
CYMI620 
HD03 
tAA = 35,45,55 
340@45 
Now 
1M 
64Kxl6 
SRAM 
40 
CYMI621 
HD02 
tAA = 25,30,35,45 
1250@25 
Now 


1M 
32Kx32SRAM 
66 
CYM1828 
HGOI 
tAA = 35,45,55,70 
400@35 
Now 
2M 
64Kx32SRAM 
60 
CYMI830 
HD06 
tAA = 35,45,55 
880@35 
Now 


4M 
512KxB 
SRAM 
32 
CYMI466 
HDl2 
tAA= 35,45,55,70 
350@35 
Now 


85,100,120 
4M 
256Kx 16 SRAM 
48 
CYM1641 
1-1005 
tAA = 35,45,55 
1800@35 
Now 
8M 
256Kx32 
SRAM 
60 
CYMI840 
HDll 
tAA = 35,45,55 
1120@35 
Now 


FIFOs 


8Kx 9 Cascadeable 
FIFO 
tA = 40,50,65 
Now 


16K x9 Cascadeable 
FIFO 
tA = 40,50,65 
Now 


Notes: 


The Cypress facility at 3901 North First Street in San Jose, CA is DESC-certified 
for JAN class B production. 


All of the above products 
are available with processing to MIL-STD-883C 
at a minimum. 
Many of these products 
are also available either to 
SMDs (Standardized 
Military Drawings) or to JAN slash sheets. 


The speed and power specifications 
listed above cover the full military temperature 
range. 


Modules are available with MIL-STD-883C 
components. 
These modules are assembled and screened 
to the proposed 
JEDEC 
military process- 


ing standard for modules. 


W = Windowed 
Package 
o = Opaq ue Package 
HD = Hermetic 
DIP Module 
HV = Hermetic 
Vertical DIP 


lOOK ECL devices are available only to extended 
temperature 
range. 


22S stands for 22-pin 300-mil DIP. 
24S stands for 24-pin 300-mil DIP. 
28S stands for 2B-pin 300-mil DIP. 


Military Ordering Information 


Cypress Semiconductor 
fully sUpjX>rtsthe DESC standardized 
Military Drawing Program for devices that are compliant to the 
Class B requirements 
of MIL-STD-883. 


Listed below are the SMDs for which Cypress is an approved 
source of supply. Please contact your local Cypress representa- 
tive for the latest SMD update. 


Package!3] 


SMD Number 
Cypress!2] 
Description 
'JYpe 
Product 
Part Number 
Description 


84036 
09JX 
CY6116A-450MB 
24.6 DIP 
012 
2Kx 8 SRAM 
84036 
09KX 
CY7C128A-45KMB 
24 CP 
K73 
2Kx8 
SRAM 
84036 
09LX 
CY7C128A-450MB 
24.3 DIP 
014 
2Kx 8 SRAM 
84036 
09XX 
CY6117A-45lMB 
32 R LeC 
LS5 
2Kx 8 SRAM 
84036 
09YX 
CY7C128A-45lMB 
24 R LeC 
LS3 
2Kx8 
SRAM 
84036 
093X 
CY6116A-45lMB 
28 S LeC 
L64 
2Kx8SRAM 
84036 
llJX 
CY6116A-550MB 
24.6 DIP 
012 
2Kx8 
SRAM 
84036 
llKX 
CY7C128A-55KMB 
24 CP 
K73 
2Kx8SRAM 
84036 
11LX 
CY7C128A-550MB 
24.3 DIP 
014 
2Kx8SRAM 
84036 
11XX 
CY6117A-55LMB 
32 R LeC 
LS5 
2Kx8 
SRAM 
84036 
11YX 
CY7Cl28A-55LMB 
24 R LeC 
014 
2Kx8 
SRAM 
84036 
113X 
CY6116A-55lMB 
28 S LeC 
L64 
2Kx8SRAM 
84036 
14JX 
CY6116A-350MB 
24.6 DIP 
012 
2Kx8 
SRAM 
84036 
14KX 
CY7C128A-35KMB 
24 CP 
K73 
2Kx8 
SRAM 
84036 
14LX 
CY7Cl28A-350MB 
24.3 DIP 
014 
2Kx8 
SRAM 
84036 
14XX 
CY6117A-35lMB 
32 R LeC 
LS5 
2Kx8 
SRAM 
84036 
14YX 
CY7C128A-35lMB 
24 R LeC 
LS3 
2Kx8 
SRAM 
84036 
143X 
CY6116A-35lMB 
28 S LeC 
L64 
2Kx8 
SRAM 
84132 
02RX 
CY7C167-450MB 
20.3 DIP 
06 
16Kx 
1 SRAM 
84132 
02SX 
CY7C167-45KMB 
20CP 
K71 
16Kx 
1 SRAM 
84132 
02YX 
CY7C167-45LMB 
20 R LeC 
LS1 
16Kx 
1 SRAM 
84132 
05RX 
CY7C167-350MB 
20.3 DIP 
06 
16Kx 
1 SRAM 
84132 
05SX 
CY7C167-35KMB 
20CP 
K71 
16Kx 
1 SRAM 
84132 
05YX 
CY7C167-35lMB 
20 R LeC 
LS1 
16Kx 
1 SRAM 
5962-38294 
09MIX 
CY7C185A-55KMB 
28 CP 
K74 
8Kx8 
SRAM 
5962-38294 
23MUX 
CY7C185A-55lMB 
28 R TLCC 
LS4 
8Kx8 
SRAM 
5962-38294 
09MXX 
CY7C186A-550MB 
28.6 DIP 
016 
8Kx8SRAM 
5962-38294 
09MYX 
CY7C186A-55lMB 
32 R LeC 
LS5 
8Kx8 
SRAM 
5962-38294 
09MZX 
CY7C185A-550MB 
28.3 DIP 
022 
8Kx8 
SRAM 
5962-38294 
llMIX 
CY7C185A-45KMB 
28 CP 
K74 
8Kx8 
SRAM 
5962-38294 
25MUX 
CY7C185A-45lMB 
28 R TLCC 
LS4 
8Kx8SRAM 
5962-38294 
11MXX 
CY7C186A-450MB 
28.6 DIP 
016 
8Kx8 
SRAM 
5962-38294 
llMYX 
CY7C186A-45lMB 
32 R LeC 
LS5 
8Kx8 
SRAM 
5962-38294 
llMZX 
CY7C185A-450MB 
28.3 DIP 
022 
8Kx8 
SRAM 
5962-38294 
13MIX 
CY7C185A-35KMB 
28CP 
K74 
8Kx8SRAM 
5962-38294 
27MUX 
CY7C185A-35lMB 
28 R TLCC 
LS4 
8Kx8 
SRAM 
5962-38294 
13MXX 
CY7C186A-350MB 
28.6 DIP 
016 
8Kx8 
SRAM 
5962-38294 
13MYX 
CY7C186A-35lMB 
32 R LeC 
LS5 
8Kx8 
SRAM 
5962-38294 
13MZX 
CY7C185A-350MB 
28.3 DIP 
022 
8Kx8 
SRAM 
5962-38294 
15MIX 
CY7C185A-25KMB 
28 CP 
K74 
8Kx8 
SRAM 
5962-38294 
29MUX 
CY7C185A-25lMB 
28 R TLCC 
LS4 
8Kx8 
SRAM 
5962-38294 
15MXX 
CY7C186A-250MB 
28.6 DIP 
016 
8Kx8 
SRAM 
5962-38294 
15MYX 
CY7CI86A-25LMB 
32 R LeC 
LS5 
8Kx 8 SRAM 
5962-38294 
15MZX 
CY7C185A-250MB 
28.3 DIP 
022 
8Kx 8 SRAM 
5962-38294 
17MIX 
CY7C185A-20KMB 
28 CP 
K74 
8Kx 8 SRAM 
5962-38294 
30MUX 
CY7C185A-20LMB 
28 R TLCC 
LS4 
8Kx8 
SRAM 
5962-38294 
17MXX 
CY7C186A-200MB 
28.6 DIP 
016 
8Kx8 
SRAM 
5962-38294 
17MYX 
CY7C186A-20lMB 
32 R LeC 
LS5 
8Kx8 
SRAM 
5962-38294 
17MZX 
CY7C185A-200MB 
28.3 DIP 
022 
8Kx8 
SRAM 
5962-85525 
05TX 
CY7C185A-55KMB 
28 CP 
K74 
8Kx8 
SRAM 
5962-85525 
05UX 
CY7C185A-55lMB 
28 R TLCC 
LS4 
8Kx8 
SRAM 
5962-85525 
05XX 
CY7C186A-5~DMB 
28.6 DIP 
016 
8Kx 8 SRAM 
5962-85525 
05ZX 
CY7C185A-550MB 
28.3 DIP 
022 
8Kx8SRAM 
5962-85525 
06TX 
CY7C185A-45KMB 
28 CP 
K74 
8Kx8 
SRAM 
5962-85525 
06UX 
CY7C185A-45lMB 
28 R TLCC 
LS4 
8Kx8 
SRAM 


D 
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5962-85525 
06XX 
CY7C186A-450MB 
28.6 DIP 
016 
8Kx8SRAM 
5962-85525 
06ZX 
CY7C185A-450MB 
28.3 DIP 
022 
8Kx8 
SRAM 
5962-85525 
OITX 
CY7C185A-35KMB 
28 CP 
K74 
8Kx8 
SRAM 
5962-85525 
07UX 
CY7C185A-35LMB 
28 R TLCC 
1.54 
8Kx8 
SRAM 
5962-85525 
07XX 
CY7C186A-350MB 
28.6 DIP 
016 
8Kx8 
SRAM 
5962-85525 
07ZX 
CY7C185A-350MB 
28.3 DIP 
022 
8Kx8 
SRAM 


5962-86015 
01YX 
CY7C187A-350MB 
22.3 DIP 
010 
64Kx 
1 SRAM 
5962-86015 
01ZX 
CY7C187A-35LMB 
22 R LeC 
1.52 
64Kx 
1 SRAM 
5962-86015 
02YX 
CY7C187AL-350MB 
22.3 DIP 
010 
64Kx 
1 SRAM 
5962-86015 
02ZX 
CY7C187AL-35LMB 
22 R LeC 
1.52 
64Kx 
1 SRAM 
5962-86015 
03YX 
CY7C187A-450MB 
22.3 DIP 
010 
64Kx 
1 SRAM 
5962-86015 
03ZX 
CY7C187 A-45LMB 
22 R LeC 
1.52 
64Kx 
1 SRAM 
5962-86015 
04YX 
CY7C187AL-450MB 
22.3 DIP 
010 
64Kx 
1 SRAM 
5962-86015 
04ZX 
CY7C187AL-45LMB 
22R 
LeC 
1.52 
64Kx 
1 SRAM 


5962-86705 
12RX 
CY7C168-350MB 
20.3 DIP 
06 
4K x4 SRAM 
5962-86705 
12XX 
CY7C168-35LMB 
20 R LeC 
1.51 
4Kx 4 SRAM 
5962-86846 
01VX 
CY7C404-100MB 
18.3 DIP 
04 
64 x 5 FIFO 
5962-86846 
012X 
CY7C404-lOLMB 
20S 
LeC 
1.61 
64 x 5 FIFO 


5962-86846 
01XX 
CY7C404-lOKMB 
18 CP 
K70 
64 X 5 FIFO 


5962-86846 
02VX 
CY7C404-150MB 
18.3 DIP 
04 
64 X 5 FIFO 


5962-86846 
022X 
CY7C404-15LMB 
20S 
LeC 
1.61 
64 X 5 FIFO 
5962-86846 
02XX 
CY7C404-15KMB 
18 CP 
K70 
64 X 5 FIFO 


5962-86846 
03VX 
CY7C404-250MB 
18.3 DIP 
04 
64 X 5 FIFO 


5962-86846 
032X 
CY7C404-25LMB 
20S 
LeC 
1.61 
64 X 5 FIFO 


5962-86846 
03XX 
CY7C404-25KMB 
18 CP 
K70 
64 X 5 FIFO 


5962-86859 
15KX 
CY7C166AL-45KMB 
24 CP 
K73 
16K X 4 SRAM WIOE 
5962-86859 
15LX 
CY7C166AL-450MB 
24.3 DIP 
014 
16K X 4 SRAM W/OE 
5962-86859 
15UX 
CY7C166AL-45LMB 
28 R LeC 
1.54 
16K X 4 SRAM W/OE 
5962-86859 
15XX 
CY7C166AL-45LMB 
28 R TLCC 
1.54 
16K X 4 SRAM W/OE 
5962-86859 
16KX 
CY7C166A-45KMB 
24 CP 
K73 
16K X 4 SRAM W/OE 


5962-86859 
16LX 
CY7C166A-450MB 
24.3 DIP 
014 
16K X 4 SRAM W/OE 
5962-86859 
16UX 
CY7C166A-45LMB 
28 R LeC 
1.54 
16K X 4 SRAM W/OE 
5962-86859 
16XX 
CY7C166A-45LMB 
28 R TLCC 
1.54 
16K X 4 SRAM W/OE 
5962-86859 
17KX 
CY7C166AL-35KMB 
24 CP 
K73 
16K X 4 SRAM W/OE 
5962-86859 
17LX 
CY7C166AL-350MB 
24.3 DIP 
014 
16K X 4 SRAM W/OE 
5962-86859 
17UX 
CY7C166AL-35LMB 
28 R LeC 
1.54 
16K X 4 SRAM W/OE 
5962-86859 
17XX 
CY7C166AL-35LMB 
28 R TLCC 
1.54 
16K X 4 SRAM W/OE 
5962-86859 
18KX 
CY7C166A-35KMB 
24 CP 
K73 
16K X 4 SRAM W/OE 
5962-86859 
18LX 
CY7C166A-350MB 
24.3 DIP 
014 
16K x 4 SRAM W/OE 
5962-86859 
18UX 
CY7CI66A-35LMB 
28 R LeC 
1.54 
16K X 4 SRAM WIOE 


5962-86859 
18XX 
CY7CI66A-35LMB 
28 R TLCC 
1.54 
16K X 4 SRAM W/OE 
5962-86859 
21KX 
CY7C164AL-45KMB 
24 CP 
K73 
16Kx4 
SRAM 
5962-86859 
21YX 
CY7CI64AL-45DMB 
22.3 DIP 
010 
16Kx4 
SRAM 
5962-86859 
21ZX 
CY7CI64AL-45LMB 
22 R LeC 
1.52 
16Kx4 
SRAM 
5962-86859 
22KX 
CY7C164A-45KMB 
24 CP 
K73 
16Kx4 
SRAM 
5962-86859 
22YX 
CY7C164A-450MB 
22.3 DIP 
010 
16Kx4 
SRAM 
5962-86859 
22ZX 
CY7C164A-45LMB 
22 R LeC 
1.52 
16Kx4 
SRAM 
5962-86859 
23KX 
CY7C164AL-35KMB 
24 CP 
K73 
16Kx4 
SRAM 
5962-86859 
23YX 
CY7C164AL-35DMB 
22.3 DIP 
010 
16Kx4 
SRAM 
5962-86859 
23ZX 
CY7C164AL-35LMB 
22 R LeC 
1.52 
16Kx4 
SRAM 
5962-86859 
24KX 
CY7C164A-35KMB 
24 CP 
K73 
16Kx4 
SRAM 
5962-86859 
24YX 
CY7C164A-350MB 
22.3 DIP 
010 
16Kx4 
SRAM 
5962-86859 
24ZX 
CY7CI64A-35LMB 
22 R LeC 
L52 
16Kx4 
SRAM 
5962-86873 
01XX 
CY7C516-420MB 
64 DIP 
030 
16 X 16 Multiplier 


5962-86873 
01YX 
CY7C516-42LMB 
68 S LeC 
L81 
16 X 16 Multiplier 
5962-86873 
01ZX 
CY7C516-42GMB 
68 PGA 
G68 
16 x 16 Multiplier 
5962-86873 
01UX 
CY7C516-42FMB 
64 QFP 
F90 
16 X 16 Multiplier 


5962-86873 
02XX 
CY7C516-550MB 
64 DIP 
030 
16 x 16 Multiolier 
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5962-86873 
02YX 
CY7C516-55LMB 
68S 
LCC 
L81 
16 x 16 Multiplier 


5962-86873 
02ZX 
CY7C516-55GMB 
68 PGA 
G68 
16 x 16 Multiplier 


5962-86873 
02UX 
CY7C516-55FMB 
64 Q FP 
F90 
16 x 16 Multiplier 


5962-86873 
03XX 
CY7C516-75DMB 
64 DIP 
D30 
16 x 16 Multiplier 
5962-86873 
03YX 
CY7C516-75LMB 
68 S LCC 
L81 
16 x 16 Multiplier 
5962-86873 
03ZX 
CY7C516-75GMB 
68 PGA 
G68 
16 x 16 Multiplier 


5962-86873 
03UX 
CY7C516-75FMB 
64 Q FP 
F90 
16 x 16 Multiplier 


5962-86875 
03XX 
CY7C130-55DMB 
48.6 DIP 
D26 
lK x 8 Dual-Port 
SRAM 
5962-86875 
03YX 
CY7C130-55LMB 
48 LCC 
L68 
lK x 8 Dual-Port 
SRAM 
5962-86875 
03ZX 
CY7C131-55LMB 
52LCC 
L69 
lK x 8 Dual-Port 
SRAM 
5962-86875 
04XX 
CY7C130-45DMB 
48.6 DIP 
026 
lK x 8 Dual-Port 
SRAM 
5962-86875 
04YX 
CY7C130-45LMB 
48 LCC 
L68 
lK x 8 Dual-Port 
SRAM 
5962-86875 
04ZX 
CY7C131-45LMB 
52 LCC 
L69 
1K x 8 Dual-Port 
SRAM 
5962-86875 
llXX 
CY7C140-55DMB 
48.6 DIP 
D26 
lK x 8 Dual-Port 
SRAM 
5962-86875 
llYX 
CY7C140-55LMB 
48 LCC 
L68 
lK x 8 Dual-Port 
SRAM 
5962-86875 
llZX 
CY7C141-55LMB 
52LCC 
L69 
lK x 8 Dual-Port 
SRAM 
5962-86875 
12XX 
CY7C140-45DMB 
48.6 DIP 
D26 
1K x 8 Dual-Port 
SRAM 
5962-86875 
12YX 
CY7C140-45LMB 
48 LCC 
L68 
lK x 8 Dual-Port 
SRAM 
5962-86875 
12ZX 
CY7C141-45LMB 
52LCC 
L69 
lK x 8 Dual-Port 
SRAM 
5962-86875 
17XX 
CY7C130-35DMB 
48.6 DIP 
D26 
lK x 8 Dual-Port 
SRAM 
5962-86875 
17YX 
CY7C130-35LMB 
48 LCC 
L68 
lK x 8 Dual-Port 
SRAM 
5962-86875 
17ZX 
CY7C131-35LMB 
52 LCC 
L69 
lK x 8 Dual-Port 
SRAM 
5962-86875 
18XX 
CY7C140-35DMB 
48.6 DIP 
D26 
lK x 8 Dual-Port 
SRAM 
5962-86875 
18YX 
CY7C140-35LMB 
48 LCC 
L68 
1K x 8 Dual-Port 
SRAM 
5962-86875 
18ZX 
CY7C141-35LMB 
52 LCC 
L69 
1K x 8 Dual-Port 
SRAM 


5962-87515 
05KX 
CY7C261-45TMB 
24 CP 
173 
8K x 8 UV EPROM 


5962-87515 
05LX 
CY7C261-45WMB 
24.3 DIP 
W14 
8K x 8 UV EPROM 
5962-87515 
053X 
CY7C261-45QMB 
28 S LCC 
064 
8K x 8 UV EPROM 


5962-87515 
06KX 
CY7C261-55TMB 
24 CP 
173 
8K x 8 UV EPROM 


5962-87515 
06LX 
CY7C261-55WMB 
24.3 DIP 
W14 
8K x 8 UV EPROM 
5962-87515 
063X 
CY7C261-55QMB 
28 S LCC 
064 
8K x 8 UV EPROM 
5962-87529 
01KX 
CY7C245-45TMB 
24 CP 
173 
2K x 8 Registered 
UV PROM 
5962-87529 
01LX 
CY7C245-45WMB 
24.3 DIP 
W14 
2K x 8 Registered 
UV PROM 
5962-87529 
013X 
CY7C245-45QMB 
28S 
LCC 
064 
2K x 8 Registered 
UV PROM 
5962-87529 
02KX 
CY7C245-35TMB 
24 CP 
173 
2K x 8 Registered 
UV PROM 


5962-87529 
02LX 
CY7C245-35WMB 
24.3 DIP 
W14 
2K x 8 Registered 
UV PROM 


5962-87529 
023X 
CY7C245-35QMB 
28S 
LCC 
064 
2K x 8 Registered 
UV PROM 


5962-87539 
01KX 
PALC22V10-25TMB 
24 CP 
173 
24-Pin 
CMOS UV E Pill 
5962-87539 
01LX 
PALC22VI0-25WMB 
24.3 DIP 
W14 
24-Pin 
CMOS UV E Pill 
5962-87539 
O13X 
PALC22V10-25QMB 
28S 
LCC 
064 
24-Pin 
CMOS UV E Pill 
5962-87539 
02KX 
PALC22VI0-3OTMB 
24 CP 
173 
24-Pin 
CMOS UV E PLD 
5962-87539 
02LX 
PALC22VI0-30WMB 
24.3 DIP 
W14 
24-Pin 
CMOS UV E Pill 
5962-87539 
023X 
PALC22V10-3OQMB 
28S 
LCC 
064 
24-Pin 
CMOS UV E Pill 
5962-87539 
03KX 
PALC22VI0-4OTMB 
24 CP 
173 
24-Pin 
CMOS UV E Pill 
5962-87539 
03LX 
PALC22V10-40WMB 
24.3 DIP 
W14 
24-Pin 
CMOS UV E Pill 
5962-87539 
033X 
PALC22VI0-4OQMB 
28 S LCC 
064 
24-Pin 
CMOS UV E Pill 
5962-87539 
04KX 
PALC22VI0B-2OTMB 
24 CP 
173 
24-PIN CMOS UV E Pill 
5962-87539 
04LX 
PALC22V10B-20WMB 
24.3 DIP 
W14 
24-PIN CMOS UV E Pill 
5962-87539 
043X 
PALC22VI0B-2OQMB 
28 S LCC 
064 
24-PIN 
CMOS UV E Pill 
5962-87650 
01KX 
CY7C291-5OTMB 
24 CP 
173 
2K x 8 UV EPROM 
5962-87650 
01LX 
CY7C291-50WMB 
24.3 DIP 
W14 
2K x 8 UV EPROM 
5962-87650 
O13X 
CY7C291-5OQMB 
28 S LCC 
064 
2K x 8 UV EPROM 


5962-87650 
03KX 
CY7C291-35TMB 
24 CP 
173 
2K x 8 UV EPROM 
5962-87650 
03LX 
CY7C291-35WMB 
24.3 DIP 
W14 
2K x 8 UV EPROM 
5962-87650 
033X 
CY7C291-35QMB 
28S 
LCC 
064 
2K x 8 UV EPROM 


5962-87651 
01JX 
CY7C282-45DMB 
24.6 DIP 
DI2 
lKx8 
PROM 
5962-87651 
01KX 
CY7C281-45KMB 
24 CP 
K73 
1Kx 8 PROM 
5962-87651 
01LX 
CY7C281-45DMB 
24.3 DIP 
014 
lKx 
8 PROM 


5962-87651 
O13X 
CY7C281-45LMB 
28S 
LCC 
L64 
1Kx8PROM 
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5962-87686 
01XX 
CY7C517-420MB 
64 DIP 
030 
16 x 16 Multiplier 
5962-87686 
01YX 
CY7C517-42LMB 
68 S LeC 
LB1 
16 x 16 Multiplier 
5962-87686 
01ZX 
CY7C517-42GMB 
68 PGA 
G68 
16 x 16 Multiplier 
5962-87686 
01UX 
CY7C517-42FMB 
64 Q FP 
F90 
16 x 16 Multiplier 
5962-87686 
02XX 
CY7C517-550MB 
64 DIP 
030 
16 x 16 Multiplier 
5962-87686 
02YX 
CY7C517-55LMB 
68 S LeC 
LB1 
16 x 16 Multiplier 
5962-87686 
02ZX 
CY7C517-55GMB 
68 PGA 
G68 
16 x 16 Multiplier 
5962-87686 
02UX 
CY7C517-55FMB 
64 Q FP 
F90 
16 x 16 Multiplier 
5962-87686 
03XX 
CY7C517-750MB 
64 DIP 
030 
16 x 16 Multiplier 
5962-87686 
03YX 
CY7C517-75LMB 
68 S LeC 
LBI 
16 x 16 Multiplier 


5962-87686 
03ZX 
CY7C517-75GMB 
68 PGA 
G68 
16 x 16 Multiplier 
5962-87686 
03UX 
CY7C517-75FMB 
64 Q FP 
F90 
16 x 16 Multiplier 


5962-87708 
01QX 
CY2910ADMB 
40.6 DIP 
018 
Microprogram 
Controller 
5962-87708 
01UX 
CY2910ALMB 
44 LeC 
L67 
Microprogram 
Controller 
5962-87708 
04QX 
CY7C91O-51DMB 
40.6 DIP 
018 
Microprogram 
Controller 
5962-87708 
04UX 
CY7C91O-51LMB 
44 LeC 
L67 
Microprogram 
Controller 
5962-87708 
05QX 
CY7C91O-460MB 
40.6 DIP 
018 
Microprogram 
Controller 
5962-87708 
05UX 
CY7C91O-46LMB 
44 LeC 
L67 
Microprogram 
Controller 


5962-88518 
01LX 
CY7C225-300MB 
24.3 DIP 
014 
512 x 8 Registered 
PROM 
5962-88518 
O13X 
CY7C225-30LMB 
28 S LeC 
L64 
512 x 8 Registered 
PROM 
5962-88518 
02LX 
CY7C225-350MB 
24.3 DIP 
014 
512 x 8 Registered 
PROM 
5962-88518 
023X 
CY7C225-35LMB 
28 S LeC 
L64 
512 x 8 Registered 
PROM 
5962-88518 
03LX 
CY7C225-400MB 
24.3 DIP 
014 
512 x 8 Registered 
PROM 
5962-88518 
033X 
CY7C225-40LMB 
28 S LeC 
L64 
512 x 8 Registered 
PROM 
5962-88535 
01QX 
CY7C901-320MB 
40.6 DIP 
018 
4-Bit Slice 


5962-88535 
01XX 
CY7C901-32LMB 
44 LeC 
L67. 
4-Bit Slice 


5962-88535 
01YX 
CY7C901-32FMB 
42FP 
F76 
4-Bit Slice 


5962-88535 
02QX 
CY7C901-270MB 
40.6 DIP 
018 
4-Bit Slice 


5962-88535 
02XX 
CY7C901-27LMB 
44 LeC 
L67 
4-Bit Slice 
5962-88535 
02YX 
CY7C901-27FMB 
42 FP 
F76 
4-Bit Slice 


5962-88587 
01VX 
CY7C147-450MB 
18.3 DIP 
04 
4Kx 
1 SRAM 


5962-88587 
01XX 
CY7C147-45KMB 
18 CP 
K70 
4Kx 
1 SRAM 


5962-88587 
01YX 
CY7C147-45LMB 
18 R LeC 
LSO 
4Kx 
1 SRAM 


5962-88587 
02VX 
CY7C147-350MB 
18.3 DIP 
04 
4Kx 
1 SRAM 


5962-88587 
02XX 
CY7C147-35KMB 
18 CP 
K70 
4Kx 
1 SRAM 


5962-88587 
02YX 
CY7C147-35LMB 
18 R LeC 
LSO 
4Kx 
1 SRAM 


5962-88588 
01KX 
CY7C150-35KMB 
24 CP 
K73 
lK x 4 SRAM with Reset 
5962-88588 
01LX 
CY7C150-350MB 
24.3 DIP 
014 
1K x 4 SRAM with Reset 
5962-88588 
01XX 
CY7C150-35LMB 
28 R LeC 
LS4 
1K x 4 SRAM with Reset 
5962-88588 
02KX 
CY7C150-25KMB 
24 CP 
K73 
1K x 4 SRAM with Reset 
5962-88588 
02LX 
CY7C150-250MB 
24.3 DIP 
014 
1K x 4 SRAM with Reset 
5962-88588 
02XX 
CY7C150-25LMB 
28 R LeC 
LS4 
1K x 4 SRAM with Reset 
5962-88588 
03KX 
CY7C150-15KMB 
24 CP 
K73 
1K x 4 SRAM with Reset 
5962-88588 
03LX 
CY7C150-150MB 
24.3 DIP 
014 
1K x 4 SRAM with Reset 
5962-88588 
03XX 
CY7C150-15LMB 
28 R LeC 
LS4 
1K x 4 SRAM with Reset 
5962-88594 
02WX 
CY7Cl22-35DMB 
22.4 DIP 
08 
256 x4 SRAM 


5962-88594 
02KX 
CY7C122-35KMB 
24 CP 
K73 
256 x 4 SRAM 


5962-88594 
03WX 
CY7C122-250MB 
22.4 DIP 
08 
256 x4 SRAM 


5962-88594 
03KX 
CY7C122-25KMB 
24 CP 
K73 
256 x4 SRAM 


5962-88612 
01XX 
CY7C9116-990MB 
52.8 DIP 
028 
16-Bil Microprogrammed 
ALU 
5962-88612 
01YX 
CY7C9116-99FMB 
64 FP 
F90 
16-Bit Microprogrammed 
ALU 
5962-88612 
01UX 
CY7C9116-99LMB 
52 S LeC 
L69 
16-Bit Microprogrammed 
ALU 
5962-88612 
02XX 
CY7C9116-75DMB 
52.8 DIP 
028 
16-Bit Microprogrammed 
ALU 
5962-88612 
02YX 
CY7C9116-75FMB 
64 FP 
F90 
16-Bit Microprogrammed 
ALU 
5962-88612 
02UX 
CY7C9116-75LMB 
52 S LeC 
L69 
16-Bit Microprogrammed 
ALU 
5962-88612 
03XX 
CY7C9116-650MB 
52.8 DIP 
028 
16-Bit Microprogrammed 
ALU 
5962-88612 
03YX 
CY7C9116-65FMB 
64 FP 
F90 
16-Bit Microprogrammed 
ALU 
5962-88612 
03UX 
CY7C9116-65LMB 
52 S LeC 
L69 
16-Bit Microprogrammed 
ALU 


5962-88612 
04XX 
CY7C9116-400MB 
52.8 DIP 
028 
16-Bit Microoro2rammed 
ALU 


Military Ordering Information 


Package!]) 


SMDNumber 
Cypress!2] 
Description 
'JYpe 
Product 


Part Number 
Description 


5962-88612 
04YX 
CY7C9116-40FMB 
64 FP 
F90 
16-Bit Microprogrammed 
ALU 
5962-88612 
04UX 
CY7C9116-40LMB 
52 S LCC 
L69 
16-Bit Microprogrammed 
ALU 


5962-88636 
01KX 
CY7C235-40KMB 
24 CP 
K73 
lK x 8 Registered 
PROM 
5962-88636 
01LX 
CY7C235-40DMB 
24.3 DIP 
D14 
1K x 8 Registered 
PROM 
5962-88636 
013X 
CY7C235-40LMB 
28 S LCC 
L64 
1K x 8 Registered 
PROM 
5962-88636 
02KX 
CY7C235-30KMB 
24 CP 
K73 
lK x 8 Registered 
PROM 
5962-88636 
02LX 
CY7C235-30DMB 
24.3 DIP 
014 
lK x 8 Registered 
PROM 
5962-88636 
023X 
CY7C235-30LMB 
28 S LCC 
L64 
1K x 8 Registered 
PROM 


5962-88637 
01KX 
PillC2OGI0-40KMB 
24 CP 
K73 
Generic 
CMOS PLD 
5962-88637 
01LX 
PillC2OG10-40DMB 
24.3 DIP 
D14 
Generic 
CMOS PLD 
5962-88637 
013X 
PillC2OG10-40LMB 
28 S LCC 
L64 
Generic 
CMOS PLD 
5962-88637 
02KX 
PillC2OG10-30KMB 
24 CP 
K73 
Generic 
CMOS PLD 
5962-88637 
02LX 
PillC2OG10-30DMB 
24.3 DIP 
014 
Generic 
CMOS Pill 
5962-88637 
023X 
PillC2OGI0-30LMB 
28 S LCC 
L64 
Generic 
CMOS PLD 


5962-88662 
03UX 
CY7C199-55LMB 
28 R LCC 
LS4 
32Kx8 
SRAM 
5962-88662 
03XX 
CY7C198-55DMB 
28.6 DIP 
016 
32Kx8 
SRAM 


5962-88662 
03YX 
CY7C198-55LMB 
32 R LCC 
LS5 
32Kx8 
SRAM 


5962-88662 
04UX 
CY7C199-45LMB 
28 R LCC 
LS4 
32Kx8 
SRAM 
5962-88662 
04XX 
CY7C198-45DMB 
28.6 DIP 
016 
32Kx8SRAM 
5962-88662 
04YX 
CY7C198-45LMB 
32RLCC 
LS5 
32Kx8 
SRAM 


5962-88669 
02UX 
CY7C429-65KMB 
28 CP 
K74 
2Kx9 
FIFO 


5962-88669 
02XX 
CY7C428-65DMB 
28.6 DIP 
016 
2Kx 9 FIFO 


5962-88669 
02YX 
CY7C429-65DMB 
28.3 DIP 
D22 
2Kx 9 FIFO 


5962-88669 
02ZX 
CY7C429-65LMB 
32 R LCC 
LS5 
2Kx9 
FIFO 


5962-88669 
04UX 
CY7C429-40KMB 
28 CP 
K74 
2Kx9 
FIFO 


5962-88669 
04XX 
CY7C428-40DMB 
28.6 DIP 
016 
2Kx 9 FIFO 


5962-88669 
04YX 
CY7C429-40DMB 
28.3 DIP 
D22 
2Kx9 
FIFO 


5962-88669 
04ZX 
CY7C429-40LMB 
32 R LCC 
LS5 
2Kx9 
FIFO 


5962-88669 
05UX 
CY7C429-30KMB 
28 CP 
K74 
2Kx9 
FIFO 


5962-88669 
05XX 
CY7C428-30DMB 
28.6 DIP 
016 
2Kx9 
FIFO 


5962-88669 
05YX 
CY7C429-30DMB 
28.3 DIP 
D22 
2Kx9 
FIFO 


5962-88669 
05ZX 
CY7C429-30LMB 
32 R LCC 
LS5 
2Kx9 
FIFO 


5962-88670 
01KX 
PALC22VI0-25KMB 
24 CP 
K73 
24-Pin CMOS Pill 
5962-88670 
01LX 
PALC22V10-25DMB 
24.3 DIP 
014 
24-Pin CMOS PLD 
5962-88670 
O13X 
PALC22VlO-25LMB 
28 S LCC 
L64 
24-Pin CMOS PLD 
5962-88670 
02KX 
PALC22V10-30KMB 
24 CP 
K73 
24-Pin CMOS Pill 
5962-88670 
02LX 
PALC22V10-30DMB 
24.3 DIP 
014 
24-Pin CMOS Pill 
5962-88670 
023X 
PALC22V10-30LMB 
28 S LCC 
L64 
24-Pin CMOS Pill 
5962-88670 
03KX 
PALC22V10-40KMB 
24 CP 
K73 
24-Pin CMOS Pill 
5962-88670 
03LX 
PALC22V10-40DMB 
24.3 DIP 
D14 
24-Pin CMOS Pill 
5962-88670 
033X 
PALC22V10-40LMB 
28 S LCC 
L64 
24-Pin CMOS Pill 
5962-88678 
01RX 
PALC16L8-40WMB 
20.3 DIP 
W6 
20-Pin CMOS UV E PLD 
5962-88678 
01XX 
PALC16L8-4OQMB 
20S 
LCC 
061 
20-Pin CMOS UV E Pill 
5962-88678 
02RX 
PALC16R8-40WMB 
20.3 DIP 
W6 
20-Pin CMOS UV E Pill 
5962-88678 
02XX 
PALC16R8-4OQMB 
20S 
LCC 
061 
20-Pin CMOS UV E Pill 
5962-88678 
03RX 
PALC16R6-40WMB 
20.3 DIP 
W6 
20-Pin CMOS UV E Pill 
5962-88678 
03XX 
PALC16R6-4OQMB 
20 S LCC 
061 
20-Pin CMOS UV E PLD 
5962-88678 
04RX 
PALC16R4-40WMB 
20.3 DIP 
W6 
20-Pin CMOS UV E PLD 
5962-88678 
04XX 
PALC16R4-4OQMB 
20S 
LCC 
061 
20-Pin CMOS UV E PLD 
5962-88678 
05RX 
PALC16L8-30WMB 
20.3 DIP 
W6 
20-Pin CMOS UV E PLD 
5962-88678 
05XX 
PALC16L8-3OQMB 
20S 
LCC 
061 
20-Pin CMOS UV E PLD 
5962-88678 
06RX 
PALC16R8-30WMB 
20.3 DIP 
W6 
20-Pin CMOS UV E PLD 
5962-88678 
06XX 
PALC16R8-3OQMB 
20S 
LCC 
061 
20-Pin CMOS UV E PLD 
5962-88678 
07RX 
PALC16R6-30WMB 
20.3 DIP 
W6 
20-Pin CMOS UV E PLD 
5962-88678 
07XX 
PALC16R6-3OQMB 
20S 
LCC 
061 
20-Pin CMOS UV E PLD 
5962-88678 
08RX 
PALC16R4-30WMB 
20.3 DIP 
W6 
20-Pin CMOS UV E PLD 
5962-88678 
08XX 
PALC16R4-3OQMB 
20S 
LCC 
061 
20-Pin CMOS UV E Pill 
5962-88678 
09RX 
PALC16L8-20WMB 
20.3 DIP 
W6 
20-Pin CMOS UV E PLD 
5962-88678 
09XX 
PALC16L8-2OQMB 
20S 
LCC 
061 
20-Pin CMOS UV E PLD 
5962-88678 
lORX 
PALC16R8-20WMB 
20.3 DIP 
W6 
20-Pin CMOS UV E PLD 
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5962-88678 
lOXX 
PALC16R8-200MB 
20 S LCC 
061 
20-Pin CMOS UV E PLD 
5962-88678 
llRX 
PALC16R6-20WMB 
20.3 DIP 
W6 
20-Pin CMOS UV E PLD 
5962-88678 
11XX 
PALC16R6-200MB 
20S 
LCC 
061 
20-Pin CMOS UV E PLD 
5962-88678 
12RX 
PALC16R4-20WMB 
20.3 DIP 
W6 
20-Pin CMOS UV E PLD 
5962-88678 
12XX 
PALC16R4-2OQMB 
20 S LCC 
061 
20-Pin CMOS UV E PLD 


5962-88681 
01LX 
CY7C194-35DMB 
24.3 DIP 
014 
64Kx4 
SRAM 
5962-88681 
01XX 
CY7C194-35LMB 
28 R LCC 
L54 
64Kx4 
SRAM 
5962-88681 
02LX 
CY7C194-45DMB 
24.3 DIP 
D14 
64Kx4 
SRAM 
5962-88681 
02XX 
CY7C194-45LMB 
28 R LCC 
L54 
64Kx4 
SRAM 


5962-88713 
01RX 
PALC16L8-40DMB 
20.3 DIP 
D6 
20-Pin CMOS PLD 
5962-88713 
01SX 
PALC16L8-40KMB 
20 CP 
K71 
20-Pin CMOS PLD 
5962-88713 
01XX 
PALC16L8-40LMB 
20 S LCC 
L61 
20-Pin CMOS PLD 
5962-88713 
02RX 
PALC16R8-40DMB 
20.3 DIP 
D6 
20-Pin CMOS PLD 
5962-88713 
02SX 
PALCI6R8-40KMB 
20 CP 
K71 
20-Pin CMOS PLD 
5962-88713 
02XX 
PALC16R8-40LMB 
20 S LCC 
L61 
20-Pin CMOS PLD 
5962-88713 
03RX 
PALC16R6-40DMB 
20.3 DIP 
D6 
20-Pin CMOS PLD 
5962-88713 
03SX 
PALCI6R6-40KMB 
20 CP 
K71 
20-Pin CMOS PLD 
5962-88713 
03XX 
PALCI6R6-40LMB 
20 S LCC 
L61 
20-Pin CMOS PLD 
5962-88713 
04RX 
PALC16R4-40DMB 
20.3 DIP 
D6 
20-Pin CMOS PLD 
5962-88713 
04SX 
PALCI6R4-40KMB 
20 CP 
K71 
20-Pin CMOS PLD 
5962-88713 
04XX 
PALCI6R4-40LMil 
20S 
LCC 
L61 
20-Pin CMOS PLD 
5962-88713 
05RX 
PALCI6L8-30DMB 
20.3 DIP 
D6 
20-Pin CMOS PLD 
5962-88713 
05SX 
PALC16L8-30KMil 
20 CP 
K71 
20-Pin CMOS PLD 
5962-88713 
05XX 
PALC16L8-30LMB 
20 S LCC 
L61 
20-Pin CMOS PLD 
5962-88713 
06RX 
PALC16R8-30DMB 
20.3 DIP 
D6 
20-Pin CMOS PLD 
5962-88713 
06SX 
PALCI6R8-30KMB 
20CP 
K71 
20-Pin CMOS PLD 
5962-88713 
06XX 
PALCI6R8-30LMil 
20 S LCC 
L61 
20-Pin CMOS PLD 
5962-88713 
07RX 
PALCI6R6-30DMB 
20.3 DIP 
D6 
20-Pin CMOS PLD 
5962-88713 
07SX 
PALC16R6-30KMB 
20CP 
K71 
20-Pin CMOS PLD 
5962-88713 
07XX 
PALCI6R6-30LMB 
20S 
LCC 
L61 
20-Pin CMOS PLD 
5962-88713 
08RX 
PALCI6R4-30DMil 
20.3 DIP 
D6 
20-Pin CMOS PLD 
5962-88713 
08SX 
PALC16R4-30KMB 
20 CP 
K71 
20-Pin CMOS PLD 
5962-88713 
08XX 
PALCI6R4-30LMB 
20 S LCC 
L61 
20-Pin CMOS PLD 
5962-88713 
09RX 
PALC16L8-20DMB 
20.3 DIP 
D6 
20-Pin CMOS PLD 
5962-88713 
09SX 
PALC16L8-20KMB 
20 CP 
K71 
20-Pin CMOS PLD 
5962-88713 
09XX 
PALCI6L8-20LMil 
20 S LCC 
L61 
20-Pin CMOS PLD 
5962-88713 
lORX 
PALC16R8-20DMB 
20.3 DIP 
D6 
20-Pin CMOS PLD 
5962-88713 
10SX 
PALCI6R8-20KMB 
20CP 
K71 
20-Pin CMOS PLD 
5962-88713 
10XX 
PALCI6R8-20LMB 
20 S LCC 
L61 
20-Pin CMOS PLD 
5962-88713 
11RX 
PALCI6R6-20DMB 
20.3 DIP 
D6 
20-Pin CMOS PLD 
5962-88713 
l1SX 
PALC16R6-20KMB 
20CP 
K71 
20-Pin CMOS PLD 
5962-88713 
11XX 
PALCI6R6-20LMB 
20 S LCC 
L61 
20-Pin CMOS PLD 
5962-88713 
12RX 
PALC16R4-20DMil 
20.3 DIP 
D6 
20-Pin CMOS PLD 
5962-88713 
12SX 
PALC16R4-20KMB 
20 CP 
K71 
20-Pin CMOS PLD 
5962-88713 
12XX 
PALCI6R4-20LMB 
20 S LCC 
L61 
20-Pin CMOS PLD 
5962-88725 
01LX 
CY7C197-35DMB 
24.3 DIP 
014 
256K xl 
SRAM 
5962-88725 
01XX 
CY7C197-35LMB 
28 R LCC 
L54 
256K x 1 SRAM 
5962-88725 
02LX 
CY7C197-45DMil 
24.3 DIP 
014 
256Kx 
1 SRAM 
5962-88725 
02XX 
CY7C197-45LMB 
28 R LCC 
L54 
256Kx 
1 SRAM 
5962-88733 
01XX 
CY7C510-55DMB 
64 DIP 
D30 
16 x 16 MAC 
5962-88733 
01YX 
CY7C510-55LMB 
68 S LCC 
L81 
16 x 16 MAC 
5962-88733 
01ZX 
CY7C510-55GMB 
68PGA 
G68 
16 x 16 MAC 
5962-88733 
02XX 
CY7C510-65DMB 
64 DIP 
D30 
16 x 16 MAC 
5962-88733 
02YX 
CY7C51O-65LMB 
68 S LCC 
L81 
16 x 16 MAC 
5962-88733 
02ZX 
CY7C51O-65GMB 
68PGA 
G68 
16 x 16 MAC 
5962-88733 
03XX 
CY7C510-75DMil 
64 DIP 
D30 
16 x 16 MAC 
5962-88733 
03YX 
CY7C51O-75LMB 
68 S LCC 
L81 
16 x 16 MAC 
5962-88733 
03ZX 
CY7C510-75GMB 
68PGA 
G68 
16 x 16 MAC 
5962-88734 
02JX 
CY7C292A-45DMil 
24.6 DIP 
D12 
2K x8 EPROM 
5962-88734 
02KX 
CY7C291A-45KMil 
24 CP 
K73 
2Kx8 
EPROM 


Package"] 


SMDNumber 
Cypressl>] 
Description 
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5962-88734 
02LX 
CY7C291A-450MB 
24.3 DIP 
014 
2Kx8 
EPROM 
5962-88734 
023X 
CY7C291A-45LMB 
28 S LeC 
1.64 
2Kx8 
EPROM 
5962-88734 
03JX 
CY7C292A-350MB 
24.6 DIP 
012 
2Kx8 
EPROM 
5962-88734 
03KX 
CY7C291A-35KMB 
24 CP 
K73 
2Kx8 
EPROM 
5962-88734 
03LX 
CY7C291A-350MB 
24.3 DIP 
014 
2Kx8EPROM 
5962-88734 
033X 
~CY7C291A-35LMB 
28 S LeC 
1.64 
2Kx8 
EPROM 
5962-88734 
04JX 
CY7C292A-250MB 
24.6 DIP 
012 
2Kx8 
EPROM 
5962-88734 
04KX 
CY7C291A-25KMB 
24 CP 
K73 
2Kx8EPROM 
5962-88734 
04LX 
CY7C291A-250MB 
24.3 DIP 
014 
2Kx8 
EPROM 
5962-88734 
043X 
CY7C291A-25LMB 
28 S LeC 
1.64 
2Kx8 
EPROM 


5962-88735 
OIKX 
CY7C245-45KMB 
24 CP 
K73 
2K x 8 Registered 
PROM 
5962-88735 
OILX 
CY7C245-450MB 
24.3 DIP 
014 
2K x 8 Registered 
PROM 
5962-88735 
013X 
CY7C245-45LMB 
28S 
LeC 
1.64 
2K x 8 Registered 
PROM 
5962-88735 
02KX 
CY7C245-35KMB 
24 CP 
K73 
2K x 8 Registered 
PROM 
5962-88735 
02LX 
CY7C245-350MB 
24.3 DIP 
014 
2K x 8 Registered 
PROM 
5962-88735 
023X 
CY7C24S-35LMB 
28 S LeC 
1.64 
2K x 8 Registered 
PROM 
5962-88735 
03KX 
CY7C245A-35KMB 
24 CP 
K73 
2K x 8 Registered 
PROM 
5962-88735 
03LX 
CY7C245A-350MB 
24.3 DIP 
014 
2K x 8 Registered 
PROM 
5962-88735 
033X 
CY7C245A-35LMB 
28S 
LeC 
1.64 
2K x 8 Registered 
PROM 
5962-88735 
04KX 
CY7C245A-25KMB 
24 CP 
K73 
2K x 8 Registered 
PROM 
5962-88735 
04LX 
CY7C245A-250MB 
24.3 DIP 
014 
2K x 8 Registered 
PROM 
5962-88735 
043X 
CY7C245A-25LMB 
28 S LeC 
1.64 
2K x 8 Registered 
PROM 


5962-89517 
01XX 
CY7C9101-450MB 
64 DIP 
030 
16-Bit 
Slice 
5962-89517 
01YX 
CY7C9101-45LMB 
68 S LeC 
L81 
16-Bit 
Slice 


5962-89517 
01ZX 
CY7C9101-45GMB 
68 PGA 
G68 
16-Bit 
Slice 
5962-89517 
01UX 
CY7C9101-45FMB 
64 QFP 
F90 
16-Bit 
Slice 
5962-89517 
02XX 
CY7C9101-350MB 
64 DIP 
030 
16-Bit 
Slice 


5962-89517 
02YX 
CY7C9101-35LMB 
68 S LeC 
L81 
16-Bit 
Slice 


5962-89517 
02ZX 
CY7C9101-35GMB 
68 PGA 
G68 
16-Bit 
Slice 
5962-89517 
02UX 
CY7C9101-35FMB 
64 Q FP 
F90 
16-Bit 
Slice 


5962-89523 
OIEX 
CY7C403-100MB 
16.3 DIP 
02 
64 x 4 FIFO 


5962-89523 
012X 
CY7C403-IOLMB 
20 S LeC 
1.61 
64 x 4 FIFO 


5962-89523 
02EX 
CY7C403-150MB 
16.3 DIP 
02 
64 x 4 FIFO 
5962-89523 
022X 
CY7C403-15LMB 
20 S LeC 
1.61 
64 x4 FIFO 


5962-89537 
OIUX 
CY7C251-65QMB 
32 R LeC 
Q55 
16K x 8 UV EPROM 
5962-89537 
01YX 
CY7C251-65WMB 
28.3 DIP 
W22 
16K x 8 UV EPROM 
5962-89537 
01ZX 
CY7C251-65TMB 
28 CP 
174 
16K x 8 UV EPROM 
5962-89537 
02UX 
CY7C251-55QMB 
32 R LeC 
Q55 
16K x 8 UV EPROM 
5962-89537 
02YX 
CY7C251-55WMB 
28.3 DIP 
W22 
16K x 8 UV EPROM 
5962-89537 
02ZX 
CY7C251-55TMB 
28CP 
174 
16K x 8 UV EPROM 
5962-89538 
01UX 
CY7C254-65QMB 
32 R LeC 
Q55 
16K x 8 UV EPROM 
5962-89538 
OIXX 
CY7C254-65WMB 
28.6 DIP 
W16 
16K x 8 UV EPROM 
5962-89538 
01ZX 
CY7C254-65TMB 
28CP 
174 
16K x 8 UV EPROM 
5962-89538 
02UX 
CY7C254-55QMB 
32 R LeC 
Q55 
16K x 8 UV EPROM 
5962-89538 
02XX 
CY7C254-55WMB 
28.6 DIP 
W16 
16K x 8 UV EPROM 
5962-89538 
02ZX 
CY7C254-55TMB 
28 CP 
174 
16K x 8 UV EPROM 
5962-89546 
01XX 
CY7C330-28WMB 
28.3 DIP 
W22 
PLO State Machine 
5962-89546 
01YX 
CY7C330-28TMB 
28 CP 
174 
PLO State Machine 
5962-89546 
013X 
CY7C330-28QMB 
28 S LeC 
064 
Pill 
State Machine 
5962-89546 
02XX 
CY7C330-40WMB 
28.3 DIP 
W22 
Pill 
State Machine 
5962-89546 
02YX 
CY7C330-4OTMB 
28 CP 
174 
Pill 
State Machine 
5962-89546 
023X 
CY7C330-4OQMB 
28 S LeC 
064 
Pill 
State Machine 
5962-89546 
03XX 
CY7C330-50WMB 
28.3 DIP 
W22 
PLO State Machine 
5962-89546 
03YX 
CY7C330-5OTMB 
28 CP 
174 
Pill 
State Machine 
5962-89546 
033X 
CY7C330-50QMB 
28 S LeC 
064 
PLO State Machine 
5962-89661 
01XX 
CY7C409A-150MB 
28.3 DIP 
022 
64 x 9 FIFO 


5962-89661 
01YX 
CY7C409A-15KMB 
28CP 
K74 
64 x 9 FIFO 
5962-89661 
013X 
CY7C409A-15LMB 
28 S LeC 
1.64 
64 x 9 FIFO 


5962-89661 
02XX 
CY7C409A-250MB 
28.3 DIP 
022 
64 x 9 FIFO 


Military Ordering Information 


Package!)1 


Cypress!2] 
Description 
1)'pe 
Product 
SMD Number 
Part Number 
Description 


5962-89661 
02YX 
CY7C409A-25KMB 
28 CP 
K74 
64 x 9 FIFO 
5962-89661 
023X 
CY7C409A-25LMB 
28 S LeC 
L64 
64 x 9 FIFO 


5962-89664 
OIXX 
CY7C408A-150MB 
28.3 DIP 
022 
64 x 8 FIFO 
5962-89664 
01YX 
CY7C408A-15KMB 
28 CP 
K74 
64 x 8 FIFO 
5962-89664 
O13X 
CY7C408A-15LMB 
28 S LeC 
L64 
64 x 8 FIFO 
5962-89664 
02XX 
CY7C408A-250MB 
28.3 DIP 
022 
64 x 8 FIFO 
5962-89664 
02YX 
CY7C408A-25KMB 
28 CP 
K74 
64 x 8 FIFO 
5962-89664 
023X 
CY7C408A-25LMB 
28S 
LeC 
L64 
64 x 8 FIFO 


5962-89690 
OUX 
CY6116A-250MB 
24.6 DIP 
Dl2 
2Kx8 
SRAM 
5962-89690 
01KX 
CY7C128A-25KMB 
24 CP 
K73 
2Kx8 
SRAM 
5962-89690 
01LX 
CY7C128A-250MB 
24.3 DIP 
014 
2Kx8 
SRAM 
5962-89690 
01XX 
CY6117A-25LMB 
32 R LeC 
L55 
2Kx8 
SRAM 
5962-89690 
01YX 
CY7C128A-25LMB 
24 R LeC 
L53 
2Kx 8 SRAM 
5962-89690 
O13X 
CY6116A-25LMB 
28 S LeC 
L64 
2Kx 8 SRAM 
5962-89690 
02JX 
CY6116A-200MB 
24.6 DIP 
012 
2Kx8 
SRAM 
5962-89690 
02KX 
CY7Cl28A-20KMB 
24 CP 
K73 
2Kx8 
SRAM 
5962-89690 
02LX 
CY7C128A-200MB 
24.3 DIP 
Dl4 
2Kx8 
SRAM 
5962-89690 
02XX 
CY6117A-20LMB 
32 R LeC 
L55 
2Kx8 
SRAM 
5962-89690 
02YX 
CY7CI28A-20LMB 
24 R LeC 
L53 
2Kx8 
SRAM 
5962-89690 
023X 
CY6116A-20LMB 
28 S LeC 
L64 
2Kx8 
SRAM 


5962-89691 
ozrx 
CY7C185A-25KMB 
28 CP 
K74 
8Kx8 
SRAM 
5962-89691 
02UX 
CY7C185A-25LMB 
28 R TLCC 
L54 
8Kx8 
SRAM 
5962-89691 
02XX 
CY7C186A-250MB 
28.6 DIP 
Dl6 
8Kx8 
SRAM 
5962-89691 
02ZX 
CY7C185A-250MB 
28.3 DIP 
022 
8Kx8 
SRAM 
5962-89691 
04TX 
CY7C185A-20KMB 
28 CP 
K74 
8Kx8 
SRAM 
5962-89691 
04UX 
CY7CI85A-20LMB 
28 R TLeC 
L54 
8Kx8 
SRAM 
5962-89691 
04XX 
CY7C186A-200MB 
28.6 DIP 
016 
8Kx8 
SRAM 
5962-89691 
04ZX 
CY7C185A-200MB 
28.3 DIP 
022 
8Kx8SRAM 
5962-89692 
02KX 
CY7Cl64A-25KMB 
24 CP 
K73 
16Kx4 
SRAM 
5962-89692 
02YX 
CY7C164A-250MB 
22.3 DIP 
DlO 
16Kx4 
SRAM 
5962-89692 
02ZX 
CY7C164A-25LMB 
22 R LeC 
L52 
16Kx4 
SRAM 
5962-89692 
04KX 
CY7C164A-20KMB 
24 CP 
K73 
16Kx4 
SRAM 
5962-89692 
04YX 
CY7C164A-200MB 
22.3 DIP 
DlO 
16Kx4 
SRAM 
5962-89692 
04ZX 
CY7C164A-20LMB 
22 R LeC 
L52 
16Kx4 
SRAM 
5962-89694 
01EX 
CY7C190-250MB 
16.3 DIP 
02 
16 x4 SRAM 
5962-89694 
01FX 
CY7C190-25KMB 
16 CP 
K69 
16 x4 SRAM 
5962-89694 
01XX 
CY7C190-25LMB 
20 S LeC 
L61 
16 x4 SRAM 
5962-89855 
01MXX 
CY7C331-400MB 
28.3 DIP 
D22 
Asynchronous 
Pill 


5962-89855 
01MYX 
CY7C331-40KMB 
28 CP 
K74 
Asynchronous 
PLD 
5962-89855 
OIMZX 
CY7C331-40YMB 
28 S JCQ 
Y64 
Asynchronous 
PLD 
5962-89855 
01M3X 
CY7C331-40LMB 
28 S LeC 
L64 
Asynchronous 
Pill 
5962-89855 
02MXX 
CY7C331-30DMB 
28.3 DIP 
D22 
Asynchronous 
Pill 
5962-89855 
02MYX 
CY7C331-30KMB 
28 CP 
K74 
Asynchronous 
PLD 
5962-89855 
02MZX 
CY7C331-30YMB 
28 S JCQ 
Y64 
Asynchronous 
PLD 
5962-89855 
02M3X 
CY7C331-30LMB 
28 S LeC 
L64 
Asynchronous 
PLD 


5962-89855 
03MXX 
CY7C331-25DMB 
28.3 DIP 
D22 
Asynchronous 
PLD 
5962-89855 
03MYX 
CY7C331-25KMB 
28 CP 
K74 
Asynchronous 
PLD 
5962-89855 
03MZX 
CY7C331-25YMB 
28 S JCQ 
Y64 
Asynchronous 
PLD 
5962-89855 
03M3X 
CY7C331-25LMB 
28 S LeC 
L64 
Asynchronous 
PLD 
5962-89863 
02UX 
CY7C421-65KMB 
28 CP 
K74 
512 x 9 FIFO 
5962-89863 
02XX 
CY7C420-65DMB 
28.6 DIP 
Dl6 
512 x 9 FIFO 
5962-89863 
02YX 
CY7C421-65DMB 
28.3 DIP 
022 
512 x 9 FIFO 
5962-89863 
02ZX 
CY7C421-6SLMB 
32 R LeC 
L55 
512 x 9 FIFO 
5962-89863 
03UX 
CY7C421-S0KMB 
28 CP 
K74 
512 x 9 FIFO 
5962-89863 
03XX 
CY7C420-50DMB 
28.6 DIP 
Dl6 
512 x 9 FIFO 
5962-89863 
03YX 
CY7C421-500MB 
28.3 DIP 
022 
512 x 9 FIFO 
5962-89863 
03ZX 
CY7C421-50LMB 
32 R LeC 
L55 
512 x 9 FIFO 
5962-89863 
04UX 
CY7C421-40KMB 
28 CP 
K74 
512x9 
FIFO 
5962-89863 
04XX 
CY7C420-40DMB 
28.6 DIP 
Dl6 
512x9 
FIFO 


Military Ordering Information 


Package!J) 


SMD Number 
Cypress!1J 
Description 
1YJ>e 
Product 


Part Number 
Description 


5962-89863 
04YX 
CY7C421-40DMB 
28.3 DIP 
D22 
512 x 9 FIFO 
5962-89863 
04ZX 
CY7C421-40LMB 
32 R U::C 
155 
512x 
9 FIFO 
5962-89863 
05UX 
CY7C421-30KMB 
28 CP 
K74 
512 x 9 FIFO 
5962-89863 
05XX 
CY7C420-30DMB 
28.6 DIP 
016 
512 x 9 FIFO 
5962-89863 
05YX 
CY7C421-30DMB 
28.3 DIP 
D22 
512 x 9 FIFO 
5962-89863 
05ZX 
CY7C421-30LMB 
32 R U::C 
155 
512 x 9 FIFO 
5962-89863 
06UX 
CY7C421-25KMB 
28 CP 
K74 
512 x 9 FIFO 
5962-89863 
06XX 
CY7C420-25DMB 
28.6 DIP 
016 
512 x 9 FIFO 
5962-89863 
06YX 
CY7C421-25DMB 
28.3 DIP 
D22 
512 x 9 FIFO 
5962-89863 
06ZX 
CY7C421-25LMB 
32 R U::C 
155 
512 x 9 FIFO 
5962-89892 
02KX 
CY7C166A-25KMB 
24CP 
K73 
16K x 4 SRAM w/OE 


5962-89892 
02LX 
CY7CI66A-25DMB 
24.3 DIP 
D14 
16K x 4 SRAM w/OE 
5962-89892 
02XX 
CY7C166A-25LMB 
28 R U::C 
154 
16K x 4 SRAM w/OE 


5962-89892 
02YX 
CY7C166A-25LMB 
28 R TLCC 
154 
16K x 4 SRAM w/OE 


5962-89892 
04KX 
CY7C166A-20KMB 
24CP 
K73 
16K x 4 SRAM w/OE 


5962-89892 
04LX 
CY7CI66A-20DMB 
24.3 DIP 
014 
16K x 4 SRAM w/OE 


5962-89892 
04XX 
CY7C166A-20LMB 
28 R U::C 
154 
16K x 4 SRAM w/OE 
5962-89892 
04YX 
CY7C166A-20LMB 
28 R TLCC 
154 
16K x 4 SRAM w/OE 
5962-90754 
01MXX 
CY7C331-40WMB 
28.3 DIP 
W22 
Asynchronous 
UV PLD 
5962-90754 
01MYX 
CY7C331-4OTMB 
28 CP 
174 
Asynchronous 
UV PLD 
5962-90754 
01MZX 
CY7C331-40HMB 
28 S JCQ 
H64 
Asynchronous 
UV PLD 
5962-90754 
01M3X 
CY7C331-4OQMB 
28 S U::C 
064 
Asynchronous 
UV PLD 
5962-90754 
02MXX 
CY7C331-30WMB 
28.3 DIP 
W22 
Asynchronous 
UV PLD 
5962-90754 
02MYX 
CY7C331-3OTMB 
28CP 
174 
Asynchronous 
UV PLD 
5962-90754 
02MZX 
CY7C331-30HMB 
28 S JCQ 
H64 
Asynchronous 
UV PLD 
5962-90754 
02M3X 
CY7C331-3OQMB 
28 S U::C 
064 
Asynchronous 
UV PLD 
5962-90754 
03MXX 
CY7C331-25WMB 
28.3 DIP 
W22 
Asynchronous 
UV PLD 
5962-90754 
03MYX 
CY7C331-25TMB 
28 CP 
174 
Asynchronous 
UV PLD 
5962-90754 
03MZX 
CY7C331-25HMB 
28 S JCQ 
H64 
Asynchronous 
UV PLD 
5962-90754 
03M3X 
CY7C331-25QMB 
28 S U::C 
064 
AsYnchronous 
UV PLD 


1. Devices listed have been approved 
by DESC for the SMD 


indicated 
as of the date of publication. 
Contact your local 


Cypress representative. 
or the Cypress SMD Hotline at 
4081943-2716. 
for the latest update. 


2. Use the SMD part number as the ordering 
code. 


24.3 DIP = 24-pin 0.300" DIP; 
24.6 DIP = 24-pin 0.600" DIP 
28 R U::C = 28 terminal 
rectangular 
U::C; 


S = Square U::C; TLCC = Thin U::C 


24 CP = 24-pin ceramic IIatpack (Configuration 
1); 


FP = brazed IIatpack 
PGA = Pin Grid Array 


D 


Military Ordering Information 


Packagel)1 


JAN Number 
Cypressl21 
Description 
'IYpe 
Product 
Qualification 
Pan 
Number 
Description 
Status 


JM 38510/2890lBVA 
CY7C147-35DMB 
18.3 DIP 
04 
4Kx 
1 SRAM 
Qualified 
JM 38510/28901BYA 
CY7C147-35KMB 
18 CP 
K70 
4Kx 
1 SRAM 
Qualified 
JM 38510/28903BVA 
CY2147-55DMB 
18.3 DIP 
04 
4Kx 
1 SRAM 
Qualified 
JM 38510/28903BYA 
CY2147-55KMB 
18 CP 
K70 
4Kx 
1 SRAM 
Qualified 


JM 38510/28902BVA 
CY7C148-35DMB 
18.3 DIP 
04 
1Kx4SRAM 
Qualified 


JM 38510/28902BYA 
CY7C148-35KMB 
18 CP 
K70 
1Kx4 
SRAM 
Qualified 
JM 38510/28904BVA 
CY2148-55DMB 
18.3 DIP 
04 
1Kx4 
SRAM 
Qualified 
JM 38510/28904BYA 
CY2148-55KMB 
18 CP 
K70 
1Kx4SRAM 
Qualified 


~-8XXXX 
ill.- L[XL- LEAD 
FINISH 


A = Solder Dip 
B = Tin Plate 
C = Gold 
X = 
Don't Care (The letter "X" will not be marked 
on the device, but will be 


replaced with the actual lead finish designation.) 


PACKAGE TYPE (Not a complete 
list) 
V 
= 
18-pin 0.300 DIP 
J 
24-pin 0.600 DIP 


R = 
20-pin 0.300 DIP 
Q 
40-pin 0.600 DIP 


S 
= 
20-pin Cerpack 
K 
24-pin Cerpack 
W = 22-pin 0.400 DIP 
2 
20-pin SQ LCC 
L = 24-pin 0.300 DIP 
3 
28-pin SQ LCC 


'------DEVICE 
CLASS DESIGNATOR 
No character 
= Old (Pre March 1990) SMD 


M 
= New "One Part-One 
Part Number" 
System SMD 


~------DEVICE 
TYPE 


DRAWING 
PREFIX 
5962 = Federal 
Stock Code (FSC) for microcircuits. 
Pre-1985 
drawings 


do not have this prefix. 


Manufacturer's 
identification: 


Cypress Logo, CYPRESS, CYp, and CY are trademarks of Cypress Semiconductor 
Corporation. 


Manufacturer's 
designating symbol or CAGE CODE: 


Designating symbol = CETK or ETK 


CAGE CODE/FSCM 
Number 
= 65786 


PRODUCT 
• 
INFORMATION 


STATIC RAMS 
• 
PROMS 
• 
EPLDS 
• 
FIFOS 
• 
LOGIC 
• 
RISC 
• 
MODULES 
• 
ECL 
• 
BUS INTERFACE PRODUCTS 
D 


MILITARY 
• 
- 
~DESIGNAND 
-- 
--. 
E 
PROGRAMMING TOOLS 
-- 
~~ 
-- 
QUALITY AND 
RELIABILITY 


PACKAGES 
• 


Design and Programming 
Tools 


Device Number 
CY3101 
CY3200 
CY3210 
CY3300 


Description 
PLD ToolKit 
.. 12-1 
PLDS-MAX + PLUS Design System 
. . . . . . . . . . . . . . . . . . 
.. 12-3 


PLS-EDIF 
Bidirectional Netlist Interface. 
. . 
. . . . . . . . . . . . . . . 
12-8 


QuickPro II 
12-15 


..:_.~ 
oil CYPRESS 
F 
SEMICONDUCTOR 


Features 


• 
Logic assembler, 
Reverse assembler 
• 
Concise easy-to-use syntax 
• 
JEDEC read/write 
capability 
• 
Integrated 
waveform logic simulator 
• 
Mouse-driven 
simulation 
editor 
• 
Mouse, keyboard, command line in- 
terface 


• 
CGA, EGA, VGA, Hercules support 
• 
Supports all Cypress PLDs 


Description 


The Cypress PLD ToolKit is a sophisti- 
cated programmable 
logic design tool that 
supports the Cypress family of program- 
mable 
logic products. 
The 
ToolKit 
in- 
cludes the ability to assemble a Jogicsource 
file, interactively perform logic simulation 
on the result, and write a standard JEDEC 
output file for programming 
the PLD. In 
addition, JEDEC files may be read, simu- 
lated, 
and 
reverse 
assembled, 
creating 
source files that may be modified and re- 
assembled. 


The PLD ToolKit runs on any standard 
IBM PCiXl,ATiXl,386or compatible person- 
al computer with a CGA, EGA, VGA, or 
Hercules 
display. The 
ToolKit 
features 
mouse, keyboard, or command line inter- 
face, and supports Logitech@>and Micro 


softiXlmouse compatibility. Command line 
control is provided for assembly from a 
source file to JEDEC file or disassem bly of 
a JEDEC 
file to a source file. 


The language contains syntax that allow.; 
the management 
of programmable 
logic 


device macrocells in all possible configura- 
tions, as well as default 
conditions 
that 


provide concise source files. In addition, 
there are language constructs called con- 
nectives that provide expressions for con- 
necting any product term to a macrocell. 


The ToolKit simulator features waveform 
entry, multiple view.; and multi-segment 
simulation. The simulator provides the ca- 
pability to specify initial design conditions, 
and "view nodes" may be created and used 
to probe internal nodes in the device. 


• 


IDM and IDM PC, AT are registered 
trademarks 
of International 
Business Machines Corporation. 


Logltech 
is a trademark 
of Logitech. 
Inc. 
Microsoft 
is a registered 
trademark 
of Microsoft 
Corporation. 


WriteJEDEC 


ReadJEDEC 


Writes JEDEC 
Output File 


Reads JEDEC File into PLD 
ToolKit 


Options 


Information 


Selects Option Menu 


Selects System Information 
Menu 


Information 
about the PLD 
ToolKit for registration pur- 
poses 


Free Memory 


Screen Size 


Options 


Simulation Colors 


JEDEC Brief/Annotate 
Toggles JEDEC Annotated 
or Brief Listing 


G Fuse (JEDEC Security): 
Toggles Security Fuse 


ON/OFF 


Background 


Input Trace 


Output Trace 


Name of Pin or Node 


Allows the selection of colors 
for the Simulator Display 


Pin or Node Background 


Trace Selected 


Selected Trace Background 


Memory 


512kbytes of tota! memory is required to operate the PLD ToolKit. 


Devices Supported 


PALCI6R8, 
PALCI6R6, 
PALCI6R4, 
PALCI6L8, 
PALC22VI0, 


PLDC20GlO, 
PLDCI8G8, 
CY7C330, 
CY7C331, 
CY7C332, 
CY7C361, CYlOE301, CY100E301, CYI0E302, CY100E302 


Ordering Information 


CY3101 Cypress PLD ToolKit Levell 
contains: 


Two 5 ';." Floppy Disks 
One 3 '12" Floppy Disk 
One Manual 
One Registration Card 


Features 


• 
Unified development system for Mul- 
tiple Array MatriX (MAX®) EPLDs 
• Hierarchical 
design entry methods 
for both graphical 
and textual de- 


signs 
- 
Multiple-level 
schematics 
and 
hardware 
language descriptions 
- 
Library of 7400 Series TTL and 
bus macrofunctions 
optimized for 
MAX architecture 


- Advanced Hardware 
Description 
Language (AHDL) supporting 
state maChines, Boolean equa- 
tions, truth tables, arithmetic, 
and 


relational 
operations 
- 
Delay prediction 
for graphic and 
text designs 


• Logic syntbesis and minimization 
for 
quick and efficient processing 
• Compiler that compiles a 100% uti- 
lized CY7C342 in only 10 minutes 
• Automatic error location for AHDL 
text files and schematics 


• Interactive 
Simulator 
with probe as- 


signments 
for internal 
nodes 


• Runs on IBM PC/AT®, PS/2® or 
compatible 
machines 
• Waveform Editor for entering and 
editing waveforms and viewing simu- 
lation results 


Description 


The PLDS-MAX + PLUS (programmable 
Logic Development 
System) is a unified 
CAE system for designing logic with Cy- 
press's CY7C340 family of EPLDs (Figure 
1). PLDS-MAX + PLUS includes design 
entry, design processing, 
timing simula- 
tion, and device programming 
support. 
PLDS-MAX + PLUS runs on IBM PS/2, 
PC-AT, or compatible machines, and pro- 
vides tools to quickly and efficiently create 
and verify complex logic designs. 


The MAX + PLUS software compiles de- 
signs for MAX 
EPLDs in minutes. De- 


signs may be entered with a variety of de- 
sign 
entry 
mechanisms. 
MAX + PLUS 
supports hierarchical entry of both Graph- 
ic 
Design 
Files 
(GDFs) 
with 
the 
MAX + PLUS Graphic Editor, 
and Text 
Design Files (TDFs) with the Advanced 
Hardware 
Description 
Language 
(AHDL). The Graphic Editor offers ad- 
vanced features such as multiple hierarchy 


PLDS-MAX + PLUS® 


Design System 


levels, symbol editing, and a library of7400 
series devices as well as basic SSI gates. 
AHDLdesigns 
maybe mixed into any lev- 


el of the hierarchy or used on a standalone 
basis. AHDL 
is tailored 
especially 
for 


EPLD designs and includes support 
for 


complex 
Boolean 
and 
arithmetic 
func- 


tions, 
relational 
comparisons, 
multiple 


hierarchy levels, state machines with auto- 
matic 
state 
variable 
assignment, 
truth 


tables, and function calls. 


In addition to multiple design entry mech- 
anisms, MAX + PLUS includes a sophisti- 
cated compiler that uses advanced logic 
synthesis and minimization 
techniques in 


conjunction 
with heuristic fitting rules to 


efficiently 
place 
designs 
within 
MAX 


EPLDs. A 
programming 
file created by 


the compiler is then used by MAX + PLUS 
to program MAX devices with the OP2- 
MAX programming 
hardware. 


Simulations may be performed with a pow- 
erful, event-driven 
timing simulator. The 


MAX + PLUS Simulator interactively dis- 
plays timing results in the MAX + PLUS 
Waveform 
Editor. 
Hardcopy 
table 
and 


waveform output 
is also available. With 


the Waveform Editor, input vector wave- 
forms may be entered, modified, grouped, 


MAX and MAX + PLUS are registered 
trademarks 
of Altera Corporation. 


IBM PC/AT and PS/2 are registered 
trademarks 
of International 
Business Machines Corporation. 


QP2-MAX 
and QuickPro 
" are trademarks 
of Cypress Semiconductor 
Corporation. 


and ungrouped. In addition, the Waveform Editor compares sim- 
ulation runs and highlights the differences. 


The integrated structure of MAX + PLUS provides features such 
as automatic error location and delay prediction. If a design con- 
tains an error in either a schematic or a text file, MAX + PLUS 
nags the error and takes the user to the actual location of the error 
in the original schematic or text file. In addition, propagation de- 
lays of critical paths may be determined 
in both the Graphic and 
Text Editors with the delay predictor. After the source and destina- 
tion nodes are tagged, the shortest and longest timing delays are 
calculated. 


MAX + PLUS provides a seamless design framework using a con- 
sistent graphical user interface throughout. 
This framework sim- 
plifies all stages of the design cycle: design entry, processing, verifi- 
cation, and programming. In addition, MAX + PLUS offers online 
help to aid the user. 


Design Entry 


MAX + PLUS offers both graphic and text design entry methods. 
GDFs are entered with the MAX + PLUS Graphic Editor; Bool- 
ean equations, state machines, and truth tables may be entered 
with the MAX + PLUS Test Editor using AHDL 
The ability to 
freely mix graphics and text files at all levels of the design hierarchy 
and to use either a top-down or bottom-up design method makes 
design entry simple and versatile. 


Graphic Editor 


The Graphic Editor provides a mouse-driven, multi-windowed en- 
vironment in which commands are entered with pop-up menus or 
simple keystrokes. The Hierarchy Display window, shown at the 
top, lists all schematics used in a design. The designer navigates 
the hierarchy by placing the cursor on the name of the design to 
be edited and clicking the left mouse button. The Total View win- 
dow (next to the Hierarchy window) shows the entire design. By 
clicking on an area in this window, the user is moved to that area 
of the schematic. The Error Report window lists all warnings and 
errors inthe compiled design; selecting an error with the cursor 
highlights the problem node and symbol. A design is edited in the 
main area, which may be enlarged by closing the auxiliary win- 
dows. 


When entering a design, the user may choose from a library of over 
2007400 series and special-purpose macrofunctions that are all op- 
timized for MAX architecture. In addition, the designer my create 
custom functions that can be used in any MAX + PLUS design. 


To take advantage of the hierarchy features, the user first saves the 
entered design so the Graphic Editor can automatically create a 
symbol representing 
the design. This symbol may be used in a 
higher-level schematic or in another design. It may also be modi- 
fied with the Symbol Editor. 


Tag-and-drag editing is used to move individual symbols or entire 
areas. Lines stay connected with orthogonal rubberbanding. A de- 
sign may be printed 
on an Epson 
FX-compatible 
printer, 
or 


plotted on an HP- or Houston Instruments-compatible 
plotter. 


Symbol Editor 


The MAX + PLUS Symbol Editor enables the designer to create 
or modify a custom symbol representing 
a GDF or TDF. It is also 


possible to modify input and output pin placement of an automati- 
cally generated symbol. 


The created symbol represents a lower-level design, described by 
a GDF or TDF. The lower-level design represented by the symbol 
may be displayed with a single command that invokes either the 


Graphic Editor for schematics or the Text Editor for AHDL de- 
signs. 


AHDL 


The Advanced 
Hardware 
Description 
Language 
(AHDL) 
is a 


high-level, modular language used to create logic designs for MAX 
EPLDs. It is completely integrated into MAX + PLUS, so AHDL 
files may be created, 
edited, 
compiled, 
simulated, 
and pro- 
grammed from within MAX + PLUS. 


AHDL provides support for state machine, truth tables, and Bool- 
ean equations, 
as well as srithmetie 
and relational 
operations. 
AHDLis hierarchical, which allows frequently used functions such 
as TTL and bus macrofunctions 
to be incorporated 
in a design. 


AHDL supports complex arithmetic 
and relational 
opeartions, 


such as addition, subtraction, 
equality, and magnitude compari- 


sons, with the logic functions automatically generated. 
Standard 


Boolean functions, including AND, OR, NAND, NOR, XOR, and 
SNOR are also included. Groups are fully supported so operations 
may be performed on groups as well as on single variables. AHDL 
also allows the designer to specify the location of nodes within 
MAX EPLDs. Together, these features enable complex designs to 
be implemented 
in a concise, high-level description. 


Text Editor 


The MAX + PLUS Text Editor enables the user to view and edit 
text files within the MAX + PLUS environment. 
Any ASCII text 
file, including Vector Files, Table Files, Report Files, and AHDL 
Text Design Files (TDFs) may be viewed and edited wihtout hav- 
ing to exit to DOS. 
The Text Editor parallels the Graphic Editor's menu structure. It 
has a Hierarchy 
Display and a Total View window for moving 


through the hierarchy levels and around the design. It includes au- 
tomatic error location and hierarchy traversal. If an error is found 
in a TDF during compilation, the Text Editor is automatically in- 
voked and the line of AHDL code where the error occurred is 
highlighted. In addition, a design may use both text and graphic 
files. As the designer t4raverses the hierarchy, the Text Editor is 
invoked for text files, and the Graphic Editor is invoked for sche- 
matics. 


Symbol Libraries 


The library provided with MAX + PLUS contains the most com- 
monly used 7400 series devices such as counters, decoders, encod- 
ers, shift registers, nip-nops, latches, and multipliers, as well as spe- 
cial bus macrofunctions, all of which increase design productivity. 
Because of the nexible architecture of MAX EPLDs (that includes 
asynchronous 
preset and clear), true TTL device emulation 
is 


achieved. Cypress also provides special-purpose 
bus macrofunc- 
tions for designs that use buses. All macrofunetions have been op- 
timized 
to 
maximize 
speed 
and 
utilization. 
Refer 
to 
the 


MAX + PLUS TTL MacroFullctions manual for more information 
on TTL macrofunctions. 


Design Processing 


The MAX + PLUS Compiler processes MAX designs. The Com- 
piler offers options that speed the processing and analysis of a de- 
sign. The user can set the degree of detail of the Report File and 
the maximum number of errors generated. 
In addition, the user 


may select whether or not to extract a netlist file for simulation. 


The Compiler compiles a design in increments. 
If a design has 


been previously processed, only the portion of the design that has 
been changed is re-extracted, 
which decreases 
the compilation 


command. 


The first module of the Compiler, the Compilcr Ncllist Extractor, 
extracts the nellist that is used to define the design from each file. 
At this time, design rules are checked for any errors. If errors are 
found, the Graphic Editor is invoked when the error appears in a 
GDF, and the Text Editor is invoked when the error appears in a 
TOE The Error Report window in both editors highlights the loca- 
tion of the error. A successfully extracted design is built into a data- 
base to be used by the Logic Synthesizer. 


The Logic Synthesizer module translates and optimizes the user- 
defined logic for the MAX architecture. Any unused logic within 
the design is automatically removed. The Logic Synthesizer uses 
expert system synthesis rules to factor and map logic within the 
multilevel MAX architecture. 
It then chooses the approach that 


ensures the most efficient use of silicon resources. 


The next module, the Fitter, uses heuristic rules to optimally place 
the synthesized design into the chosen MAX EPLD. For MAX de- 
vices that have a Programmable Interconnect Array (pIA), the Fit- 
ter also routes the signals across this interconnect structure, so the 
designer doesn't have to worry about placement and routing is- 
sues. A Report File (.RPT) is issued by the Fitter, which shows de- 
sign implementation 
as well as any unused resources in the EPLD. 


The designer can then determine 
how much additional logic may 


be placed in the EPLD. 


A Simulator Nellist File (.SNF) may be extracted from the com- 
piled design by the Simulator Nellist Extractor if simulation is de- 
sired. Finally, the Assembler creates a Programmer 
Object File 


(.POF) 
from the compiled 
design. This file is used with the 


OP2-MAX 
programming 
hardware to program the desired part. 


Delay Prediction 
and Probes 


MAX + PLUS includes powerful analysis tools to verify and ana- 
lyze the completed design. Delay analysis with the delay predictor 
may be performed 
interactively in the Graphic Editor, or in the 


Simulator. The Simulator is interactive and event-driven, yielding 
true timing and functional charactersitics of the compiled design. 


The delay predictor provides instant feedback about the timing of 
the processed design. After selecting the start point and end point 
of a path, the designer may determine 
the shortest and longest 


propagation 
delays of speed-criticaJ paths. 


Also, a designer may use probes to mark internal nodes in a design. 
The designer may enter a probe by placing the cursor on any node 
in a graphic design, selecting the SPE (Symbol:Probe:Enter) 
com- 


mand, and then entering a unique name to define the probe. This 
name may then be used in the Graphic Editor, Simulator, and 
Waveform Editor to reference that node, so that lengthy hierarchi- 
cal path names are avoided. 


Simulator 


Input stimuli can be defined with a straightforward 
vector input 


language, or waveforms can be directly drawn using the Waveform 
Editor. Outputs may also be viewed in the Waveform Editor, or 
hardcopy table and waveform files may be printed. 


The Simulator used the Simulator Netlist File (SNF) extracted 
from the compiled 
design to perform 
timing simulation 
with 


l/JO-nanosecond 
resolution. A Command 
File may be used for 


batch operation, orcommands 
may be entered interactively. Simu- 


lator commands allow the user to halt the simulation dependent 
on user-defined conditions, to force and group nodes, and perform 
AC detection. 
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of oscillation may be defined. If a pulse is shorter than the mini- 
mum pulse width specified, or if a node oscillates for longer than 
the specified time, the Simulator issues a warning. 


Waveform Editor 


The MAX + PLUS Waveform Editor provides a mouse-driven en- 
vironment in which timing waveforms may be viewed and edited. 
It functions as a logic analyzer, enabling the user to observe simu- 
lation results. Simulated waveforms may be viewed and manipu- 
lated at multiple zoom levels. Nodes may be added, deleted, and 
combined into buses, which may contain up to 32 signals repre- 
sented in binary, octal, decimal, or hexadecimal format. Logical 
opeartors 
may also be performed 
on pairs of waveforms, so that 


waveforms may be inverted, ORed, ANDed, or XORed together. 


The Waveform Editor includes sophisticated 
editing features to 


define and modify input vectors. Input waveforms are created with 
the mouse and familiar text editing commands. Waveforms may 
be copied, patterns may be repeated, and blocks may be moved 
and copied. Fo~ example, all or part of a waveform may be con- 
tracted to simulate the increase in clock frequency. 
The Waveform Editor also compares and highlights the difference 
between two different simulations. A user may simulate a design, 
observe and edit the results, and then resimulate the design, and 
the Waveform Editor will show the results superimposed 
upon 


each other to highlight the differences. 


MAX + PLUS Timing Analyzer (MTA) 


The MAX + PLUS Timing Analyzer (MTA) provides user-confi- 
gurable reports that assist the designer in analyzing critical delay 
paths, set-up and hold timing, and overall system performance 
of 


any MAX EPLD design. Critical paths identified by these reports 
may be desplayed and highlighted. 


Timing delays between multiple source and destination nodes may 
be calculated, thus creating a connection matrix giving the shortest 
and longest delay paths between all source and destination 
nodes 


specified. Or, the dcsigner may specify that the detailed paths and 
delays between specific sources and destinations 
be shown. 


The set-up/hold option provides set-up and hold requirements 
at 


the device pins for all pins that feed the 0, CLK, or ENABLE in- 
puts of flip-flops and latches. Critical source nodes may be speci- 
fied individually, or set-up and hold at all pins may be calculated. 
This information is then displayed in a table, one set of set-up and 
hold times per flip-flop/latch. 


The MTA also allows the user to print a complete list of all accessi- 
ble nodes in a design,; i.e., all nodes that may be displayed during 
simulation or delay prediction. 
All MTA options may be listed in an MTA command file. With 
this file, the user may specify all information needed to configure 
the output. 


SNF2GDF 
Converter 


SNF2GDF 
converts the SNF into logic schematics represented 


with basic gates and flip-flop elements. It uses the SNF's delay and 
connection information and creates a series of schematics fully an- 
notated with propagation 
delay and set-up and hold information 
at each logic gate. Certain speed paths of a design may be specified 
for conversion, so the user may graphically analyze only the paths 
considercd critical. 


If State Machine 
or Boolean 
Equation 
design entry is used, 
SNF2GDF sho'WShow the high-level description has been synthe- 
sized and placed into the MAX architecture. 


Device Programming 


PLDS-MAX contains the basic hardware and software for pro- 
gramming the MAX EPLD family. Adpaters arc included for pro- 
gramming the CY7C344 (DIP and PLee) 
and CY7C342 (PLee) 


devices. Additional adapters supporting other MAX devices may 
be purchased 
separately. 
MAX + PLUS programming 
software 
drives the OP2-MAX 
programming 
hardware. The designer can 


use MAX + PLUS to program and verify MAX EPLDs. If the secu- 
rity bit of the device is not set to ON, the designer may also read 
the contents of a MAX device and use this information to program 
additional devices. 


System 
Requirements 


Minimum System Configuration 


IBM PS/2 model 50 or higher, PC/AT or compatible 
computer. 


PC-DOS version 3.1 or higher. 


640 kbytes RAM. 


EGA, VGA or Hercules monochrome 
display. 


2O-MB hard disk drive. 


1.2-MB 5V." or l.44-MB 3'12" floppy disk drive. 


3-button serial port mouse. 


Recommended System Configuration 


IBM PS/2 model 
70 or 
higher, or 
Compaq 
386 2O-Mhz 


computer. 


640 kbytes of RAM plus 1 MB of expanded memory with LIM 
3.2-compatible EMS driver. 


1.2-MB 5'1<" or l.44-MB 3\1," floppy disk drive. 


3-bu tton serial port mouse. 


Ordering Information 


CY3200 
PLDS-MAX + PLUS System including: 


Device Adapters 


CY3342 


CY3344 


CY3342R 


CY33435 


MAX + PLUS software, manuals 
and key. 


OP2-MAX PLD programmer 
with 
CY3342 & CY3344 adapters. 


Adapter for CY7C342 in PLeC packages. 


Adapter for CY7C344 in DIP and PLeC 
packages. 


Adapter for CY7C342 in PGA packages. 


Adapter for CY7C343 in DIP 
and PLeC 
packages. 
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Features 


• Bidirectional 
netlist interface between 
MAX+PLUS® 
and other major 
CAE software packages 


• 
Supports the industry-standard 
Elec- 
tronic Design Interchange 
Format 


(EDIF) version 200. 
• MAX EPLD designs entered on work- 
station CAE tools can be downloaded 
to MAX + PLUS for compilation; 
compile designs can then be returned 
to the workstation 
for device- or sys- 
tem-level simulation. 
• EDIF netlist reader imports EDIF 
netlists into MAX + PLUS. Library 
Mapping Files (LMFs) convert CAE 
library functions to MAX + PLUS li- 
brary functions. 


• LMFs allow conversion of common 
Dazix, Mentor Graphics, 
Valid Logic, 


and Viewlogic functions to 
MAX+ PLUS functions. 
• EDIF netlist writer produces post- 
synthesis logic and delay information 
used during device- or board-level 
simulation 
with popular CAE tools. 


• 
Runs on IBM PS/2®, 
PC-AT®, or 


compatible 
machines. 


• Logic Entry 
• Device Simulation 
• Board Simulation 
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Description 


The PLS-EDIF 
tool kit is a bidirectional 
ED IF netJist interface between worksta- 
tion-based CAE software packages and the 
PLDS-MAX + PLUS Design System (Fig- 
ure 1). 
PLS-EDIF 
allow.; the designer 
to enter 
and verify logic designs for MAX EPLDs 
using third-party 
CAE tools. The EDIF 
200 nellist exchange format is the two-way 
bridge between MAX + PLUS and third- 
party schematic 
capture 
and simulation 
tools. PLS-EDIF 
runs on an IBM PS/2, 
PC-AT, or compatible machines. 


Any CAE software package that produces 
EDIF 
200 
netlists 
can 
interface 
to 
MAX + PLUS with PLS-EDIF. EDIF net- 
lists are imported into MAX + PLUS using 
the ED IF Design File-to-Compiler Nellist 
File (EDF2CNF) Converter. Library Map- 
ping 
Files 
(LMFs) 
are 
used 
with 
EDF2CNF to map third-party CAE library 
functions 
to 
the 
MAX + PLUS 
library 
functions. LMFs are provided for Dazix, 
Mentor Graphics, Valid Logic, and View- 
logic software, but designers 
may create 
LMFs to map any CAE software library. 
After 
a 
design 
is 
imported 
into 
MAX + PLUS, it is compiled with the so- 
phisticated MAX +PLUS Compiler, which 


uses advanced logic synthesis and minimi- 
zation techniques together with heuristic 
fitting rules to optimize 
the design for 
MAX EPLD architecture. A Programmer 
Object File created by the MAX + PLUS 
Compiler is then used together with stan- 
dard Cypress or third-party programming 
hardware to program MAX devices. 
EDIF 
netJists 
can 
be 
exported 
from 
MAX + PLUS using the Simulator Nellist 
File-to-EDIF 
Design 
File 
(SNF2EDF) 


Converter. 
This converter 
generates 
an 
EDIF 
output 
file 
from 
a 
compiled 


MAX + PLUS design. The EDIF file con- 
tains the post-synthesis 
information 
used 


by CAE simulators to perform device- or 
board-level simulation. 
PLS-EDIF provides an open environment 
that allow.; popular CAE tools to be used 
to create and simulate MAX EPLD de- 
signs. The designer may use a preferred 
workstation schematic capture package to 
enter logic designs, and then quickly con- 
vert and compile them with EDF2CNF 
and 
MAX + PLUS. 
Likewise, 
designs 


compiled in MAX + PLUS and converted 
with SNF2EDF 
may be transferred 
to a 


workstation 
for 
simulation. 
The 
PLS- 


EDIF nellist reader and writer together al- 
low MAX EPLD designs to be entered and 
simulated on any workstation platform. 


• Logic Entry 
• Logic Synthesis 
• Device Simulation 
• Programming 


MAX+ PLUS is a registered trademark of AHeraCorporation. 
IBM PS/2 and PC-AT are registered trademarks of International BusinessMachinesCorporation. 


EDF2CNF 
Converter 


The EDF2CNF Converter generates one or more MAX + PLUS 
Compiler Nellist Files (CNFs) from an EDIF file. For each CNF, 
a Hierarchy Interconnect 
File (HIF) and a Graphic Design File 


(GDF) are also generated 
(see Figure 2). The CNF contains the 
connectivity data for adesign file. while the HIF defines the hierar- 
chical connections between design files. The GDF is a symbol that 
represents the actual design data in the CNF This symbol may be 
entered in the MAX + PLUS Graphic Editor and integrated into 
a logic schematic. 


EDF2CNF can convert any EDIF200 nellist with the following pa- 
rameters: 


EDIFlevelO 
keyword level 0 
view type NETUST 
cell type GENERIC 


Library Mapping Files (LMFs) are used with EDF2CNF to convert 
workstation CAE functions into equivalent MAX + PLUS func- 
tions. This direct substitution is beneficial because MAX + PLUS 
functions are optimized for both logic utilization and performance 
in MAX EPLD designs. 


One or more 
Ubrary Mapping Files 
may be used as inputs. 


One 
or more 
sets 


of CNF, HIF. and GDF 
are generated. 


Workstation 
Information 


EDF2CNF 
has been specifically tested for use with the Dazix, 
Mentor Graphics, Valid Logic, and Viewlogic CAE software pack- 
ages. In addition, LMFs for these products are provided with the 
PLS-EDIF 
tool kit. 


Dazix 


To design logic and create an EDIF file with Dazix software, the 
following applications are required: 


ACE (Dazix graphics editor) 
DANCE and DRINK (Dazix compiler) 
ENW verison 1.0 (Dazix EDIF netlist writer) 


Table 1 lists the 
Dazix basic functions 
that 
are mapped 
to 


MAX + PLUS functions. 


Dazix Function 
MAX+PLUS Function 


R/AND 
ANDI 
(I = 2,3,4,5,6,7,8,9) 


R/ANDD 
BNORI 
(I = 2,3,4, 5, 6, 7, 8, 9) 


RINAND 
NANDI 
(I = 2,3,4,6,7,8,9,13) 


RINANDD 
BORI 
(I = 2,3,4,5,7,8,9,13) 


RINOR 
NORI 
(I = 2, 3, 4, 5) 


RINORD 
BANDI 
(I = 2,3) 


R/OR 
ORI 
(I = 2, 3, 4, 5) 


R#ORD 
BNANDI 
(I = 2, 3, 4, 5) 


RlBUF 
MCELL 


R1INV 
NOT 
~ 


RlINVD 
EXP 


R10CBUF 
SCLK 


R10TBUF 
TRIBUF 


R1TINV 
TRINOT 


R2XNOR 
XNOR 
, 


R2XOR 
XOR 


R3UAOI 
1A2NOR2 


R4AOI 
2A2NOR2 


R40AI 
20R2NA2 


R8AOI 
4A2NOR4 


R13TNAND 
TNAND13 


R13TNANDD 
TBOR13 


RDFLOP 
DFF2 


RDLATCH 
RDLATCH 


RJKFLOP 
JKFF2 


Mentor Graphics 


To design logic and create an ED IF file using Mentor Graphics 
software, the following applications are required: 


NETED (Mentor Graphics graphics editor) 
EXPAND (Mentor Graphics compiler) 
EDIFNET 
version 7.0 (Mentor Graphics EDIF netlist writer) 


Table 2 lists the Mentor Graphics basic functions that are mapped 
to MAX + PLUS functions. 


Table 2. Mentor Graphics 
Libary Mapping File 


Mentor graphics 
MAX+ PLUS Function 
Function 


ANDI 
ANDI 
(I = 2, 3, 4, 5, 6) 


BUF 
SCLK 


DELAY 
MCELL 


DFF 
DFF2 


INV 
NOT 


JKFF 
JKFF2 


LATCH 
MLATCH 


NANDI 
NANDI 
(I = 2, 3, 4, 5. 6, 9) 


NORI 
NOR I 
(I = 2, 3, 4, 6, 8, 16) 


OR' 
OR2# 
(I = 2, 3, 4, 6, 8) 


XNOR2 
XNOR 


XOR2 
XOR 


Valid Logic 


To design logic and create an EDIF file using Valid Logic software, 
the following applications are required: 


ValidGED (Valid Logic graphics editor) 
ValidCompiler 
GEDIFNET 
(Valid Logic EDIF netlist writer) 


Table 3 lists the Valid Logic basic functions that are mapped to 
MAX + PLUS functions. 


Table 3. Mentor Graphics Libary Mapping File 


Valid Logic Function 
MAX+PLUS Function 


INV 
EXP 


LSOO 
NAND2 


LS02 
NOR2 


LS04 
NOT 


LS08 
AND2 


LSIO 
NAND3 


LSll 
AND3 


LS20 
NAND4 


LS2I 
AND4 


LS27 
NOR3 


LS28 
NOR2 


LS30 
NAND8 


LS32 
OR2 


LS37 
NAND2 


LS40 
NAND4 


LS74 
DFF2 


LS86 
XOR 


LSI26 
TRI 


LS280 
DFF2 


LS386 
XOR 


Viewlogic 


To design logic and create an EDIF file using Viewlogic software, 
the following applications are required: 


Workview (Viewlogic graphics editor) 
EDIFNET2 
version 3.02 (Viewlogic EDIF netlist writer) 


Table 4 lists the Viewlogic basic functions 
that are mapped to 


MAX + PLUS functions. 


Table 4. Viewlogic Libary Mapping File 


Dazix Function 
MAX+PLUS Function 


ANDI 
ANDI 
(I = 2, 3, 4, 8) 


ANDNOR22 
2A2NOR2 


BUF 
SOFT 


DANDI 
DANDI 
(I = 2, 3, 4, 8) 


DElAY 
MCELL 


DORI 
DORI 
(I = 2, 3, 4, 8) 


DXORI 
DXORI 
(I = 2, 3, 4, 8) 


JKFFRE 
JKFFRE 


MUX41 
MUX41 


NANDI 
NANDI 
(I = 2, 3, 4, 8) 


NORI 
NORI 
(I = 2, 3, 4, 8) 


NOT 
NOT 


ORI 
ORI 
(I = 2, 3, 4, 8) 


TRIANDI 
TANDI 
(I = 2, 3, 4, 8) 


TRIBUF 
TRIBUF 


TRINANDI 
TNANDI 
(I = 2, 3, 4, 8) 


TRINORI 
TNORI 
(I = 2, 3, 4, 8) 


TRINOT 
TRINOT 


TRIORI 
TORI 
(I = 2, 3, 4, 8) 


UBDEC38 
DEC38 


UDFDL 
UDFDL 


UJKFF 
UJKFF 


XNOR2 
XNOR 


XNORI 
XNORI 
(I = 3,4,8) 


XOR2 
XOR 


XORI 
XORI 
(I = 3,4,8) 


LMF Support for TTL Macrofunctions 


In addition to the basic gates, LMFs map various Dazix, Mentor 
Graphics, Valid Logic, and Viewlogic TIL macrofunctions to their 
MAX + PLUS equivalents, as shown in Table 5. 


Table S. TTL Function Mappings in LMFs 


MAX +PLUS 
Dazix 
Mentor 
Graphics 
Valid 
Logic 
Viewlogic 


7442 
LS42 
74LS42 
LS42 
74LS42 


DFF2 
LS74 
74LS74A 
LS74 
74LS74A 


7483 
LS83 
74LS83A 
LS83 
74LS83A 


7485 
LS85 
74LS85 
LS85 
74LS85 


7491 
LS91 
74LS91 
LS91 
74LS91 


7493 
LS93 
74LS93 
LS93 
74LS93 


74138 
LS138 
74LS138 
LS138 
74LS138 


74139 
LS139 


74139M 
74LS139A 
LS139 
74LS139 


74151 
LS151 
74LS151 
LS151 
74LS151 


74153 
74LS153 
74LS153 


74153M 
LS153 
LS153 


74157 
LS157 
74LS157 
74LS157 


74157M 
LS157 


74160 
LSI60 
74LSI60A 
LSI60 
74LSI60A 


74161 
LS161 
74LS161A 
LS161 
74LS161A 


74162 
LS162 
74LS162A 
LS162 
74LS162A 


74163 
LS163 
74LS163A 
LS163 
74LS163A 


74164 
LSI64 
74LSI64 
LSI64 
74LSI64 


74165 
LS165 
74LS165 
LS165 
74LS165 


74174 
LS174 
74LS174 
74LS174 


74174M 
LS174 


74181 
LS181 
74LS181 
LS181 
74LS181 


74190 
LS190 
74LS19O 
LS190 
74LS19O 


74191 
LS191 
74LSI91 
LS191 
74LSI91 


74194 
LS194 
74LS194A 
LS194A 
74LS194A 


74273 
LS273 
74LS273 
74LS273 


74174M 
LS273 


74279MD 
LS279 


74279M 
74LS279 
LS279 
74LS279 


74280 
LS280 
74LS280 
LS280 
74LS280 


74373 
LS373 
74LS373 
74LS373 


74373M 
LS373 


74374 
LS374 
74LS374 
74LS374 


74374M 
LS374 


74393M 
LS393 
74LS393 
LS393 
74LS393 


Custom Library Mapping Files 


Designers can map their commonly used workstation functions to 
MAX + PLUS equivalents by modifying an LMF orcreatmg a new 
one. If no equivalent 
function currently exists in MAX + PLUS, 


the user can create the function with the MAX + PLUS GraphIc 
Editor or Text Editor before mapping the function in an LMF. Fig- 
ure 3 shows an example of this process. 


formation for the completed design. This design-specific informa- 
tion is also contained in the EDIF output file after conversion so 
that it may be integrated into a workstation environment 
for simu- 
lation. An optional command file enables the user to customIze 
the output EDIF file for various workstation environments 
by re- 
naming certain constructs or by changing the EDIF level or key- 
word level (see Figure 4). 


The EDIF output file may have one of two formats. The first for- 
mat expresses all delays with special ED IF property constructs. 
The second expresses combinatorial 
delays with portdelay con- 
structs and registered delays as pathdelay constructs-a 
format 


that is especially useful for behavioral simulators. Both formats are 
shown in Figure 5. 


SNF2EDF 
Converter 


The SNF2EDF 
Converter 
creates an industry-standard 
level 0 


EDIF file from a MAX + PLUS Simulator Nellist File (SNF). The 
SNF, which is optionally generated during compilation of a MAX 
EPLD design, contains all post-synthesis functional and delay in- 


Step 2: Design an equivalent circuit with the MAX + PLUS Graphic Editor 


CYPRESS_ADS 


, 
INPUT 


: 
AJN 
Vcc 
-- 
... _-------- 
..... _--_ 
... 


,--_ 
..• _--- 
--------_ 
.... 
INPUT 
' 


: 
8 IN 
V 


I 
- 
CC 
• 


••• 
••.•••• 
J 


: -NO-R2 - - - - -:. 
• 


I 
OUTPUT 
I 


Z OUT 
I 
I 
~ 
~ 
• 


.......................• 


, 
INPUT 


I C IN 
• 


I 
- 
Vcc 
,------ 
.. ---------_ 
...• 
• 


BEGIN 
FUNCTION 
MAX_A05 
(A_IN, B_IN, C_IN) 
RETURNS 
(Z_OUT) 
FUNCTION 
"A0511 
("All, 
"B", 
·'e") 
RETURNS 
("Z") 


END 


Format 1: Delays expressed with property constructs 


(instance xor2_5 


(viewRef viewl 


(cellRef XOR2 
(property TPD(integer 
20) (unit TIME))) 


Format 2: Delays expressed with portdelay and pathdelay constructs 


(instance xor2_5 


(viewRef viewl 
(cellRef XOR2 
(portInstance &1 
(portDelay 


(derivation CALCULATED 
(delay(e 20 - 10))))) 


System Requirements 


• 
IBM PC-AT or compatible computers; IBM PS/2 modesl 50, 
60,70, or 80 


• MS-DOS version 3.1 or later version 
• 640 Kbytes of RAM 
• 
1 Mbyte of expanded memory compatible with version 3.2 or 
a later version of the LotusllntellMicrosoft 
Expanded 


Memory Specification 
• 
EGA, VGA, or Hercules Monochrome 
display 
• 2O-Mbyte hard disk drive 
• 
1.2-Mbyte 5'1." or l.44-Mbyte 3'1z" floppy disk drive 


• 
MAX + PLUS version 2.01 or a later version 
• 
Workstation-PC 
network hardware and software with the 


ability to transfer ASCII files 


Package Contents 


• Floppy diskettes containing an PLS-EDIF 
programs and files 
for both PC-AT and PS/2 platforms 
- 
EDF2CNF Converter 


- 
SNF2EDF Converter 


- 
Library Mapping Files for Dazix, Mentor Graphics, Valid 
Logic, and Viewlogic 


- 
MAX + PLUS macrofunctions 
for Dazix, Mentor Graph- 


ics, Valid Logic, and Viewlogic Iihraries 


- 
Example files 


• 
Documentation 
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Features 


• Combined PROM, PLD, and EPROM Programmer 
• 
Programs 
all Cypress CMOS & ECL PLDs and PROMs 


• 
Easy-to-use, 
menu-driven 
software 
• 
New device and feature updates via floppy disk and adapters 


• Plugs into standard 
IBM PC@) parallel port-no 
need to 


use up a bus slot 


• Compatible with IBM PC/AT@), PS/2@), and compatible 


computers 
• 
Programs 
20-, 24-, 28-, 32-, 40-, 44-, and 68-pin Cypress 
PLDs and PROMs via device adapters 


• Modular design with adapter bus for future device support 


and future feature enhancements 


• Comprehensive 
self-test and automatic 
calibration 
software 
• 
Supports Vmargin verification 
for a higher degree of device 


reliability 


Description 


QuickPro II is Cypress's second-generation 
QuickPro PLD and 


PROM device programmer. 
It incorporates new architectural fea- 


tures that enable it to handle all current and future devices through 
a 96-pin universal bus connector. 
The QuickPro II hardware can 


be installed on any IBM PC/AT- or PS/2-compatible computer by 
simply plugging into a standard parallel port. The software com- 
municates with the QuickPro II electronics via this parallel port 
and utilizes intelligent programming 
algorithms to minimize de- 


vice programming 
time. 


The QuickPro II architecture 
and feature set were dictated by the 
needs of Cypress's new-generation 
PLDs and PROMs. 
Many of 
these devices offer very high performance 
and complexity with 


large numbers of pins. To meet these needs, the QuickPro II uti- 
lizes flexible pin electronics, a universal adapter bus and a carefully 
engineered system design that minimizes electrical noise. Pin elec- 
tronics are located as close as possible to the device being pro- 
grammed. 
In addition to the V pp and Vcc voltage sources needed 
to program parts, the QuickPro II incorporates a Vmargin voltage 
source for measuring the relative programming margins to which 
a device has been programmed and a Vref voltage source for doing 
self-testing and calibration. 


For PLDs, QuickPro II uses the JEDEC standard data format, so 
present and future design tools such as PLD ToolKit@), ABEL@), 
CUPL@),and PALASM@)can be used. QuickPro II reads Intellec 
86@),Motorola S, TEK and space format files. It also reads and 
writes PROM 
PC DOS binary files for use with assemblers and 


compilers. 
QuickPro II is a low-cost, full-feature programming! 
verification system with a flexible and extendible architecture. The 
user interface software is menu-driven with complete on-screen 
explanations. 


Size 


The QuickPro II base unit is approximately 10 1/2" x 8 1/2" xl". 
Individual device family adapters vary in size from 5" x 3" to 6" 


x 6". The parallel port cable and AC power adapter cable are both 
approximately 6' in length. 


Power 


AC Power Adapter: 
17 VAC @ 500 mA 


Device Adapters 


Device adapters are external modules with various pin and socket 
configurations. 
Each adapter plugs into the QuickPro II bus con- 


nector and maps the pins of particular devices and packages to the 
pin electronics resources available at the connector. 
Each adapter 


has at least one LED that indicates when power is being applied 
to the socket. In addition to these device adapters, package adapt- 
ers are also used to accommodate 
the various package options 


available for PLDs and PROMs. 
Memory 


640K of total memory is necessary to operate the QuiekPro II soft- 
ware. 


Devices Supported 


QuickPro II hardware 
and software supports the programming 


and verification of all Cypress and Aspen PLDs and PROMs. 


Ordering Information 


CY3300 
QuickPro II system including: 


CY3301 
QuickPro II base unit 


CY3302 
QuickPro II parallel port cable 


CY3303 
QuickPro II AC power adapter 


CY3304 
QuickPro II software (disk & manual) 


CY3202 
QP2-MAX version of QuickPro II for 
PLDS-MAX + PLUS design tool that consists of 
the CY3300 system and the CY3342 and CY3344 
adapters. 


International 
versions (220V) of the CY3300 and the CY3202 are 


also available. 
Device Adapters 


Adapter for all Cypress 20-,24-,28-, and 32-pin 
devices excluding the MAX parts. 
Contains 


20-, 24, and 28- pin DIP sockets (package 
adapters required for 32-pin devices). 


Adapter for the CY7C342-PLCC 


Adapter for the CY7C342-PGA 


Adapter for the CY7C344-PLCC 
& DIP 


Adapter for the CY7C343-PLCC 
& DIP • 


CY3342 


CY3342R 


CY3344 


CY33435 


Package Adapters 


Package adapters are used with the CY3320 generic dcvice pro- 
gramming adapter on the OuickPro II in ordcr to accommodate 
Cypress's wide variety of device packaging options. 
The package 


adapters used with devices having 28 native pins on the OuickPro 
II are the same as those used on the original OuickPro@. 
The 
number of native pins that a device has refers to the number of ac- 
tual signal, power and ground pins used-excluding 
any N/C (No 


Connects) in a particular package. All devices are programmed in 
the CY3320 adapter's DIP socket having the same number of pins 
as the native pins on the device. 
Therefore, 
a 22V 10 is pro- 


grammed in the 24-pin DIP socket, regardless of whether it is in 
a pIP package or a PLeC package, even though the PLeC pack- 
age has 28 pins (4 are N/Cs). 
A package adapter between the 


28-pin PLCC and the 24-pin DIP sockets isused to accomplish this. 
The following list summarizes the package adapters used with the 
CY3320 adapter on the OuickPro II. 


Devices with 20 native pins 


CY3360A 
2O-pinLCC - Package codes 1.61 and 061 
- All devices 


CY3360B 


CY3360C 


CY3360D 


2O-pin PLeC - Package code J61 - All devices 


2O-pin SOJ - Package code V5 - All devices 


2O-pin Cerpack - Package code K71 


CY3361A 


CY3361B 


CY3361C 


CY3361E 


CY3361F 


CY3361G 


CY3361H 


28-pin LeC (22V10, CG7C323, CG7C324) 


28-pin LeC (7C225, 7C235, 7C245, 7C261/3/4, 7C281/2, 7C291/2, 7C245, 7C291N2N3A) 


28-pin LeC (20G 10, 2ORAIO) 


28-pin PLCC and HLCC (22V10, CG7C323, CG7C324) 


28-pin PLeC and HLeC (20G10, 2ORA10) 


24-pin Cerpack - Package codes K73, T73 - All devices 


24-pin SOIC - Package code S13 - All devices 


Devices with 28 native pins 


CY3008 
28-pin LeC - Package codes 1.64 and 064 - All devices 


CY3009 


CY3022 


CY3020 


CY3017 


CY3012 


CY3024 


CY3026 


CY3027 


CY3028 


CY3029 


28-pin PLeC and HLeC 
- Package codes J64 and H64 - All devices 


28-pin SOJ - Package code V21 - All devices 


28-pin Cerpack - Package codes K74, T74 - All devices 


32-pin rectangular LeC (7C25114) 


32-pin rectangular LeC (7C266, 7C271/4, 7C279) 


32-pin rectangular LeC (7C277) 


32-pin DIP (7C289) 


32-pin rectangular LeC (7C285, 7C287) 


32-pin rectangular LeC (7C286) 


32-pin rectangular LeC (7C289) 


QuickPro, QuickPro II, and PLD ToolKitare trademarks of CypressSemiconductor Corporation. 
IBM PC, PC/AT,and PS/2 are registered trademarks of International BusinessMachinesCorporation. 
ABEL is a registered trademark of Data 110Corporation. 
CUPL is a registered trademark of AssistedTechnology. 
PALASMis a registered trademark of MonolithicMemories Inc. 
InteJlec86 is a trademark of Intel Corporation. 
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Quality, Reliability, and Process Flows 


Cypress believes in product excellence. Excellence can only be de- 
fined by how the users perceive both our product quality and reli- 
ability. If you, the user, are not satisfied with every device that is 
shipped, then product excellence has not been achieved. 


Product excellence does not oceur by following the industry 
norms. It begins by being better than one's competitors, with bet- 
ter designs, processes, controls and materials. Therefore, product 
quality and reliability are built into every Cypress product from 
the start. 


Some of the techniques used to insure product excellence are the 
follo"ing: 
• 
Product Reliability starts at the initial dcsign inception. It is 
built into every product design from the very start. 


• 
Product Quality is built into every step of the manufacturing 
process through stringent inspections of incoming materials 
and conformance 
chccks after critical process steps. 
• 
Stringent inspcctions and reliability conformance checks arc 
done on finished product to insure the finishcd product 
quality requirements 
are met. 


• 
Field data test results are encouraged 
and tracked so that 


accelerated testing can be correlated to actual use experi- 
ences. 


Product Assurance 
Documents 


Cypress 
Semiconductor 
uses 
MIL-STD-883C 
and 
MIL- 


M-3851OHas baseline documents to determine our Test Methods, 
Procedures and General Specifications for semiconductors. 


Customers using our Commercial 
and Industrial grade product 


rcceive the benefit of a military patterned process flow at no addi- 
tional charge. 


Product Testing Categories 


Five differcnt testing catcgorics arc offered by Cypress: 


1. Commercial operating range product: DoC to + 70°C. 


2. Industrial operating range product: -40°C to +85°C. 
3. Military Grade product processed to MIL-STD-883C; Military 
operating range: -55°C 
to + 125DC. 


4. SMD (Standardized Military Drawing) approved product: Mil- 


itary operating range: -55°C to + 125DC,electrically tested per 
the applicable Military Drawing. 


5. JAN qualificd product; Military operating 
range: -55°C 
to 


+ 125°c, electrically tested per MIL-M-3851O slash sheet re- 
quirements. 


Category 1, 2, and 3 are available on all products offered by Cy- 
press Semiconductor. 
Category 4 and 5 are offered on a more lim- 
ited basis, dependent 
upon the specific part type in question. 


Commercial 
Product Assurance 
Categories 


Commercial grade devices are offered with two different classes 
of product assurance. Every device shipped, as a minimum, meets 
the processing and screening rcquirements 
of level 1. 


Levcl 1: 
For commercial or industrial systems whcre thc dc- 
mand for quality and reliability is high, but where field 
service and device replacement 
can be reasonably ac- 
complished. 


Level 2: 
For enhanced reliability applications and commercial 
or industrial systems where maintenance 
is difficult 
and/or expensive and reliability is paramount. 


Devices are upgraded from Levell 
to Level 2 by addi- 


tional tcsting and a burn-in to MIL-STD-883, Method 
1015. 


Tables I and 2 list the 100% screening and quality conformance 
testing performed by Cypress Semiconductor in order to meet re- 
quirements of these programs. 


Military Product Assurance 
Categories 


Cypress' Military Grade components and SMD products are pro- 
cessed per MIL-STD-883C using methods 5004 and 5005 to define 
our scrccning and quality conformance proc£dures. The process- 
ing pcrformed by Cyprcss results in a product that mects the class 
n screening requirements 
as called out by these methods. Evcry 


device shipped, as a minimum, mects these rcquirements. 
JAN, SMD and Military Grade devices supplied by Cypress are 
processed for applications where maintenance 
is difficult or ex- 
pensive and reliability is paramount. 
Tables 3 through Table 71ist 


the screening and quality conformance 
testing that is performcd 


in order to meet the processing requirements 
requircd by Mllr 
STD-883C and MIL-M-3851O. 
• 


Product Temperature 
Ranges 


Screen 
MIL-STD-883 Method 
Commercial 
O°C to +70°C; 
Industrial-40°C 
to +8SoC 


Levell 
Level 2 


Plastic 
Hermetic 
Plastic 
Hermetic 


Visual/Mechanical 


• Internal Visual 
2010 
O.4%AQL 
100% 
0.4%AQL 
100% 


• Hermeticitr.e 


- Fine 
ak 
1014,Cond A or B (sample) 
Does Not Apply 
LTPD = 5 
Does Not Apply 
LTPD = 5 
- Gross Leak 
1014, Cond C 
Does Not Apply 
100% 
Does Not Apply 
100% 


Bum-in 


• Pre-Burn-in Electrical 
Per Device Specification 
Does Not Apply 
Does Not Apply 
100% 
100% 


• Bum-in 
Per Cypress Specification 
Does Not Apply 
Does Not Apply 
100%(11 
100%(11 


• Post-Bum-in 
Electrical 
Per Device Specification 
Does Not Apply 
Does Not Apply 
100% 
100% 


• Percent 
Defective 
Does Not Apply 
Does Not Apply 
5% (maxj2j 
5% (maxj2j 
Allowable (PDA) 
Final Electrical 
Per Device Specification 


• Static (DC~ Functional, 
1. At 25°C and Power 
Not Performed 
Not Performed 
100%[1] 
100%[11 


and Switching (AC) Tests 
Supplies Extrcmes 
2. At Hot Temperature 
and 
100% 
100% 
100% 
100% 


Power Supply Extremes 
Cypress Quality 
Lot Acceptance 


• External Visual 
2009 
[3] 
[3] 
[3] 
[3] 


• Final Electrical 
Cypress Method 17-00064 
[3] 
[3] 
[3] 
[3] 
Conformance 


Product Temperature 
Ranges 


Screen 
MIL-STD-883 Method 
Commercial 
O°C to +70°C; 
Industrial-40°C 
to +8SoC 


Levell 
Level 2 


Burn-in 


• Pre-Burn-in Electrical 
Per Device Specification 
Does Not Apply 
100% 


• Bum-in 
1015 
Does Not Apply 
100% 


• Post-Burn-in Electrical 
Per Device Specification 
Does Not Apply 
100% 


• Percent 
Defective 
Does Not Apply 
15% 


Allowable (PDA) 
Final Electrical 
Per Device Specification 


• Static (DC~ Functional, 
1. At 25°C and Power 
Not Performed 
100% 


and Switching (AC) Tests 
Supply Extremes 
2. At Hot Temperature 
and 
100% 
100% 


Power Supply Extremes 
Cypress Quality 
. 


Lot Acceptance 


• External Visual 
2009 
Per Cypress Module Specification 
Per Cyprcss Modulc Specification 


• Final Electrical 
Cypress Method 17-00064 
[3] 
[3] 


Conformance 


Notes: 
1. 
Bum-in is performed as a standard for 12 hours at ISO"C. 


2. 
ElectricalTest is performed after burn-in. Resultsof this are used 
to determine PDA percentage. 


~=- 
~ 


~;~ ,~ 


Table 3. Cypress JAN/SMD/Military 
Grade Product Screening Flows for Class B 


Product Temperature 
Ranges -55°C 
to + 125°C 


Screen 
Screening Per 
Method 5004 of 
JAN 
SMD/Military 
Military Grade 


MIL-STD-883 
Grade Product 
Module 


Visual/Mechanical 


• Internal Visual 
Method 2010, Cond B 
100% 
100% 
N/A 


• Temperature 
Cycling 
Method 1010,Cond C, (10 cycles) 
100% 
100% 
Optional 


• Constant Acceleration 
Method 2001. Cond E (Min), 
100% 
100% 
N/A 


Y1 Orientation 
Only 


• Hermeticity: 


100% 
100% 
N/A 
- 
Fine Leak 
Method 1014, Cond A or B 
- 
Gross Leak 
Method 1014, Cond C 
100% 
100% 
N/A 


Bum-in 


• Pre-Burn-in Electrical 
Per Applicable Device 
100% 
100% 
100% 
Parameters 
Specification 


• Bum-in Test 
Method 
lOIS, Cond D, 
100% 
100% 
100% 


160 Hrs at 125°C Min or 
(48 Hours at 125°C) 


80 Hrs at 150°C 


• Post-Burn-in Electrical 
Per Applicable Device 
100% 
100% 
100% 
Parameters 
Specification 


• Percent 
Defective 
Maximum PDA, for All Lots 
5% 
5% 
10% 
Allowable (PDA) 


Final Electrical Tests 


• Static Tests 
Method 5005 
100% Test to 
100% Test to 
100% Test to 


Subgroups 1, 2 and 3 
Slash Sheet 
Applicable Device 
Applicable 


Specification 
Specification 


• Functional Tests 
Method 5005 
100% Test to 
100% Test to 
100% Test to 


Subgroups 7, 8A and 8B 
Slash Sheet 
Applicable Device 
Applicable 


Specification 
Specification 


• Switching 
Method 5005 
100% Test to 
100% Test to 
100% Test to 


Subgroups 9, 10 and 11 
Slash Sheet 
Applicable Device 
Applicable 


Specification 
Specification 


Quality Conformance Tests 


• Group A14) 
Method 5005. See 
Sample 
Sample 
Sample 


• Group B 
Table 4-7 for 
Sample 
Sample 
Sample 


• Group CiS] 
details 
Sample 
Sample 
Sample 


• Group DISI 
Sample 
Sample 
Sample 


External Visual 
Method 2009 
100% 
100% 
100% 


Notes: 
4. 
Group A subgroups 
tested for SMDlMilitary 
Grade products are I, 
2,3,7, 
8A, 88, 9,10, II, or per JAN Slash Sheet. 


5. 
Group 
C and 0 end-point 
electrical 
tests for SMD/Military 
Grade 


products are performed 
to Group A subgroups 
1, 2, 3, 7, 8A, 813, 9, 


10, 11, or per JAN Slash Sheet. 


Sub- 
group 
Description 
Sample Size/Accept No. 


Components 
Modules!61 


1 
Static Tests at 25°C 
116/0 
77/1 


2 
Static Tests at 
116/0 
55/1 
Maximum Rated 
Operating Temperature 


3 
Static Tests at 
116/0 
55/1 
Minimum Rated 
Operating Temperature 


4 
Dynamic Tests at 25°C 
116/0 
77/1 


5 
~amic 
Tests at 
116/0 
55/1 
aximum Rated 
Operating Temperature 


6 
~amic 
Tests at 
116/0 
55/1 
inimum Rated 
Operating Temperature 


7 
Functional Tests at 25°C 
116/0 
77/1 


8A 
Functional Tests at 
116/0 
55/1 
Maximum Temperature 


8B 
Functional Tests at 
116/0 
55/1 
Minimum Temperature 


9 
Switching Tests at 25 °C 
116/0 
77/1 


10 
Switching Tests at 
116/0 
55/1 
Maximum Temperature 


11 
Switching Tests at 
116/0 
55/1 
Minimum Temperature 


Cypress uses an LTPD sampling plan that was developed by the 
Military to assure product quality. Testing is performed to the sub- 
groups found to be appropriate 
for the particular device type. All 


Military Grade component 
products have a Group A sample test 
performed 
on each inspection 
lot per MIL-STD-883 
and the 


applicable device specification .. 


Table 5. Group B Quality Tests 


Sub- 
group 
Description 
Quantity/Accept 
# 
or LTPD 


Components 
Modules!6] 


2 
Resistance 
to Solvents, 
4/0 
4/0 
Method 2015 


3 
SOlderab~, 
10 
10/0 
Method 
3 


5 
Bond Strength, 
15 
NA 
Method 2011 


Notes: 
6. 
MilitaryGrade Modulesare processedto proposedJEDEC standard 
flowsfor MIL-STD-883 compliant modules. 


tion lot is defined as a group ot matenal ot the same deVlce type, 
package type and lead finish built within a sixweek seal period and 
submitted to Group B testing at the same time. 


Table 6. Group C Quality Tests 


Sub- 
group 
Description 
LTPD 


Components 
Modules(6) 


1 
Steady State Life Test, 
5 
15/2 


End 
Point 
Electricals, 


Method 1005 


Group C tests for JAN product are performed on one device type 
from one inspection for lot representing each technology. Sample 
tests are performed 
per MIL-M-3851O from each three month 


production 
of devices, which is based upon the die fabrication 


date code. 


Group C tests for SMD and Military Grade products are per- 
formed on one device type from one inspection lot representing 
each technology. Sample tests are performed per MIL-STD-883 
from each four calendar quarters production of devices, which is 
based upon the die fabrication date code. 


End-point electrical tests and parameters 
are performed 
per the 


applicable device specification. 


Table 7. Group D Quality Tests (Package Related) 


Sub- 
group 
Description 
Quantity/Accept 
# 
or LTPD 


Components 
Modules!·1 


1 
Physical Dimensions, 
15 
15/2 


Method 2016 


2 
Lead Integrity, Seal: 
15 
15/2 


Fine & Gross Leak, 
Method 2004 & 1014 


3 
Thermal Shock, Temp 
15 
15/2 


Cycling, Moisture 
Resistance, Seal: Fine 
& Gross Leak, Visual 
Examination, End- 
Point, Electricals, Meth- 
ods 
1011,1010,1004& 
1014 


4 
Mechanical Shock, 
15 
15/2 


Vibration - Variable 
Frequency, Constant 
Acceleration, Seal: 
Fine & Gross Leak, 
Visual Examination, 
End-Point Electricals, 
Methods 2002, 2007, 
2001 & 1014 


Table 7. Group D Quality Tests (Package Related) 
(continued) 


Sub- 
group 
Description 
Quantity/Accept 
# 
or LTPD 


Components 
Modules'7] 


5 
Salt AtmOSl'here, 
15 (0) 
1512 


Seal: Fine 
Gross Leak, 
Visual Examination, 
Methods 1009 & 1014 


6 
Internal Water-Vapor 
3(0) or 5(1) 
N/A 


Content; 5000 ppm 
maximum @ 100°C. 
Method 1018 


7 
Adhesion of Lead 
15(0) 
15/2 
Finish,'SI 
Method 2025 


8 
Lid Torque, 
5(0) 
N/A 
Method 2024191 


Notes: 
7. 
Does not apply to lead less chip carriers. 
8. 
Based on the number 
of leads. 
9. 
Applies only to packages with glass seals. 


Group 0 tests for JAN product are performed per MIL-M-3851O 
on each package type from each six months of production, based 
on the lot inspection identifJcation (or date) codes. 


Group 0 tests for SMD and Military Grade products are per- 
formed per MIL-STD-883 on each package type from each 52 
weeks of production, based on the lot inspection identifJcation (or 
date) codes. 


End-point electrical tests and parameters are performed per the 
applicable device specifJcation. 


Commercial 
and Industrial 
Product 


• 
Screened to either Level 1 or Level 2 product assurance 
flows 


• 
Hermetic and Molded packages available 
• 
Incoming Mechanical and Electrical performance 
guaran- 


teed: 
- 
0.02% AQL Electrical Sample test performed on every 
lot prior to shipment 


- 
0.65% AQL External Visual Sample inspection 


• 
Electrically tested to Cypress data sheet 


Ordering Information 


Product Assurance 
Grade: Levell 


• 
Order Standard Cypress part number 
• 
Parts marked the same as ordered part number 


Ex: CY7C122-15PC, PALC22V10-25PI 


Product Assurance 
Grade: Level 2 


• 
Burn-in performed 
on all devices to Cypress detailed circuit 


specification 
• 
Add "B" Suffix to Cypress standard part number when or- 
dering to designate l3"urn-inoption 


• 
Parts marked the same as ordered part number 


Ex: CY7C122-15PCB, PALC22V10-25PIB 


Military Grade Product 


• 
SMD and Military Grade components 
are manufactured 
in 


compliance with paragraph 
1.2.1 of MIL-STD-883. Com- 


pliant products are identified by an 'MB' suffIXon the part 
number (CY7C122-25DMB) and the letter "C" 


• 
JAN devices are manufactured 
in accordance with MIL- 


M-3851O 
• 
Military grade devices electrically tested to: 
- 
Cypress data sheet specifications 


OR 
- 
SMD devices electrically tested to military drawing speci- 
fications 


OR 
- 
JAN devices electrically tested to slash sheet specifica- 
tions 


• 
All devices supplied in Hermetic packages 


• 
Quality conformance 
inspection: Method 5005, Groups A, 


B, C, and 0 performed 
as part of the standard process flow 


• 
Burn-in performed 
on all devices 
- 
Cypress detailed circuit specification for non-Jan devices 


OR 
- 
Slash sheet requirements 
for JAN products 


• 
Static functional and switching tests performed 
at 25°C as 


well as temperature 
and power supply extremes on 100% of 


the product in every lot 
• 
JAN product manufactured 
in a DESC certifJed facility 


Ordering Information 


JAN Product: 


• 
Order per military document 
• 
Marked per military document 
Ex: JM3851O/2890lBVA 


• 
Order per military document 
• 
Marked per military document 
Ex: 5962-8867001LA 


Military Grade Product: 


- 
Order per Cypress standard military part number 


- 
Marked the same as ordered part number 


Ex: CY7C122-25DMB 


Military Modules 


• 
Military Temperature 
Grade Modules are designated with 


an 'M' suffix only. These modules are screened to standard 
combined flows and tested at both military temperature 
extremes. 
• 
MIL-STD-883 Equivalent Modules are processed to pro- 
posed JEDEC standard flows for MIL-STD-883 compliant 
modules. All MIL-STD-883 equivalent modules are as- 
sembled with fully-eompliant MIL-STD-883 components. • 


INCOMING 
MATERIALS 
INSPECTION 


DIFFUSION/ION 
IMPLANTATION 


PHOTOLITHOGRAPHY 
fETCHING 


FAB 
ac VISUAL 
OF 
WAFERS 


FAB 
ac MONITOR 
OF 
E-TESTDATA 


TEST 
ac CHECK 
PROBING 
AND 
ELECTRICAL 
TEST 
RESULTS 


TO ASSEMBLY 
AND TEST 


All incoming 
materials 
are inspected 
to documented 
procedures 
covering 
the 


handling, 
inspection, 
storage, 
and release 
of raw materials 
used 
in the 


manufacture 
of Cypress 
products. 
Materials 
inspected 
are: wafers, 
masks, 


leadframes. 
ceramic 
packages 
and/or 
piece 
parts, 
molding 
compounds, 


gases, 
chemicals, 
etc. 


Sheet resistance. 
implant 
dose, 
species 
and CV characteristics 
are measured 
for all critical 
implants 
on every product 
run. Test wafers 
may be used to 


collect 
this data instead 
of actual 
production 
wafers. 
If this is done, 
they are 


processed 
with the standard 
product 
prior to collecting 
specific 
data. This 


assures 
accurate 
correlation 
between 
the actual 
product 
and the wafers 
used 


to monitor 
implantation. 


sample 
wafers 
and sample 
sites are inspected 
on each run from 
various 


positions 
of the furnace 
load to inspect 
for oxide 
thickness. 
Automated 


equipment 
is used to monitor 
pinhole 
counts 
for various 
oxidations 
in the 


process. 
In addition, 
an appearance 
inspection 
is performed 
by the opeartor 
to 


further 
monitor 
the oxidation 
process. 


Appearance 
of resist is checked 
by the operator 
after the spin operation. 
Also, 


after the film is developed, 
both dimensions 
and appearance 
are checked 
by 


the operator 
on a sample 
of wafers 
and locations 
upon 
each wafer. Final CDs 


and alignment 
are also sample 
inspected 
on several 
wafers 
and sites on each 


wafer on every product 
run. 


Film thickness 
is monitored 
on every run. Step coverage 
cross-sections 
are 


performed 
on a periodic 
basis to insure 
coverage. 


An outgoing 
visual 
inspection 
is performed 
on 100% 
of the wafers 
in a lot to 


inspect 
for scratches, 
particles, 
bubbles. 
etc. Film thickness 
is verified 
on a 


sample 
of wafers 
and locations 
within 
each given 
wafer on each run. Pinholes 


are monitored 
on a sample 
basis weekly. 


Electrical 
test is performed 
for final 
process 
electrical 
characteristics 
on every 


wafer. 


Weekly 
review 
of all data trends; 
running 
averages, 
minimums. 
maximums, 


etc. are reviewed 
with the process 
control 
manager. 


PLASTIC 
ASSEMBLY 
FLOW 


Quality, Reliability, 
and Process 
Flows 


Wafer Prep/Mount/saw 
Inspect 
for accurate 
sawing 
of 


scribeline 
and 100% saw-through 


Die Visual 
Inspection 
Inspect 
die per Cypress 
equivalent 
to 
MIL-STD-883, 
Method 
2010, condition 
B 


QC Visual 
Lot Acceptance 
Sample 
inspect 
die; 1.0% AQL 


Die Attach 
Attach 
per Cypress 
detailed 
specification 


QC Process 
Monitor 
Inspect 
for die position, 
quality 
and uniformity 
of 
die attach 
and attachment 
strength, 
MIL-STD-883, 
Method 
2010, criteria 


Wire Bond 
Bond per Cypress 
detailed 
specification 


QC Process 
Monitor 
- Wire Bonding 
Monitor 
bond 
strength 
and failure 
mode 


Internal 
Visual 
Inspection 
Low-power 
(30x) inspection 
of workmanship 
MIL- 
STD-883, 
Method 
2010, condition 
B 


QC Visual 
Lot Acceptance 
Sample 
inspect 
lot to verify workmanship, 
MIL-STD-883, 
Method 
2010, condition 
B, 
criteria; 
0.4% 
AQL 


Die Coat 
Coating 
applied 
to selected 
products 


HERMETIC 
ASSEMBLY 
FLOW 


Periodic 
OC Monitor, 
Lid-Torque 
Shear strength 
of glass-frit 
seal tested 


to MIL-STD-883, 
Method 
2024 


Post Mold Cure 


Per Cypress 
method 
for molding 
compound 


Lead Trim/Form 
Lead trim and form for plastic 
devices, 
lead 
trim for hermetic 
devices 
(where applicable) 


Lot 10 
Mark assembly 
lot on devices 


Lead Prep/Finish 
(Solder 
Dip) 
Prepare 
leads for solder 
dip, solder 
dip devices 
and inspect 
for uniform 
solder 
coverage 


OC Process 
Monitor 
Verify workmanship 
and solder 
coverage 


Fine and Gross 
Leak Test 
Method 
1014, Cond 
A or B; fine leak (sample) 


Method 
1014, Cond 
C; gross 
leak (100%) 


External 
Visual 
Inspection 
Inspect 
for workmanship, 
construction, 
cracked 
or 
broken 
devices, 
bent leads, crazing, 
castellation 
alignment, 
and solder 
coverage. 


MIL-STD-883, 
Method 
2009 


o 
I 
ID 
Id 
Post-Bum-In Electricals 
Per applicable device specification 
··~-<> 
· 


QC Inspection 
PDA verified within limits 


Final Electrical Test 
100% test lot; static (DC), functional and switching (AC) 
tests periomed per applicable device specification 


Final Visual Inspection 
Inspect for bent leads, marking, solder coverage, etc. 


I QC LOT ACCEPTANCE] 


External Visual Sample 
Method 2009; 0.4% AQL 


Electrical Sample Test 
0.02% AQL to guarantee 200 PPM 


Inspection - Pre-Shipment 
Confirm part type, count, package, check for 
completeness of processing requirements, confirm 
supporting documentation is sent, if required 


Key 
o 
Production Process 
o 
Test/Inspection 


[Q] 
Production Process and Test Inspection 
<> 
QC Sample Gate and Inspection 


o··D·d·· 
<>-~ 
I 


• 


I 
MILITARY 
ASSEMBLY 
FLOW I 


Product Quality Assurance Flow-Components 
Military Components 


Wafer Prep/Mount/Saw 
Inspect 
for accurate 
sawing 
of scribeline 
and 
100% 
saw-through 


Die Visual 
Inspection 
Inspect 
die per MIL-STD-883, 
Method 
2010, condition 
B 


QC Visual 
Lot Acceptance 
Sample 
inspect 
die; 1.0% AQL 


Die Attach 


Attach 
per Cypress 
detailed 
specification 


Die Adherence 
Monitor 
MIL-STD-883, 
Method 
2019 or Method 
2027 


Wire Bond 
Bond 
per Cypress 
detailed 
specification 


Bond 
Pull Monitor 
MIL-STD-883, 
Method 
2011 


Internal 
Visual 
Inspection 
Low-power 
and high-power 
inspection 
per 


MIL-STD-883, 
Method 
2010, condition 
B 


QC Visual 
Lot Acceptance 
sample 
inspect 
lot per MIL-STD-883, 


Method 
2010, condition 
B, 0.4% 
AQL 


Die Coat 
Coating 
applied 
to selected 
products 


Periodic 
QC Monitor, 
Lid-Torque 
Shear strength 
of glass 


Product Quality Assurance Flow-Components 
(continued) 
Military Components 


Temperature Cycle 
Method 1010, Ccnd C. 10 cycles 


Ccnstant Acceleration 
Method 2001. Ccnd E. Y1 Orientation 


Lead Trim 
Lead trim when applicable 


Lot ID 
Mark assembly lot on devices 


Lead Finish 
Solder dip or matte tin plate applicable devices and inspect 


ac Process Monitor 
Verify workmanship and lead finish coverage 


External Visual Inspection 
Method 2009 


Pre-Burn-In Electrical Test 
Method 5004. per applicable device specification 


Burn-In 
Method 1015. condition D 


Post-Burn-In Electricals 
Method 5004. per applicable device specification 


PDA calculation 
Method 5004. 5% 


Final Electrical Test 
Method 5004; Static. functional and switching 
tests per applicable device specification 


D 


Lead Finish - Solder Dip 
Solder dip applicable devices 


Fine and Gross Leak Test 
Method 1014, condition A or B, fine leak; condition C, gross leak 


Final Device Marking 
MIL-STD-883 or applicable device specification 


Group B 
Method 5005 


Group A 
Method 5005, per applicabie device specification 


Group Cand D 
Method 5005, in accordance with 
1.2.1 of MIL-STD-883; JAN devices 
in accordance with MIL-M-38510 


External Visual 
Method 2009,100% inspection 


External Visual Sample 
Method 2009, 0.4% AQL 


Key 
o 
Production Process 
D 
TesVlnspection 
IQI 
Production Process and Test Inspection 
<) 
QC Sample Gate and Inspection 


Incoming materials 
inspection 


Product Quality Assurance 
Flow-Modules 


" 
All incoming materials are inspected to documented 
procedures covering the handling, inspection, storage, 
and release of raw materials used in the manufacture of 
Cypress products. Materials inspected are: substrates, 
active device packages, chip capacitors, lead frames, 
solder paste, inks, chemicals, etc. 


Solder Paste Depostion 
Screen printed and/or dispensed per detailed specifiction 


o· 
[QJ·o·o 
----~---(> 


Kit Picked 
Compliance verified, documented, 


and traceability established 


Clean 
Pre-assembly cleaning of components 


Component Placement 
Robotic and/or manual per detailed specification 


Solder Reflow 
Microprocessor controlled infrared reflow oven 


Data logging <>__ 
(optional) 
Clean 
Flux removal by vapor phase 
per detailed specification 


Double-Sided Assembly 
Repeat process for side 2 
o· 
[QJ·o·o 


AOL visual 
Inspect 
100% visual(> 
J_ - -_ 


Lead Trim 


Electrical Test 


(Pre-bum-in test) 


(continued) 


- --, 
Io 


1-<> 
I 
- --' 


OPTIONAL 
BURN-IN 
PROCESSING 
FOR LEVEL 
(STANDARD 
FOR MIL DEVICES) 


Burn-In 
Method 
1015 
o 


o 
Post-Bum-In 
Electricals 


Per applicable 
device 
specification 


QC Inspection 
PDA verified 
within 
limits 


Final Electrical 
Test 
100% test lot; DC, AC, functional, 
and dynamic 
tests performed 
per applicable 
device 
specification 


Final Visual 
Inspection 
Confirm 
part type, count, 
package, 
check 
for 


completeness 
of processing 
requirements, 
confirm 
supporting 
documentation 
is sent, if required 


QA electrical 
test 
(room temperature) 


Key 
o 
Production 
Process 
o 
TesVlnspection 
IQ) 
Production 
Process 
and Test Inspection 
<> 
QC sample 
gate and inspection 


,- -- 
•o 
o 


o 


Reliability 
Monitor Program 


The Reliability Monitor Program is a documented Cypress proce- 
dure that is described in Cypress specification #25-00008, which 
is available to Cypress customers upon request. This specification 
describes a procedure 
that provides for periodic reliability moni- 


tors to insure that all Cypress products comply with established 


goals for reliability improvement and to minimize reliability risks 
for Cypress customers. The Reliability Monitor 
Program is de- 


signed to monitor key products within each generic process fami- 
ly. This procedure requires that detailed failure analysis be per- 
formed on all test rejects and the corrective actions be taken as 
indicated by the analysis. A summary of the Reliability Monitor 
Program test and sampling plan is shown below. 


Test Description 
Sample 
Fre~uen- 
Duration 
Size 
cy 101 


Early Failure Rate (EFR) 


195/116(111 
150°C HTOL 
12 Hours 
Weekly 


125°C HTOL 
80 Hours 
195/116(101 
Bi-Weekly 


Latent Failure Rate (LFR) 
195/116[101 
150°CHTOL 
2000 Hours 
Monthly 


125°CHTOL 
3000 Hours 
195/116[101 
Monthly 


High Temperature 
Steady State Life (HTSSL) 


150°C HTOL 
168 Hours 
116 
Weekly 


150°C HTOL (I lot/quarter 
extended) 
1000 Hours 
116 
Quarterly 


Plastic Package Data Retention 
(DRET) PROM/PLD 


165°C Bake 
1000 Hours 
45 
Weekly 


Hermetic Package Data Retention 
(DRET) PROM/PLD 


250°C Bake 
1000 Hours 
45 
Bi-Weekly 


Pressure Cooker (PCT) 


121°C/lOO% R. H. 
288 Hours 
45 
Weekly 


High-Acceleration 
Saturation (HAST) 


Biased 121°C/85% R. H. 
200 Hours 
45 
Monthly 


Temperature 
Cycle (T/C) 


- 65°C to + 150°C 
100 Cycles 
45 
Weekly 


- 65°C to + 150°C (1 lot/quarter 
extended) 
1000 Cycles 
45 
Quarterly 


Notes: 
10. Maximum period between samples is listed. More frequent sampling 


may occur. 


11. 116 units for PROM/PLD. 


CYPRESS ~~~~~~~~~~~~~ 
SEMICONDUCTOR 


Tape and Reel Specifications 


Surface-mounted 
devices are packaged 
in embossed 
tape and 
wound onto reels for shipment in compliance with Electronics In- 
dustries Association Standard EIA-4S1 Rev. A. 


Specifications 


Cover Tape 


• 
The cover tape may not extend past the edge of the carrier tapes 
• 
The cover tape shall not cover any part of any sprocket hole. 
• 
The seal of the cover tape to the carrier tape is uniform, with 
the seal extending over 100% of the length of each pocket, on 
each side. 


[[]][[]][[]] 


• 
The force to peel back the cover tape from the carrier tape shall 
be: 20 gms mmimal, 70gms nominal, 100gms maximal, at a pull- 
back speed of 300 ± 10 mm/min. 


Loading the Reel 


Empty pockets between the first and last filled pockets on the tape 
are permitted within the following requirements: 


• 
No two consecutive pockets may be left empty 


• 
No more than a total often (10) empty pockets may be on a reel 


The surface-mount 
devices are placed in the carrier tape with the 


leads down, as shown in Figure 1. 


The carrier tape and the cover tape may not be spliced. Both tapes 
must be one single uninterrupted 
picce from end to end. 


I30th ends of the tape must have empty pockets meeting the fol- 
lowing minimum requirements: 


• 
Trailer end (inside hub of reel) is 300 mm minimum 
• 
Leader end (outside of reel) is 500 mm min., 560 mm max. 
• 
Unfilled leader and trailer pockets are sealed 
• 
Leaden; and trailen; are taped to tape and hub respectively us- 
ing masking tape 


Packaging 


• 
Full reels contain a standard number of units (refer to Table 1) 
• 
Reels may contain up to 3 inspection lots. 
• 
Each reel ispacked in an anti-static bag and then in its own indi- 
vidual box. 


• 
Labels are placed on each reel as shown in Figure 2. The infor- 
mation on the label consists of a minimum of the following in- 
formation, which complies with EIA 556, "Shipping and Re- 
ceiving Transaction Bar Code Label Standard": 
- 
Barcoded Information: 
Customer PO number 
Quantity 
Date code 


- 
Human Readable Only: 
Package count (number of reels per order) 
Description 
"Cypress-San 
Jose" 


Cypress pIn 
Cypress CS number (if applicable) 
Customcr pIn 
• 
Each box will contain an identical label plus an ESD warning 
label. 


Ordering Information 


CY7Cxxx-yyzzz 


xxx = part type 


yy = speed 


zzz = package, temperature, 
and options 


SCT = soic, commercial temperature 
range 
SIT = soic, inductrial temperature 
range 
SCR = soic, commercial temperature 
plus burn-in 
SIR = soic, industrial temperature 
plus burn-in 
vcr = soj, commercial temperature 
range 
VIT = soj, industrial temperature 
range 
VCR = soj, commercial temperature 
plus burn-in 
VIR = soj, industrial temperature 
plus burn-in 
JCT = pIce, commercial tcmperature 
range 
JIT = pIce, industrial temperature 
range 
JCR = pIce, commercial temperature 
range plus burn-in 
JIR = pIce, industrial temperature 
range plus burn-in 


Notes: 
1. The T or R suffix will not be marked on the device. Units will 
be marked the same as parts in a tube. 
2. 
Order releases must be in full-reel multiples as listed in Table 1. 


Package lYpe 
Terminals 
Carrier 
Width (mm) 
Pocket Pitch 
Parts Per Meter 
Parts Per FuII Reel 


PLeC 
18 
24 
3 
83.3 
750 


20 
16 
3 
83.3 
750 


28(S) 
24 
4 
62.5 
500 


44 
32 
6 
41.6 
400 


52 
32 
6 
41.6 
400 


68 
44 
8 
31.2 
350 


84 
44 
8 
31.2 
350 


SOlC 
20 
24 
3 
83.3 
1,000 


24 
24 
3 
83.3 
1,000 


28 
24 
3 
83.3 
1,000 


SOJ 
20 
24 
3 
83.3 
1,000 
24 
24 
3 
83.3 
1,000 


28 
24 
3 
83.3 
1,000 


PQFP 
84 
32 
8 
31.2 
500 


100 
44 
9 
27.7 
400 
132 
44 
9 
27.7 
350 
164 
56 
11 
22.7 
200 


196 
56 
11 
22.7 
200 • 
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CYPRESS 
SEMICONDUCTOR 


Thermal Management and 
Component Reliability 


One of the key variables determining 
the long-term reliability of 


an integrated circuit is the junction temperature 
of the device dur- 
ing operation. Long-term reliability of the semiconductor chip de- 
grades proportionally 
with increasing temperatures 
following an 


exponential function described by the Arrhenius equation of the 
kinetics of chemical reactions. The slope of the logarithmic plots 


~ 
10' 
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CD 
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UJ 
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> 
~ 
UJa: 


102 


is given by the activation energy of the failure mechanisms causing 
thermally activated wear out of the device (see Figure 1.). 


Typical activation energies for commonly observed failure mecha- 
nisms in CMOS devices are shown in Table 1. 
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Figure 1. Arrhenius 
plot, whil;' assumes a failure rate proportional 
to EXP (-EAlkT) 
where EA is the activation 
energy for the particular 
failure mechanism 
• 


Table 1. Failure Mechanisms 
and 


Activation Energies in CMOS Devices 


Approximate 


Failure Mode 
Activation Energy (Eq) 


Oxide Defects 
0.3 eV 


Silicon Defects 
0.3 eV 


Electromigration 
0.6eV 


Contact Metallurgy 
0.geV 
, 


Surface Charge 
0.5-1.0 
eV 


Slow Trapping 
1.0 eV 


Plastic Chemistry 
1.0 eV 


Polarization 
1.0eV 


Microcracks 
1.3 eV 


Contamination 
1.4eV 


To reduce thermally activated reliability failures, Cypress Semi- 
conductor has optimized both their low-power generating CMOS 
device fabrication process and their high heat dissipation packag- 
ing capabilities. Table 2 demonstrates 
this optimized thermal per- 


formance by comparing bipolar, NMOS, and Cypress high-speed 
lK SRAM CMOS devices in their respective plastic packaging en- 
vironments under standard operating conditions 


Table 2. Thermal Performance 
of Fast lK SRAMs 
in Plastic Packages 


Cypress 
Technology 
Bipolar 
NMOS 
CMOS 


Device Number 
93422 
9122 
7C122 


Speed (ns) 
30 
25 
25 
lcc (mA) 
150 
110 
60 


Vcc (V) 
5.0 
5.0 
5.0 


PMAX(mW) 
750 
550 
300 


Package RTH (JA) (OC/W) 
120 
120 
70 


Junction Temperature 
(0C) 
160 
136 
91 


at Data Sheet PMAXIIJ 


Notes: 
1. 
Tambient = 70°C 


During its normal operation, 
the Cypress 7C122 device experi- 


ences a 91°c junction temperature, 
whereas competitive devices 
in their respective packaging environments 
see a 45°C and 69°C 
higher junction temperature. 
In terms of relative reliability life ex- 


pectancy, assuming a 1.0eV activation energy failure mechanism, 
this translates into an improvement in excess of two orders of mag- 
nitude (100x)over the bipolar 93422 device and more than one or- 
der of magnitude (3Ox)over the NMOS 9122 device. 


Thermal 
Performance 
Data of Cypress Component 


Packages 


The thermal performance of a semiconductor device in its package 
is determined by many factors, including package design and con- 
struction, packaging materials, chip size, chip thickness, chip at- 
tachment process and materials, package size, etc. 


Thermal Resistance (alA, alC) 


Thermal resistance is a measure of the ability of a package to trans- 
fer the heat generated by the device inside it to the ambient. 


For a packaged semiconductor 
device, heat generated 
near the 


junction of the powered chip causes the junction temperature 
to 


rise above the ambient temperature. 
The total thermal resistance 


is defined as 


aJA~ 
TJ-TA 


P 
and aJA physically represents the temperature 
differential betwccn 


the die junction and the surrounding ambient at a power dissipa- 
tion of 1 watt. 


The junction temperature 
is given by the equation 


TJ -Tc 
P 


TA 
Ambient 
temperature 
at which the device is operated; 


Most common standard temperature 
of operation equals 
70°C 


TJ 
Junction temperature 
of the IC chip 


Tc 
Temperature 
of the case (package) 


P 
Power at which the device operates 


aJC = Junction-to-case 
thermal resistance. This is mainly a func- 


tion of the thermal properties of the materials constituting 
the package. 


aJA = Junction-te-ambient 
thermal resistance 


aCA = Case-te-ambient 
thermal resistance. This is mainly depen- 


dent on the surface area available for convection and radi- 
ation and the ambient conditions 
among other factors. 


This can be controlled at the user end by using heat sinks 
providing greater surface area and better conduction path 
or by air or liquid cooling. 


The junction-te-ambient 
environment 
is a still-air environment 


where the device is inserted into a low-cost standard device socket 
and mounted on a standard .062" GIO PC board. For junction-to- 
case measurements, 
the same assembly is immersed into a con- 
stant temperature 
liquid reservoir approaching infinitc heat sink- 
ing for the heat dissipated from the package surface. 


The thermal resistance values of Cypress standard packages are 
graphically illustrated in Figures 2 through 5. Each envelope repre- 
sents a spread of typical Cypress integrated circuit chip sizes (upper 
boundary = 5000 Mils', lower boundary = 30,000 Mils') in their 
thermally optimized packaging environment. 


These thermal characteristics were measured using the TSP (Tem- 
perature Sensitive Parameter) test method described in MILSTD 
883C, Method 1012.1. A thermal silicon test chip, containing a 25il 
diffused resistor to heat the chip and a calibrated TSP diode to 
measure the junction temperature, 
is used for all characterizations. 
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Figure 4. Thermal Resistance 
of Cypress Hermetic Chip 
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Cavity/PAD 
aJC (OC/W)[2,31 
aJA (OC/W) 


Package 
Size (mils) 
Measured 
Simulation 
0/0 DitT. 
Measured 
Simulation 
0/0 DitT. 


24LCDIP[4] 
170 x 270 
14 
7 
100 
64 
67 
5 


24LPDIp(5) 
160 x 210 
22 
28 
21 
72 
82 
12 


Notes: 
2. a3C measurements 
were taken in a fluid bath. 
3. alC evaluation 
by simulation 
used a Heat-sink 
configuration. 
4. 
245LCDIP 
= 24 lead CerDIP 


5. 
245LPDIP 
= 24 lead Plastic DIP 


alC and alA values given in the following tables have been obtained 
by simulation using the Finite element software ANSYS[6J.SDRC- 
ID EAS Pre and Post processor software was used to create the fi- 
nite element model of the packages and the ANSYS input data re- 
quired for analysis. 


SEMI Standard (Semiconductor 
Equipment 
and Materials Inter- 


national) method SEMI G30-88 states "heat sink" mounting tech- 
nique to be the "reference" method for alC estimation of ceramic 
packages. Accordingly, alC of packages has been obtained by ap- 
plying the boundary conditions that correspond 
to the heat sink 


mounted on the packages in the simulation. 


For 
alA evaluation, 
SEMI standard 
specification 
SEMI G38-87 


suggests using a package-mounting 
arrangement 
that approxi- 


mates the application environment. So, in evaluating the alA, pack- 
age on-board configuration 
is assumed. 


• 
One quarter of the package mounted on a FR-4 PC board. 
• 
Leads have been modeled as a continuous metallic plane, 
and equivalent thermal properties have been used to account 
for the plastic (or the glass tn the case of ceramic packages) 
that fills the space between the leads. 
• 
1W power dissipation over the entire chip is assumed. 


• 
70°C ambient condition is considered. 


In the case of ceramic packages, it is not unusual to see significant 
differences in alC values when a heat sink is used in the place of 
fluid bath.P1 However, SEMI G30-88 test method recommends the 
heat sink configuration 
for alC evaluation. 


alA values from simulation compare within 12percent of the mea- 
sured values. alA values obtained from simulation seem to be con- 
servative with an accuracy of about + 12 percent. 


6. 
ANSYS 
Finite Element Software User Guides 


SDRC-IDEAS 
Pre and Post Processor User Guide 


SEMllntemational 
Standards, 
Vol. 4, Packaging Handbook, 
1989. 


7. 
"Thermal resistance measurements 
and finite calculations for 


ceramic hermetic 
packages." James N. Sweet et.aI., SEMI- 


Therm, 
1990. 


Thermal Resistance of Packages with Forced 
Convection Air Flow 


One of the methods adopted to cool the packages on PC boards 
at the system level is to used forced air (fans) specified in linear feet 
per minute or LFM. This helps reduce the device operating tem- 
perature by lowering the case to ambient thermal resistance. Avail- 
able surface area of the package and the orientation of the package 
with respect to the air flow affect the reduction of thermal resis- 
tance that can be achieved. A general rule of thu mb is: 


• 
For plastic packages: 
- 
200 LFM air flow can reduce 
alA by 20 to 25% 


- 
500 LFM air flow can reduce 
alA by 30 to 40% 


• 
For ceramic packages: 
- 
200 LFM air flow can reduce 
alA by 25 to 30% 


- 
500 LFM air flow can reduce 
alA by 35 to 45% 


If alA for a package in still air (no air flow) is known, approximate 
values of thermal resistance at 200 LFM and 500 LFM can be esti- 
mated. For estimation, the factors given in Table 4 can be used as 
a guideline. 


Air Flow Rate 
Multiplication 


Package Type 
(LFM) 
Factor 


Plastic 
200 
0.77 


Plastic 
500 
0.66 


Ceramic 
200 
0.72 


Ceramic 
500 
0.60 


Example: 
aJA for a plastic 
package 
in still air is given 
to be 80° 
C/W 
Using 
the 
multiplication 
factor 
from 
Table 4; 
• aJA at 200 LFM 
is (80 x 0.77) 
= 61.6° 
C/W 
• aJA at 500 LFM 
is (80 x 0.66) 
= 52.8° 
C/W 


aJA for a ceramic 
package 
in still air is given to be 700C/W 
Using 


Table 4; 
• aJA at 200 LFM 
is (70 x 0.72) = 50.4° 
C/W 
• aJA at 500 LFM 
is (70x0.6O) = 42.0° 
C/W 


The 
following 
tables 
present 
the data 
taken 
using 
the aforemen- 
tioned 
procedures. 


The 
letter 
in the header 
(D, P, J, etc.) refer to the package 
designa- 
tors 
as detailed 
in the 
Package 
Diagrams 
section 
of this catalog. 


The 
numeric 
values 
given 
in the table 
(e.g., 20.3) refer 
to the lead 


count 
(20) and package 
width 
in inches 
(.3). If no decimal 
appears, 


then 
the reader 
must 
refer 
to the package 
diagrams. 


Package 
'JYpe 
Pad 
Size 
Die Size 
Die Area 
aJC 
aJA 


"p" 
(mil) 
LF Material 
(mil) 
(sq. 
mil) 
(OC/W) 
(OC/W 
still 
air) 


16.3 
110 x 140 
Copper 
59 x 70 
4,130 
56 
130 


20.3 
150 x 190 
Copper 
145 x 120 
17,400 
36 
97 


22.3 
160 x 210 
Copper 
54 x 113 
6,102 
41 
92 


24.3 
160 x 210 
Copper 
145 x 120 
17,400 
28 
82 


24.3 
160 x 500 
Copper 
145 x 213 
30,885 
26 
78 


28.3 
160 x 286 
Copper 
145 x 213 
30,885 
26 
74 


28.3 
160 x 500 
Copper 
145 x 213 
30,885 
24 
70 


22.4 
140 x 170 
Copper 
54 x 113 
6,102 
42 
90 


24.6 
180 x 210 
Copper 
145 x 120 
17,400 
24 
60 


24.6 
220 x 240 
Copper 
145 x 213 
30,885 
23 
58 


40.6 
180 x 180 
Copper 
100 x 118 
11,800 
31 
57 


48.6 
250 x 250 
Copper 
172 x 213 
36,636 
20 
42 


Package 
l)'pe 
Pad 
Size 
Die Size 
Die Area 
aJC 
aJA 
"S" and "V" 
(mil) 
LF Material 
(mil) 
(sq. 
mil) 
(OC/W) 
(OC/W 
still 
air) 


16 
140 x 170 
Copper 
98x84 
8,232 
19.0 
120 


18 
140 x 170 
Copper 
98 x 84 
8,232 
18.0 
116 


20 
180 x 250 
Copper 
145 x 213 
30,885 
17.0 
105 


24 
180 x 250 
Copper 
145 x 213 
30,885 
15.4 
88 


24 
170 x 500 
Copper 
141 x 459 
64,719 
14.9 
85 


28 
170 x 500 
Copper 
145 x 213 
30,885 
16.7 
84 


28 
170 x 500 
Copper 
141 x 459 
64,719 
14.4 
80 


Noles: 
8. 
The data in Table 6 was simulated 
for sOle 
packaging. 


9. 
SOICs and SOJs have very similar thermal 
resistance characteristics. 
The thermal resistance values given above apply to SOJ packages also. 
• 


Package Type 
Pad Size 
Die Size 
Die Area 
ejC 
eJA 
"J" 
(mil) 
LF Material 
(mil) 
(sq. mil) 
(oC/W) 
(oC/W still air) 


28 
200 x 256 
Copper 
145 x 213 
30,885 
28 
80 


32 
200 x 356 
Copper 
145 x 213 
30,885 
26 
76 


44 
360 x 430 
Copper 
292 x 350 
102,200 
16 
60 


52 
310 x 310 
Copper 
269 x 244 
65,636 
20 
52 


68 
360 x 360 
Copper 
324 x 318 
103,032 
15 
40 


84 
425 x 425 
Copper 
335 x 384 
128,640 
14 
35 


Package Type 
Pad Size 
Die Size 
ejC 
eJA 
"M" 
LF Material 
(mil) 
(mil) 
(OC/W) 
(oC/W still air) 


100 
Alloy 
42 
310 x 310 
235 x 235 
20 
78 


144 
Alloy 
42 
310 x 310 
235 x 235 
22 
69 


160 
Alloy 
42 
310 x 310 
230 x 230 
22 
68 


208 
Alloy 
42 
400 x 400 
290 x 320 
20 
60 


Package Type 
Cavity Size 
Die Size 
Die Area 
ejC 
eJA 


"D" and "W" 
(mil) 
LF Material 
(mil) 
(sq. mil) 
(OC/W) 
(OC/W still air) 


16.3 
160 x 120 
Alloy 
42 
60 x 70 
4200 
12 
96 


18.3 
260 x 140 
Alloy 
42 
162 x 123 
19,926 
10 
86 


20.3 
170 x 290 
Alloy 
42 
145 x 213 
30,885 
7 
83 


24.3 
180 x 210 
Alloy 
42 
145 x 120 
17,400 
8 
69 


24.3 
270 x 170 
Alloy 
42 
145 x 213 
30,885 
7 
67 


22.4 
180 x 210 
Alloy 
42 
145 x 120 
17,400 
6 
63 


28.4 
260 x 260 
Alloy 
42 
150 x 180 
27,000 
6 
43 


28.6 
260 x 260 
Alloy 
42 
145 x 213 
30,885 
5 
39 


28.6 
290 x 560 
Alloy 
42 
145 x 213 
30,885 
4 
39 


40.6 
260 x 270 
Alloy 
42 
145 x 213 
30,885 
5 
35 


48.6 
260 x 340 
Alloy 
42 
145 x 213 
30,885 
5 
30 


Package Type 
Cavity Size 
Die Size 
Die Area 
ejC 
eJA 
"U" and "Y" 
(mil) 
LF Material 
(mil) 
(sq. mil) 
(OC/W) 
(OC/W still air) 


28"H" 
250 x 250 
Alloy 
42 
123 x 162 
19,926 
9.2 
96 


28 "Y" 
250 x 250 
Alloy 
42 
150 x 180 
27,000 
8.9 
93 


44 
400 x 400 
Alloy 
42 
310 x 250 
77,500 
5.9 
55 


68 
400 x 400 
Alloy 
42 
310 x 250 
77,500 
5.4 
33 


84 
450 x 450 
Alloy 
42 
310 x 250 
77,500 
5.4 
29 


Package 'JYpe 
Cavity Size 
Die Size 
Die Area 
eJC 
eJA 


"C' 
(mil) 
LF Material 
(mil) 
(sq. mil) 
(OC/W) 
(OC/W still air) 


285(10] 
250 x 250 
Alloy 42 
123 x 162 
19,926 
11 
87 


28S 
250 x 250 
Alloy 42 
150 x 180 
27,000 
20 
84 


28R[Il] 
185 x 185 
Alloy 42 
145 x 120 
17,400 
9 
88 


44R 
430 x 430 
Alloy 42 
292 x 350 
102,200 
6 
64 


525 
330 x 330 
Alloy 42 
244 x 269 
65,636 
4 
47 


68S 
300 x 300 
Alloy 42 
244 x 269 
65,636 
4 
38 


Noles: 
10. 28S refers to a 28-pin square leadless chip carrier. 
11. 28R refers to a 28-pin rectangular 
leadless chip carrier. 


Cavity Size 
Leadframe 
Die Size 
Die Area 
eJC 
eJA 
Package 'JYpe 
(mil) 
Material 
(mil) 
(sq. mil) 
(OC/W) 
(OC/W still air) 


24 VDIP(l21 
500 x 275 
Alloy 42 
145 x 213 
30,885 
6 
57 


28 Cerpakl13] 
210 x 210 
Alloy 42 
150 x 180 
27,000 
9 
98 


68 CPGA(l41 
350 x 350 
Kovar Pins 
323 x 273 
88,179 
3 
28 


Notes: 
12. VDIP = "PV" package. 
13. Cerpack 
= "K" package. 


14. CPGA = "G" package. 


Packaging Materials 


Cypress plastic packages incorporate: 


• 
High thermal conductivity copper lead frame 
• 
Molding compound with high thermal conductivity 
• 
Silver-filled conductive epoxy as die attach material 
• 
Gold bond wires 


Cypress cerDIP packages incorporate: 


• 
High conductivity alumina substrates 
• 
Silver-filled glass as die attach material 
• 
Alloy 42 lead frame 
• 
Aluminum bond wires 


CYPRESS 
SEMICONDUCTOR 


Package Diagrams 


Cypress offers a variety of packages In both square and tapered 
leads. Detailed 
examples of both 


types of leads are shown below. 


Square Leads 
Tapered Leads 


Packages that offer both of these lead types are annotated 
below each of the package drawings. 
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I. 
:J 


110~ 
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0.089 
0.108 


0.079 
0.096 


0.058 
0.073 
T 
0.350 
0.450 
--L 
T 
l 
I 
0.350 
0.450 
--L 


II 
0.009 


--'10.012 


0.885 


0.915 


0.750 8se 


0.350 
0.350 


0.450 
0.450 


r- 


85 
0.750 
EJ 


15 
8se 
0.535 
LL 


REF 


I.' 
f:J 


t 


ID~ 
PIN 
1 


0.050 
sse 
~T 
0.8 
0:9 


j 


0.990 
1J)i(j 
r- 


0 


. 
59'1 
I 
0.613 


$0000000$ 
$000000000$ 


00IrCJ001 
00D 00 
0.990 
00 D 
00 
1.0'0 
00 
00 
0.59' 
00 
00 
0.613 
00 
00 
I 
00 
00----.i 


$000000000$ 
$0000·00$ 


DU.4ENSIONS 
IN INCHES 
"'" 
WAX 


SEATING 
PLANE 


0.040 
0.060 


1 


--l~ 
-,0.020 
r---J 


J 
1.089 
I 
I---GIi- 
LO.175 
0.185 


__I 0.050 
--I 
OIA.-TYP. 


0.350 
0.450 
~ 
T 


I 
0.350 
0.450 
--L 


II 
0.009 
--11-- 0.012 


0.070 
0.090 


0.060 
0.078 


0.030 
0.045 


1.780 
_ 
~ 


1.752 
• 


1.615 
• 
0.085 
1.585 
~85 


000000000000000 
00000000000000000 
00000000000000000 
00000000000000000 
0000 
0000 


0000D0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
~:~~; 
0000 
0000 
0000 
0000 
0000 
0000 
00000000000000000 
00000000000000000 
00000000000000000 
~00'000000000000 .J 


0.145 


_-.1 


0.100 
-t 
--t 207 X 0.018 


~EM~NDUCTOR 
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28-Pin Windowed Leaded Chip Carrier H64 


RIGHT SIDE 
VIEW 


~ ::::,,::JI 


g::~~ 
SQ.=-:j 


SEE~ 
,- 


DETAIL "P" 
'.;' 


0.035 x 45° 
J1r 


0.008 
I 
TII 


~p= 
_~ICONDUcrOR 
Package Diagrams 


44·Pin Windowed Leaded Chip Carrier H67 


(MIL-M-38510 
C-Jl) 


SEE~ 
,- 


DETAIL "p" 
\,,;' 


0.035 x 45° 
J1r 


0.008 
I 
TII 


E 


I 


~:~~~ 
SQ. 
L..JL..J 
.J I 


~:~~; 
SQ.==.j 


68·Pin Windowed Leaded Chip Carrier H81 


(MIL-'1-38510 
C-J2) 


SEE 


DETAIL 
"p,,~: 


0.035 x 45° 
J1r 


0.008 
I 
TlI 


IL 
DDDDDD~~ 
SO 3 


1 


0.958 
. 
----------- 
g:::; SO. 


~ 
CYPfIESS 
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"nEMlCONDUCTOR 
==========================================================================-_ 


DIMENSIONS 
IN INCHES 
~ 
MAX. 
otIJ 


0.395 I 
~ 


j 


0.350 
0.356 


~ 


0.350 
~ 
0.356 


0.385 


0.395 


I 
~----.1 
0.110 
10.065 0.140 
0.095 


1-11.-0013 
I [I 
I 


0.021 
0.390 ----I 
0.015 "IN. 
0.430 


DIMENSIONS 
IN 
INCHES 


IoIIN. 


t.4AX. 


PIN 1 


oLrd 


0 ..•951 
~ 


- 
I 
lJ 
0090~O.020 
"'N. 


0.120 
0.165 
0.180 


~ 
Package Diagrams 
_'-;-~DUcroR 
_ 


DI~ENSIONS IN INCHES 
~ 
~AX. 


DI~ENSIONS IN INCHES 
~ 
~AX. 


0.690 
0.730 
J 


5J7~NDUcrOR 
Package Diagrams 


~t 
0.013 
0.021 


__0_0_0_0_0__0_0_0_0__ J11 
1.150 
, 


G58 


1.165 
G95 
~ 


I 
} 


0.020 ~IN. 


0.090 


--- 
0.130 


0.165 
0.200 


-----.i 


LO.005~IN. 


0.045 
0.055 


0.005~ 


00'5 
I § 


0.368 
0.420 


~ 


L 
0.005~IN. 


0.045 
0.055 


0.480 
0.520 


~ 
---, 


I 
I 6:66: 


0.055;:::::==:.J>-------..~ i I 
0.085 
~'---------1t=:::! 
L 
I 
1------0-.-24-6-j--- ---L- L 0.026 SEATING 
0.280 
0.040 
PLANE 


0.250 
0.350 


---, 


I 
;-_____________ 
I 6:66: 
0.045~ 
I.--. i I 
009~i===1': 
t==:::1:c 
~ 
0.250 ~,---0-.-25-0--- 
I 0.250 I L 0.026 SEATING 


0.350 
I--- 
0.300 ------l 
0.350 I-- 
0.040 
PLANE 


LO.005MIN. 


0.045 
0.055 


0.480 
0.520 


~ 
---, 


0;60 ;:::==.J::::::::::::::::::::::::::::::~ 
£g:gg~ 
O.09~1==1- 
---~t:::::j:c 
':.i 0.250 
1-----0.250 
I 0.250 LL 0.026 SEATING 


0.350 
0.300 -l 
0.350 
0.040 PLANE 


-----i 


L 
0.005 MIN. 


0.045 
0.055 


0.;60 ;::::=.J;::::::::::::::::::::::::::::::~ 
£ggg~ 


0.090 t==1~------~t:::::j 
:c 
1'-10.260 1--------0-.'-6-0----I 0.260 L L 
0.026 SEATING 
-J 
0.325 
0.400 ---l 
0.325 
~ 
0.040 
PLANE 


---, 
0';'5 ;::::=.J::::::::::::::::::::::::::::~-t.g:gg~ 
O.09~1===1- 
---~t:::::j:c 
':.i 
0.250 -1--------0-.-'.-0------1--- 
0.250 LL 0.026 
SEATING 


0.370 
0.380 
0.370 
0.040 
PLANE 


32 x 0.02211 


0.026 
I 
li 
~~25 
X 45° 


+-J:EX 
CORNER 


0.075 
0.095 


I 


0.442 
0.458 


+ 


0.74 
0.75 


DIMENSIONS IN INCHES 


MIN. 
MAX. 


0. 


0601 
0.090 


0.050 
0.070 


~ 
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20-Pin Rectangular Leadless Chip Carrier L51 


(MIL-M-38510 
C-13) 


i'1'~==0=.2.=0=::;;.1 
I-r 
0,300 


OOOBA 
18PLCS 
DIMENSIONS 
IN INCHES 
MIN 


MAX 


I 
0.045 
-.-i 0.055 


16 PLCS 
1,,- 


I 


0.080 


-- 
0.075 
n 
0.420 


c-.,._~; 


0.300 


-I 


I 
C0284~1- 


0.296 


DIMENSIONS 
IN INCHES 


MIN 


MAX 


1 


__ 
0,050 


0066 


DIMENSIONS 
IN INCHES 


MIN. 
MAX. 


~0.292 
--J 
0.308 


0.392 
0.408 


j 


~O.050 
0.063 


DIMENSIONS IN INCHES 


MIN. 
MAX. 


j l 


5it~DUCTOR 
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28-Pin Rectangular Leadless Chip Carrier L54 


(t.4IL-t.4-38510 
C-l1 
A) 
32-Pin Rectangular Leadless Chip Carrier L55 


(t.4IL-t.4-38510 
C-12) 


OIt.4ENSIONSIN INCHES 


t.4IN. 
t.4AX. 


DIt.4ENSIONS IN INCHES 


t.4IN. 
t.4AX. 


<i 
1 r 0.060 
1 
r- 0.064 
0.075 
0.090 
n 


TOP 
SIDE 
TOP 
SIDE 


0.542 
0.5-40 
0.558 
0.560 


~0.342~ 
--J 
~0.054 
c,.,'::jJ 
--1 
I.-- 0.050 
0.063 


0.358 
0.-458 
0.080 


20-Pin Square Leadless Chip Carrier L61 
24-Pin Square Leadless Chip Carrier L63 


(t.4IL-t.4-38510 
C-2A) 


DIt.4ENSIONS IN INCHES 


0.045 I 
t.4IN. 


0.0-45 


<i 
t.4AX. 
0.055 


0.055 
~ 
--i 0.Q15 


.-1 0.022 
,0.025 
t 
0.028 


[0.008 
R 


ct. 


ct. 
1 
r- 0.060 
1 r 


O 
. 
06O 
0.100 
20 
PLACES 
0.075 
01 
'''01I'" 


TOP 
SIDE 


0.358 


~"",~J 
-I 
~0.054 
Co.395::J- 
-I 
~ 
0.050 
0.066 
0.358 
0.• 10 
0.088• 


Ofl 
~ 
0.458 


~~-~ 0.458 


44-Pin Square Leadless Chip Carrier L67 


("'IL-"'-385'0 
C-5) 


OI"'ENSIONS 
IN INCHES 


"'IN. 
"'AX. 


OI"'ENSIONS 
IN INCHES 


"'IN. 
"'AX. 


1 
r-- 0.06" 
0.100 
n 


TOP 
SIDE: 


0.640 
0.660 


-I 
1--0054 


0.088 


48-Pin Square Leadless Chip Carrier L68 


--Io.o66~1 


078 


~~~: 


I 


I 
-----,------ 


I 


I 


r 0.085 
:t .008 


rO.28X450 
REf. 


"- 
0.0075 
R 
REf. 
S 
~ 
(48 PLes.) 
0.040' 
.003 
0.020' 
.003j l 
I "'- 0.0075 R REf. 


0.440:t: .005 
(3 CORNERS) 


0.560 
SO.:t: .005 


I 


I 
-_._----- 


I 


I 


BOTTOtr.4 


I 


0.7,(0 


~r086 
~ 
0.761 
Q.Ti5O 


0.072_1 


n 


0.088 
I 


I 


I 
0.740 
0.761 
--.----- 
l 


I 


I 


~ 
SIDE 


5Ji~DUcrOR 


68·Pin Square Leadless Chip Carrier L81 


(MIL-M-38510 
c-7) 
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DIMENSIONS IN INCHES 


MIN. 
MAX. 


~O.072 
0.088 


5n 
... 


. 
CYPRESS 
.. , 
SEMICONDUCTOR 
Package Diagrams 


--.i 
L 0.300 
(0.012) 


TYP. 
--.l 
--C 0.650 (0.0256) 


TYP. 


0.127%0.02 
l 
(0.005:1: 0.001) 


!oUN. 
~ 
~r-----------~f 
I 
/SEATINGPLANE 


~ 
3.99 
~----i. 
~ 
(0.157) 


tolIN.C.OSO 
r--l~ 


w:x. 0.500 
0.8ootO.15 
= 
(O.031:tO.006) 


--.i 
L 0.2"0 (0.009) 


TYP. 


--.l 
--C 0.500 
(0.0197) 


TYP. 


0.ot5 
0.035 - 


014°l-~ 
'tO~~~ 


0190 
_ 


-- 
~ 
II 
0015 


0115 
I 
0060 


0i60' 
~- 
---+-- 


- 
- 
0055 
0.015 


o 090 
0065 
0 020 


0110 


DO'-T 
DIMENSIONS 
ININCHES 


~ 
MIN 
--.:..r0 
MAX 


I 


~ 


SEA"NG 


0,030 -----1 
_ _ 
PLAN[ 


I 
097Z0 


70 


~:~~ rr-"-E'!j 
r- 
--'040 
=t j 
r0 


J25.,1 


~::Em~~~3.MIN 


--I 
I-- 
0055 
'JII- 
0060 
' 
I 
~ 
[-' 
0065 J 
0015 
l--0Jl0 


o 160 
0 090 
002i5 
0385- 


0110 


[::J' 
-- 
I 


Ot'.a 
Un!; 


-- 
. 


0030 
-l 
_ 
Sf OlIIPloG Pl.'''''~ 


0060 
0810 
0110 
0180 


0920 
0140 
OJ~ 


01"1 WV::ww' 


I 
~ 
0190 
__ 
, 


I 
f' 
000';1 


_ 
' 
I 
0015 
0012 


0115 
0060 
0)10 


0160 
-.1 r- 
~05~ 
:o~ 
038~ 


0090 
0065 
0020 
OliO 


PIN 
1 


C-- 
DIMENSIONS 
IN 
INCHES 


__ 
~ 
:::'x 


rWJ 


-:-'':~O~: rJi~j~::~~:EATlN;;~A~ 


0155 
== 


0200 
._ 


1= J ~ 
0015 
~~~ 
0125 
I 
! 
iI 
0060 
\..-- 
~~ 
----{ 
~ -.l ~ 
0.055 
----j~ 
0.485 


0.090 
0.065 
0.020 
0.110 


oo 


---r 
D'MENS'O~,~'N'NCHES 


0250 
MAX 
0.270 


____ 
.1- 


NOTE 8--1 


I- 
NOTE 
A 
Q·l?O 


0.140~~~~0 
0190 
.-J.J 


0.115 
I I 


0160_L 
' 
I 
III 
[0015 


. 
0055jt 
0060 
0.065 
0090 
0,015 


0110 
0,020 


1.170 


1.200 


1.230 
P13A 
1.260 


0.030 


0.050 


0.060 
P13A 
0.080 


00 


/"1' -"~::.~'" 


0530 
MAX 


0550 


_1 


0060 §:4- Sl:ATlNGf'lANE 


[ 


.1230°060=_o-"" 
rr=-~;: ~ 
1.260 
0160 
:;~tW?~]J ~=-===l 
~ 
I 
I 
I ~- 
. --~ 
'I~ 
,oM," 


0160 
I 
I 
0012 
~~ 


0055 jl 
001SL 
I 
0065--+ 
~ 
0060 
0610 
j 


0090 
f-- - ~-~~~ 
0685 


0110 


00'"i' ",,"~",,,,.",, 
_1 ~~: 


SEATING 
PLANE 


0070-J 


~ 
0090 
~ rr=~.~~~~ 
r== 1 480 
0 l~O 
---, 
I 
~"'lwWJJ~ 
= 
I 


~::: 
] 
I 
I ~. 
~ 
JI~'OM'N 
0160 
'I 
0012 
~ 


I 
0055 
II 
""I 
I 
-l 
-I 
0065-, 
0060~0610----1 


0090 
~~~~;~ 
06B5 
. 


OliO 


~p= 
.nMICONDUcrOR 


I 


P1Nl 


00 


1 O'MENS'OE~:'N'NCHES 


0,530 
0.550 


0065_; 1~44SEATINGPLANE 


2.0400.085 
. 
r.= 0..570 
r---~0.140 
06251 
DWl?20~:1l nt: =-:1 
~ 
J~~rr--- 
_CO.OO' 
-1~30MIN 
.------ 
0.015 
0.012 
~ 


I 
,-I ~_ 
---Ih 0060 LO.610 
I 
0,090 
Q.045 
0-015 
0.665---1 


'if1"1O 
0.055 
0.020 
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00(::: 


00" 
--I ~ 
SEATING 
PLANE 


1650 
0095 
0140 h 
0600 
-r----r---- 
1 680 
~ 
6"160 
I---~--I 
"" ~~ 
Ii 
1 


1 


°1 
00 I 
-~j 
~ 
--.:TOlr 
--, 
- 
- 
-0-0-09--~_ 
3° t.4IN 
o.J..§!L 
0015 
0012 
I _I 
~ 
Jl- 
0060 
1__ 
0625 
__ 
-1 


0.090 
0.0.5 
0.015 
0670 
o:TiO 
0.055 
07520 


28-Lead (JOO-Mil) Molded DIP P21 
oo 


/PON' 
DIMENSIONS 
IN INCHES 
,! 
MIN 


0.250 
MAX 
0.270 
-----.l 


~ 


SEATING 
PLANE 
O.030~ 
0.080 


I' 
1.370 
'10120 
~51~~ 
~~;~lW61 
I J'firrrn~ 
1:. I 9."1 
3°MIN 
O'60r, 
" 
IVI ~ ~ U - 
00'5~~ 
~y 


~9Q 
JL~0105060 
l-gj~~ 


0.110 
0.055 
0.020 


0065 


~ 
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_~goucrOR 
_ 


-I 


64·Lead (900-Mil) Molded DIP P29 


/PIN" 


o 
o 
0-1 


0.750 
0.850 


I 


0.165 
I 
0.880~ 
0.210 
0920 


1 ~-= 
) 


~ 
-0.009 
--J,,-~ 
30t,j,n 
0015 
0012 
I\\- 
JL 
0.060 
I 
1.010 
I 


0.015 
~--- 
1.062 
---- 


0.020 


I 
3.160 
3.2<0 
.~ 


0.180 


0.~25 


0.115 
0.160 


-" 
, 
--I 
I- 


0.090 
o:1iO 


~ 
Package Diagrams 
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~ 
~ 


DIMENSIONS IN INCHES 


MIN. 
MAX. 


DIMENSIONS 
IN INCHES 


MIN. 
MAX. 
'l 
--l 0.022 
t 
0.028 


'l 
[0.008 
R 
20 
PLACES 1 


I--- 0.084 
I 
0.110 


1 


1---0.084 
I 
0.110 
~ 
~ 


0.342 
0.358 


j 


I 
0.054 
I--0.066 
1"-"- 
0.342 
i 
I--0.358 --I 


I 
0.050 
I-- 0.080 


DIMENSIONS IN INCHES 


MIN. 
MAX. 


1 
r- 0.087 
0.114 


TOP 
SlOE 


0.442 


WINDOW 
0.458 


g:1gg DIA 
~"..,~U 
~ 
~0.045 


0.066 


0.458 


~crmss 
"/~ICONDUcroR 


1--- 


1112 
I 
I 
r- i08i- 
O.100TYP 


I 
-00000000 
00000000000 
00 
1 
00 
00 
00 
00 
00 
00---t-;-00 
00 
INDEX 
00 
00 
0.0701 
TYP 
00 
00 
I 
DIA 
00 
00000000000 
000000000 


0.605 
- 
$ 


...----- 


@ 


L 


K 
J 


H 


G 


F 


E 
o 


C 


B•/, 
., 
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0.1.40 
o.Ti5 


0. 


091Ft 0.190 
0.075 
0.170 
---.i Q,Wl 
----r 0.016 


0.350 
DIA 


WINDOW 
TYP. 


0035,,:°1 
r 


0.008 ...i==t 


0.291 
0.393 
0.300 
0."20 


GU 


t-== ~:~~;----j 


~ 


0.0~2 
0.105 
~l 
j L 
JL ~:~t~; 


0.050 
0.013 
TYP. 
0.019 


OI~ENSIONS 
IN INCHES 


t.4IN. 


~AX. 


=J 


-==1 0.007 
~ 
m 


0.050 


01~ENSION5 
IN INCHES 


~IN. 


~AX. 


LEAD COPLANIARITY 
0.00'" 
~AX. 


I 
0.447 
I 
0..•.63 


~ 
••t, 
0.105 
~l 


I 
I 
IL 
t 
0.003 
-l l- 
- 
D.012 
=- 


Jj"1.0.007 


~ 
_ 
0.013 


0.050 


0.393 
0..•.20 
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DI~ENSIONS 
IN INCHES 


MIN. 


MAX. 


LEAD COPlAN1ARITY 
0.004 
MAX. 


I 


0.497 
I 


0.513 


~ 
-o.ot 


0.105 
~l 
j L 
-11-d; 


0.291 
CO.300i 


~ 


=10'007 
~ 
_ 
0J)i3 
0.050 


0.393 


0.420 


DIMENSIONS 
IN INCHES 


MIN. 


MAX. 


LEAD 
COPLANIARITY 
0.004 
MAX. 


I 
0.597 
I 
0.615 


~ 


0'0~2 
0.105 
~l 
j L 
-IL ~i~; 


0.291 
CO.300i 


~ 


10007 
~ 
_0:013 


0.050 
• 


0.291 
0.393 
0.300 
0."20P 
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DIMENSIONS 
IN INCHES 


~IN. 


MAX. 


I 
0.697 
I 
0.713 


~M\' 
0.105 
~l 


I 
I 
IL 
I 
0.003 
-l I-- 
- 
o:oi2 


DIMENSIONS 
IN INCHES 
:~~'. 


LEAD COPLANARITY 
0.004 
MAX. 
=110007 
~ 
o:oi3 


0.050 


0.393 
0.420 


jJ('-- _--Jl ~-l 


0.015 
I I L ~:~~~ 
0.050 --I 


~PR£SS 
'nICONDUcroR 


WINDOW 
0.170 TYP.6 


L 0.005 MIN. 


0.045 
0.055 


0.005 _ 
i- 
0.015 
I 


28-Lead Windowed Cerpack T74 


0.740 
MAX. 
o 
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I 
,0.004 
0.080 ~ 
•...•~ 
~0.008 
0.10~i===1------_ t=::j =c 


~ 
0.260 L----0-.3-6-0----' I 0.260 LL 0.026 SEATING 
0.325 
0.400 ------I 
0.325 
0.040 PLANE 


"0>"" 
IL 


0.045 MAX.:II- 


0.015 _ 
0.022 


-Ir-- 0.003 
I 
0.009 


-t 


0.250 
0.370 
1 
l 


0.026 SEATINGPLANE 
0.040 


0.070 
0.100 


20-Lead Molded SOJ V5 


0.040 
0.050 


Q.,Q!..! 
X 45°-I 
0.016 


24-Lead Molded SOJ V13 


0.040 
0.050 


0.330 
0.350 
t 


~P= 
.nEMICONDUCTOR 
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0'05°~dO'013 
TYP. 
0.019 
----r 
. . 
U 0.120 


I 
, 
I 
O.UO 


, 
'0.697 
~5 
MIN. 


0.713 


~ 
X 45° 
II 
0.016 
-- 
- 


((5-" 
\aJ 
\ 
I 


\ 
' 
"--L 0.262-J 
0.272 


® 
[P:.:~ 


0.013 
I I 
~ 
~ 
0.019 I 
r- 
0.015 
0.020 


a=± 


0.013 
0.360 
0.380 


~~ 
WnEMICONDUCTOR 
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DIMENSIONS 
IN INCHES 


MIN. 
MAX. 


~ 


I 


' 
0.930 
, 1 0.140 
0.970 
0.175 
:~::Er~2, 


-i 
~ J L 
~~ 
0.060 
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'This 
package is alTered in both square and tapered lead types. 


See the beginning of this section for details. 
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'This package is alTered in both square and tapered lead types. 
See the beginning of this section for details. 
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'This package is offered in both square and tapered lead types. 
See the beginning of this section for details. 
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'This package is offered in both square and tapered lead types. 
See the beginning of this section for details. 
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"This package 
is offered in both square and tapered 
lead types. 


See the beginning 
of this section for details. 
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"This package 
is offered in both square and tapered 
lead types. 
See the beginning 
of this section for details. 
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32-Lead (300·MiI) Windowed CerDIP W32 
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"This package 
is offered in both square and tapered 
lead types. 
See the beginning 
of this section for details. 
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28-Pin Ceramic Leaded Chip Carrier Y64 
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TO CUSTOMERS. 


ASSEMBLY 
CODE, 


IDENTIFIES 
THE 
SPECIFIC 
ASSEMBLY 


LOT 
THE 
PRODUCT 
CAME 
FROM. 


I" 
~ 
~I 
IDDDDDDI~ 


0.16~G 
0.215~ 


0.040 
o.oos 


I" 
~ 
"I 
2.220 
TDDDD 
10000 
I~ 
j!..:I 
j!..:I 
~ 
~ 
'-" 
'-" 
+ 


0.005 
0.100 ~h~h-l 


Package Diagrams 


T 
Q2illl. 
0.6101 


T 
.M2Q. 
0.9101 


I_ 
.lJlZfi 
-I 
2.025 
10 Q [J'II 
m~ 
!~~ 


I- 
~ 
-I 
1.620 
10QDI 


I 


~ 
~ 


~ ~ ~~-h 


022QG 


0.27~ 
t 


~ 


..Q2JQ 
0.320 


~ 


T 
~ 
0.6101 


T 
0.590 
0.6101 


I" 
2.lli 
·1 
2.425 
iDDDD 
0.880 
[] 
[] 
[] 
[] 
[] 
[] 
[] 
[] 
lDDDD 
~I 
L!: I!H.l 
I!.!j!.l 
I!.! l!-l 
!.ll!.!j 


t 


0.010 
D:05O 
~h~h 


...•., 


II' 
¥o; 
"I 


LIIJ~D~D~D~I 


0.2101] 
0.270 


Package Diagrams 


T 
0.890 
0.9201 


-T 
Ifll 
0.590 
ll41 


• 


, 
•• 
1.188 
_I 
1.212 
~-:::)ti~::]-t. 


Package Diagrams 


.108 
.~t~ 
f 


.290 MAX. 


~ 
.330 


1.415/1.44·~5 ---I 


o 
0 
~ 


~ 


Package Diagrams 


~ 
.330 


0.30 -L 
MIN., 
-Lll.192 


, 
0.208 
~" 


..j .5901.610 ~ 


/ 


0 0 
0 


0 I 
1.090 MAX.J 
r-1.090 MAX.--1 


11 2233 
44 5566 


@)@)@) 
@)@) 
0 


@)@)@) 
@)@)@) 


@)@)@) 
@)@)@) 


@)@)@) 
@)@)@) 


@)@)@) 
@)@)@) 


@@@ 
@@@ 
1.000 TYp. 


0 
@)@) 
@)@)@) 


0 
@)@) 
@)@)@) 


@)@)@) 
@)@)@) 


@@@ 
@)@)@) 


@)@)@) 
@)@) 
0 


1 1223 
3445 
56 


Package Diagrams 


0.190 
1 
02251I-·-----fflg------·I 
~ 
I 
0.358 
---.1.- 
'oDoDo 


1 
~~ ~ ~~ 


~~i 


~ ~~ ~ 


~~~~ 


0.500 
0.005 
MAX. 
l:L-l 


~~ 


0.200 


0.225 
A 
~"" 
1 II -0-------- 
4.4sO ---------., 
DO DO DO DO ~ 


0.009 
0.013 


J~ 
0.090 
0.110 
J~ 
0.100 
TYP 
J~ 


.Qm2 
0.021 


0.190 


1 


0 
~ 
•• , 
100225.1 
2.020 
L~J 
cw 


~ 
0100 
~ L 
-lL 0.015 
°M~5 
0.100IIi 
0.125 
TYP I 1- 
II 
0025 
TYP~ 
~ 
0.175 


0.009 
0.013 


.,~ 


;~ 
P_ac_ka_ge_D_ia_gr_a_IDs 


I- 
~ 
-I 
1.800 
II~DDIIU[T 
J1~ 


±0.125 
0.175 


,.. 
~ 
-, 
1.610 
IDDI~liU[~ 
__ 
J~ 


0.100 
I 
I 
II 
0.015 
U II 
U 0050 
0.175 
TYP --j I- --j t-- 0025 
-..J I- TYP 


Package Diagrams 


f 


~ 
0.350 
~- 
OH 
~E 
"Frrrr 


J: 
H H H 
H D 


II 
~ 
-----'.1 -r 
1.900 


I 


~.. 
-.1B5 
1.755 


J 
_ 


~~ 
0.350 
LJ 


t 
f 
~ 


0.001 MIN. I.. 
1.500 
_~ 
•• It 
• 


I- 
~ 
-I 
1.610 
""Jo===IJ 
INDICATOR 


. 
,~ 
Package Diagrams 
=-,SEMICaIDlJC'I'a 
_ 


-ffig 
-I 
T 
DDDDDD~ 
--.l 


, 
:i 


0.175 
0.100 
0.040 
0018 
TYp. 
0.Q75 
0:026 


• 


Package Diagrams 


~ 


~ 
~~ 
0.100 
TYp. 


~~.~~~ 
------------ 
.., 
I-°M·3AX30-..! 
------------ 
..•.•••••. 
----------- 
•.\ 
I 
I 
oDod~DoDo~~nrrrnm 


OOooOooOOOODDODODODOOOOOOOOOOO 
0000000000000000000000000000000 
~ 
~ 


I.. 


PIN1 
~ 
~O@ 
~ 
1:~~2 
R +001 
••I 
PIN06~5 
REF 


----------3.35 
(64PINS)---------~ 


~ 
••, 
1-0350-..! 
------------ 
~ 
"I 
I 
MAX 
I 
000000000 ~~nrrrnm 


00000ססoo000000000ססoo00000000 
0000000000000000000000000000000 
~ 
~ 


I 


PIN1 
~ 
~O~~ 
~ 
1:~~2 
R+001 
1 
0.135REF 


. 
~ 
PIN64 
•••--------- 
3.352(64PINS)---------- 
•• 


Package Diagrams 


.Q.llil 


I.. 
3.625 
-I 
...J0.180L 


3.645 
I 
I 
D~DDD~D~:~;I 


1 
~10125 


.==c0175 


...L 


+ 
~ 
0.055 


I· 
~ 
-I 
DnJbLJD* 


~~~~ 
~ 
lYP 
.1 I. 
0.100 
~ 
.11. 
0.015 0.125 
i i 
IYP 
0.075 
ii 
0.025 0.175 


0.340 
-.j 
MAX I- 


TO.330 
~350 


I•. 
~ 
-I 
3.575 
DDDDDDDDD~ 
~ 
-tL 


~ 
III 


0.175 
~.Qm§. 


0.075 


-~ 
. 
;~ 
Package Diagrams 
=--, SEMlCalDlK::l'C 
_ 


I 
- 
...1i!2Q. 
~I 
2.000 
~~If 


~ 
0100 -.J L 
-.JL 0.015 


0.125 
TYP I I 
II 
0.025 
0.175 


0.345M 


~~ 
__i I 
0.013 
0.1~1- 
TYP 


.345H 


1.800 
-I 
oDoDoTLL 


I 
0.345 I 
I 
MAX. r 


Package Diagrams 


f 


0.540 


I 
MAX. 


-L 
t 
f 
0.005 MIN. 


~h 
~ 
0.100 


TYP 
1.900 REF. 


r.- ~. 
. . . .+.~ . 
; 
Pin 1 


-1~~~ 
-1f.0J~ 
1f. o~~ 
enn 
nnW·'·"n,·n 
••• 
, 
•••••••••••••••• 
I 


-l ~ 


0.100 
TYP 


.11. 
0.015 
-,r- 
0.025 


nnenn' 


-.J f.0050 
. • . . . • . • J. ;;r~• • • • 
-1 l- 


0.100 
TYP 


Package Diagrams 


~~0050 
~ 
-I 
,1:DDDDDDDD~ 
01~ 
I 
0150 
--.i- 


~ I:~.....+.~ ... i'J1?1: •.•.• 1r.'~j,'.... 
~r'~ 


I 
I 
I··············· 
. 


Pin 1 


~~ 
0050 
t.Wl 
-I 
,1:DDDDDDDD~ 
.Q.1gQ 
I 
0150 
--.i- 


~ 
I:~ .... .+.~ ... 1',w1:..... 1 r.~j,'.... 
:1r'>v"1? 


I 
I 
I··············· 
. 


Pin 1 


1I.Q.Q1§. 
-,r- 
0025 
• 
0.125 
0.150 ffij-J 
~~~ 


0.215~ 
MAX 


0.008 
0.014 


-J ~ 


0.100 
TYP 


Package Diagrams 


I-- 
0.300 


I 
MAX 


0.850 
D.895 
----LL 


t 
0.040 
..Q..QQZ 
TYP 
0.013 


D 


